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FIFIH INTERNATICNAL CCNFERENCE ON LIQUIC AND AMCRPHCUS METALS

ii' August 15-1¢, 1683 at University of Californie

s Los Angeles, California USA

»

SCCEE

i. The Fifth Internastional Conference on Liquid and Amorphous Metals, to be
- held in Los Angeles during 15-19 August 1983, is the successor to the

Greroble conference held in 1680. It will cover 211 aspects of the physics
and chemistry of liquid and amorphous metals and 2lloys.

CONFERENCE SITE

The conference will be held on the campus of the University of California
in Los Angeles. The oral presentations will be given in the lecture halls
(Rooms 2250 znd 227€) of Young Hall (Chemistry Building) and the poster
sessions will take place in the Grand Ballroom of Ackerman Union (see
attacked map).

The conference administrative center (consisting of e registration desk,
information desk, and travel assistance) will be located in front of the
lecture hells in Young Hall. 1t will be open during the week of the
conference from € am to € pm. For those arriving Sunday, 14 August, a
registration and informetion desk will be available from 4-1C pm in Rieber
Hall (cne of the Students' Residence Halls) where the reception will take
place.

FEGISTRATICN

The registration fee (including conference proceedings) for participants is
$185. Students will be charged 2 fee of $80, which does not include tbre
proceedings., The price of 2 separate copy of the proceedings is $45. The
registration fee for accompanying persons is $2C per person.

Fayments should eccompany FCRM A and be made by check or money order,
payeble to hegents of UC, LAME,

FRCCEECINGS

The conference proceedings will be published 2s 2 special issue of the
Journzl of MNon-Crystalline Solids. They will contain only papers presented
2t the conference znd accepted for publication after refereeing. Typing
instructions have beer sent to all first authors.
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1. RESIDENTIAL SUITES

Each suite consists of TWC
EEDRCCMS, EACH WITH TWO SINGLE
EEDS, A LIVING RCCM, ANC A
EATHRCOM. The cost depends on

the suite. The price for one
person covers the room charge,
daily maid service, breakfast
and dinner, and admittance to
the Sunset Recreation Center
(with two Clympic-size
swimming pools and tennis
courts). Participants may
request a box dinner to te
used for lunch, or a mezl
ticket redeemable toward the
cost of lunch at any campus
food facility. The rates for
the week of the conference
Sundey night to Saturday
morning) are as follows:

1 person/suite:  $U56/week
2 persons/suite: $3C€/week/

person

3 persons/suite: $222/week/
person

4 persons/suite: $1&6/week/
person

There will be no reduction for
a stey of less then five
nights.

For children, age U4-12 years,
the retes are reduced by $27,
and children 3 years and under
ere free if they do nct
require a bed.

The residential suites are
within welking distance (10
minutes) to the conference
center, but & shuttle bus will
operate between the two sites
during the conference week.

ACCOMMOLATICNS
Housing for the conference participents is aveileble in the

residential suites and residence halls on campus, or in hotels and
motels in close proximity to UCLA.

the nurber of people occupying

2. RESITENCE HALLS (Hersbhey
Hall)
(Rooms are no longer availeble
in Hershey Hall, located next
to the conference center.)
EACH ROCM EAS TWC SINGLE BELS,
ANC A BATHROOM IS LOCATEL ON
EACH FLOCR. Linen and bath
towel are provided, but no
meid service or meals are
included in the price of the
room. The rates are as
follows:
1 person/room:  $28&/day
2 persons/room: $14/day/
person
Maid service is aveilable =zt
an additional $2/person/dey.

2. HCTELS ANC MCTELS

There are several bhotels end
motels in close proximity to
UCLA. It is planned to run a
shuttle bus between the
conference center and the
hotels in areas (a) and (b)
below:

(a) Cne-Half Mile from Campus
(Cn Wilshire Bouleverd in
Westwood)

Holidey Inn--Westwood s
10740 Wilshire Poulevard .
Los Angeles, CA 0C024 T
(213) u75-8711 ‘. .
Single: $€7
Pouble: $77

Del Capri Hotel--Westwood
10587 Wilshire PBoulevard

Los Angeles, CA 90024 S 1
(213) 474-2511 \

Single: $59

Double: $€0

Price includes continental

breakfest ) 4
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3. HCTELS ANC MOTELS (cont.)
Holiday Inn--Brentwood

170 North Church Lare

Los Angeles, CA 90CUQ

(213) 476-€411

Room price $4€ allowing
1-2=3-4 persons per room
This hotel is in close
proximity to the San Liego
Freeway. Consequently, some
rooms may be prone to freeway
noise.

Bel Air Sands Hotel
114€1 Sunset Boulevard
Los Angeles, CA 90049
(213) u76-€5T71

Single: $70

Double: $80

Brentwood Motor Inn

600 Beverly Park Drive

Los Angeles, CA 90049

(213) 476-6255

Room price $53 independent of
number of occupants

This motel is in close
proximity to the San TCiego
Freewsy. Consequently, some
rooms may be prone to freeway
noise.

Please contect the hotel of
your choice directly,
indicating that you will be
attending the LAMS Conference
at UCLA.

TKANSPORTATICN

Perticipants arriving at Los
Angeles International Airport
(LAX) can take the express bus
(Fly-Away Service) to West Los
Angeles (WLA) Terminal. The
fare is $2.25/person. The bus
runs every 2C minutes from all
airline terminels. For
example, the bus stop for
passengers arriving at the
International Terminal is in
front of Esggege Ares A which
is to the left wher you exit
the "bubble" housing the

baggage area for internetional
arrivals.

A sbuttle bus will take tre
participents from the WLA
Terminal to the Pesidertial
Suites, the Residence Halls,
and the local hotels on the
afternoon of Sunday, 14
August.

Participants who trevel by cer
can resch UCLA by teking tkre
Szn Tiege Freeway (I-U(QR)
north from the airport to
Wilshire Fouleverd--East Fxit.
Go one-half mile east on
Wilshire Pouleverd, turn left
(north) at Westwood Bouleverd.
Take Westwood PBoulevard for
one mile into the UCLA campus.
Inquire at the information
kiosk for parking and
directions to the Residential
Suites, Residence Hells,
end/or conference site. The
perking fee is $2 per entry.

SCCIAL PRCGRAM

Sundey, 14 August

Reception at Residentiel
Suites (Rieber Hall) from €-1C
pm.

Monday, 15 August

Barbeque at the Residenticl
Suites, 7 pm. The price for
the chicken barbeque is #1F
per person.

Tuesday, 1€ August

Banquet =zt UCLA Faculty
Center, 7 pm. The price for
the banquet is $2%5 per person.

Thursdey, 1€ August
Hollywood Bewl Concert end
Picnic. The price for thre
picnic, concert, and
transportation is $2C per
person.

Fridey, 19 August
Farewell Party




SIGHTSEEING PROGRAM CURING CCNFERENCE WEEK

The following excursions have been scheduled during the week of LAME. In
order to reserve special buses for the conference participants and guests,
confirmation and payment for the selected tours is required before 1 August

1983.
Monday, 15 August: Hollywood and Los Angeles (€ hours)
Fare: Adult $15 / Child (2-11 yrs) $7.5C
Tuesday, 1€ August: Coastal Tour and Getty Museum (€ bours)
- Fare: Adult $1¢ / Child (3-11 yrs) ¢7.5C
.
. Wednesday, 17 August: Disneyland (9-1/2 hours)
[~ Fare: Adult $25 / Child (3-11 yrs) $16
F Thursday, 1& August: Universal Studios (6 hours)
- Fere: Adult $22 / Child (2-11 yrs) ¢1¢
If there is sufficient demand, another tour to Cisneyland can be arranged
on Saturdey, 20 August. The fare is identicel to the Wednesday tour.

Please confirm your tours on the enclosed form.

Separate z11-day tours are also possible. FExamples are:
(1) Tijuana, Mexicc

(2) San Tiego Zoo

(3) Sea World in San TLiego

Reservations for these tours can be made at the conference registra*ion
desk two days in advance of departure.

POST- ANLC PRE-CCNFERENCE TOURS (Las Vegas)

The demand for post- end pre-conference tours was very light, and only one
tour to Las Vegas will be orgenized. This tour will leave Sunday morning,
21 August®*, thus permitting psrticipants of LAMS to visit Disneylend or
other sights in Los Angeles on Saturdey. Tt is proposed to take the trip
to Las Vegas by an air-conditioned bus so that the Mojave Lesert can be
seen by day.

The price of the tour will be $22C for single occupancy in 2 hotel room in
Les Veges, and $15C for doutle occupancy. The tour will consist of two
nights in Las Vegas and will return to Lcs Angeles on Tuesday, 22 August

'i. 19¢3.
X There is the pocsitility for a one-day excursion by plene from Las Veges to
the Crand Canyon at an extra cherge of $156G.

% Arrcngements must be made for 2 stay in a hotel or the Residence Hall
(hersrey Hall) for the night of Seturday, 20 Pugust. Mo rooms can be made
aveileble ir the Fesidentiel Sfuites for that night, but occupants can move
to Hershey Hall.
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NCTES FCR CRAL PRESENTATICNS

Projectors for 35 mm slides (5 cm x 5 cm or 2" x 2") end overtead
projectors for transparent sheets (25 cm x 25 cm or 10" x 10") will be
available. Authors wishing to use other projectors should contact thre
Conference Chairman as socn as possible so thet arrangemerts can be made.
No projector for 2-1/2" x 4-1/u" slides will be made aveileble.

When preparing slides or transparencies, please remember the following:
1. Be realistic. One slide per minute is prcbebly too muct.

2. Make the lettering lasrge, otherwise the slide will be unreadable. No
lettering in any slide should be less than &% of the height of the slides.

3. Avoid non-contrasting colors if possible (e.g. blue 2nd green are often
hard to distinguish, and red is hard to see for some people).

INSTRUCTICNS FOR POSTER PRESENTATICN

Each poster will be exhibited in the Grend Ballroom of Ackermen Union
during the period cof Mondesy, 15 August to Thursday, 1€ August. The posters
are grouped into sessions, and ezre numbered end listed in the atteched
program.

The posters should be prepasred in advance and mounted on the poster boards
from 8-9 am on Moncday, 15 August.

The authors must be present at least 1-1/2 hours for discussion of their
poster during the specific poster session, 2s indicated in the final
program,

Each poster will be zssigned to 2 180 om (6') wide and 14C om (4') high
board. At the upper left corner of the board, 2 section 20 cm (12") wide
and 20 cm (€") high will be reserved for the number of the poster
presentation (to be prepzred by the conference). The remainder of tkre
board can be used for the title of the peper, the authors' names and
affiliations, ancd the text and figures.

It is suggested that the posters be prepared in such 2 way thst they cen te
understood even in the zbsence of the authors. The following
recommendations should be considered:

1. Use large print, readable from 2 distance of 2 meters (€'-7'). Shade
block letters where possible.

2. Keep text and figure legencs brief.

Cad

Simple use of ccler can help emphasize & point.
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SCIENTIFIC PROCRAM

Sunday, 14 August 1983

i
4:00 pm Registration ir Rieber Hall
7:00 pm Reception
Monday, 15 August
. i
o 8:C0 am Registration in Young Hall (Chemistry Building)
; 9:00 am Welcome and Cpening Remarks (Room 225C, Young Hall)

SESSION A: Expanded Metals (Room 225C, Young Hall)
Chairmen: F. Hensel and W.W. Warren
9:35% am A1 H. Endo: METAL-NCNMETAL TRANSITICNS IN LIQUILS UNTCER
PRESSURE (Invited)

1C: 10 am A2 L. Turkevich and M.E. Cohen: THE NATURE OF PHASF
TRANSITIONS IN FLUID MERCURY (Invited)

10:45 am Break

SESSION B: Thermodynamics (Room 2250, Young Hall)
Chairmen: A.B. Bhatia and M. Shimoji

11:C0 am B1 0. Kleppa: SYSTEMATIC ASPECTS CF THE THERMCLYNAMICS CF
LIQUID ALLCYS OF TRANSITION METALS WITH NORBRLE METALS
(Invited)

11:35 am E2 J.H. Perepezko and J.S. Paik: THERMCLYNAMIC PROPERTIES

OF UNCERCCOLEL LIQUID METALS

11:5C am E3 D.A. Young and Marvin Ross: THECRETICAL HIGH-PRFSSURE
EQUATIONS OF STATE ANC PHASE CIAGRAMS OF THE ALKALT MFTALS

12:05 pm E4 M. Cyrot: FEASABILITY ANC STABILITY OF AMCRPHCUS MATERIALS
AS A FUNCTION OF THE ENTHALPY OF FUSICN

12:20 pm E5 R.E. Schwarz, W.L. Jobnson, and R.VM. Clemens: AMCRPHOUS
La-Au ALLCYS FORMEL BY SOLID-STATE REACTION OF THE
ELEMENTAL CRYSTALLINE METALS

12:40 pm Lunch
. 2:00 pm PCSTER SESSICNS in the Grand Ballroom of Ackerman Union
Poster Session PA Thermodynamics

3 Cheirmen: M. Cyrot and J.H. Perepezko

Poster Session PB Structure I
Chairmen: G. Etherington and P. Lamparter

Poster Session PC Atomic Transport and Structural Relaxetion I
Chairmen: J.E. Cost and M.F.J. Gibbs

Poster Session PL Electronic Properties I
Chairmen: S.J. Pcon and S. Tameski
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SESSICN C: Thermodynamics and Expanded Metzls (Room 2250 Young Hall)
Chairmen: N.E. Cuseck ard J.C. Trhompson
4:0C pm C1 M. Shimoji, T. Iteri, and £. Tekaheshi: BICRER-CRLFP
CCRRELATICN EFFECTS CN THERMCLYNAMIC AN FLECTRCNIC
PRCPERTIES CF LIQUIL ALLCYS

4:15 am €2 W.W. Warren, Jr., U. El-Heneny, and CG.F. Brennert: NMR
STUDPIES COF EXPANDEL LIQUIC CESIUM

4:30 pm C2 8. Tekeda, S. Matsunaga, and S. Tamaki: MAGNFTIC
SUSCEPTIRILITY CF LIQUID Na-IVb ALLCYS

4:45 pm C4 K. Ichikawa: SPECIFIC HEAT ANDC TIME-OF-FLIGHT NEUTRCN
PIFFRACTION MEASUREMENTS TN LIQUID Bi-BRiI(2) MIXTURES

ﬂ: 5:0C pm C5 J.R. Franz: METAL-NCNMETAL TRANSITICM IN CHARGE TRANSFER
- ALLCYS ANC METAL-MOLTEN SALT SOLUTICNS

] 5:15 pm Cé M.L. Saboungi: 2TRUCTURAL IMPLICATICNS CF THERMCLCYNAMIC
MEASUREMENTS IN LIQUID ALLOYS

Qi 5:20 pm C7 R. Fainchstein, U. Evan, and J.C. Thompson: CPTICAL
REFLECTIVITY CF MOLTEN Cs(x)CsCl(1-x) ALLQYS

5:45 pm cé J. Dupuy, J.F. Jel, J. Chabrier, and P. Chieux:
STRUCTURE AND MCDEL CF METAL-MOLTEN SALT SCLUTIONS IN
METALLIC TRANSPORT REGIME

SESSICN L: Electrcnic Properties I (Room 2276, Young Hell)
Chazirmen: R.W., Cochrane and P. QOelhafen
4:00 pm D1 R. Harris and A.B. Kaiser: ELECTRCON-PHCNON ENHANCFMENT
AN THE THERMCPOWER CF Ni-Zr METALLIC GLASSES

4:15 pm L2 E. Luscher, J. Willer, and G. Fritsch: TRANSPORT-PRCPFRTTFS
OF METALLTIC GLASSES AT HIGH PRESSURES

4:30 pm D3 W.B. Muir, Z. Altounien, J.C. Strom-Clson, and
R.W. Cochrene: THE THERMCPCWER CF SUPERCCNLCUCTING AND
MAGNETIC Fe-Zr GLASSES

4:45 pm P4 C.L. Chien end S.H. Liou: TEMPERATURE CEPENDENCE CF
RESISTIVITY COF AMORPHCUS METAL-METAL SYSTEMS WITH WIDE
CCMPCSITICN RANGES

5:0C pm D5 A.K. Bhatnagar, E. Bhanu-Presad, K.V. Rao, and
- K. Fukemichi: THERMOPCWER CF RAPILLY QUENCHFL Fe~RITCH
¥ Fe-Zr AMCRPHCUS ALLCYS |

4 5:15 pm CE L.K. Varga, A. Lova, J. Toth, end S. Arejs: FLFCTRIC ‘
5 PRCPERTIES OF Ni(100-x)B(x) and Ni(81.S)E(1€.5-y)P(y)
& METALLIC GLASSES

LQ 7:00 pm Berbeque-Picnic 2t Residential Suites
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Tuesday, 16 August
]

[}
SESSICN E: Structure I (Room 2250, Young Hall)
Chairmen: P.A. Egelstaff and K. Suzuki
9:00 am E1 S. Steeb: TIFFRACTICN STULCIES CF LIQUID ANC AMORPHCOUS
ALLCYS (Invited)

§:35 am E2 [. Quitmann: MICROSCOPIC STUCIES CF DYNAMICS IN LIQUID AND
AMCKPHCOUS ALLCYS (Invited)

10:10 am E3 G.S. Cargill, III: CAPABILITIES ANDC LIMITATIONS OF
EXAFS FCR AMORPHOUS MATERIALS (Invited)

;&; 10:45 am Break

SESSION F: Glass Transition (Room 2250, Young Hall)
Chairmen: C.F. Cline and H.A. Lavies
11:CC am F1 M.H. Cohen and G.2. Grest: THE NATURE OF THE GLAS
TRANSITICN (Invited)

11:35 am F2 F. Yonezawa and M. Kimura: COMPUTER GLASS TRANSIT. -

11:50 am F3 F. Spaepen, C.L. Lin, and D. Turnbull: PICCSECOND
PULSED LASER-INDUCELC MELTING AND GLASS FORMATICN IN
METALS

12:05 pm F4 R.C. C'Handley, B.W. Corb, and N.J. Grant: REVERSIBLE

TRANSFORMATIONS COF SHORT-RANGE ORDER IN COBALT-BASE
AMORPHOUS ALLQOYS

12:20 pm F5 J. Hillairet, E. Balanzat, N.E. Perradji, and
A. Chamberod: REVERSIBLE ANC NCN-REVERSIBLE EFFECTS IN
RELATION TC SHORT-RANCE ORDERING--A KINETIC ANALYSIS OF

Ni(24)Zr(7€)
12:40 pm Lunch
2:00 pm POSTER SESSICNS in the Grand Ballroom of Ackerman Union

Poster Session PE Metal-Nonmetal Transitions
Chairmen: H. Hoshino and J. Frenz

Poster Session PF Structure II
Chairmen: N. Cowlam and H. Rudin

Poster Session PG Atomic Transport and Structural Relexation IT
Chairmen: R.E. Schwarz and D. Pavuna

Poster Session PH Electronic Properties II
Chairmen: P.J. Cote and L.V. Meisel

SESSION G: Structure II (Room 225C, Young Hall)
Chairmen: U. Gonser and T. Mizoguchi
G1 T. Fukunaga, M. Watanabe, and K. Suzuki: EXPERIMENTAL
CFTERMINATION OF PARTIAL STRUCTURES IN Ni(uQ)Ti(6C) GLASS

4:0C pm
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. 4:15 pm G2 A. Lee, G. Etherington, and C.N.J. Wegner: PARTTAL
STRUCTURE FACTORS ANC DISTRTBUTICN FUNCTTONS OF Ni(28)7r(€X)
(| METALLIC GLASS

- 4:30 pm G3 A. Naudon and A.M. Flenk: RELATICONSHIP BETWEEN SPACF-
N CORRELATED FLUCTUATIONS AND INITIAL ALLOY CCMPCSITICN

~ IN SCME METALLIC GLASSES

h 4:45 pm G4 H. Rudin, S. Jost, and H.J. Guntherodt: X-RAY

L CIFFRACTICN FROM LIQUID AND AMCRPHOUS Mg(7C)Zn(20) ALLCYS
N 5:00 pm G5 A. Sadecc: EXAFS STUDY OF AMORPHQUS Cu(RR)Zr(€6) ALLQOY

) 5:15 pm G7 M. Silbert: X-RAY SCATTERING, ELFCTRON CORRELATICNS,

F AND THE SMALL k-BEHAVIOUR OF THE STRUCTURE FACTOR OF

gf SIMPLE LIQUID METALS

5:30 pm G& W. Glaeser anc Ch. Morkel: SELF-DIFFUSION IN SIMPLE
LIQUID METALS

L
i 7:00 Banquet at the Faculty Center
! - Speaker: Provost Ray Orbach, UCLA
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Wednesday, 17 August
]

]
SESSICN H: Theory (Room 2250, Young Hall)
Chairmen: G.J. Morgan and F. Yonezawa
9:00 am H1 D.R. Nelson: ORIENTATIONAL CRPERING IN 2- ANC 2-DIMENSICNAL
SYSTEMS (Invited)

N
\ 9:3% am H2 J. Hafner: THE ELECTRONIC THECRY OF THE STRUCTURAL
A THERMCCHEMISTRY CF METALS AND ALLOYS (Invited)
- 10:10 am H? W. ven der Lugt end W. Geertsma: LIQUILC ALLCYS WITH
i‘: STRCNG CHEMICAL INTERACTIONS (Invited)
3:3 10:45 am Break
b
e SESSION I: Modeling and Structure (Room 2250, Young Hall)
Chairmen: C.E. Polk and V. Vitek
11:00 am I1 J.F. Sadcc and R. Mosseri: MODELING CF THE STRUCTURE CF

GLASSES (Invited)

v 11:35 am I2 J. Kortright and A. Bienenstock: STRUCTURAL STULY COF
oY AMCRPHOUS METALLIC Mo-Ge ALLCYS

- 11:50 am I? P. Lamparter, W. Martin, S. Steeb, and W. Freyland:
- NEUTRCN DIFFRACTICN STUDY CF THE STRUCTURE OF LIQUID
RS Cs-Sb ALLOYS

12:05 am I4 T. Mizoguchi, H. Narumi, N. Akutsu, N. Watenabe,
N. Shiotani, M. Ito, and H. Iwsszki: STRUCTURE
v RELAXATICN CF AN AMCRPHOUS Mg(7)Zn(2) ALLCY
12:20 pm I& J.B. Suck, H. Rudin, H.J. Guntherodt, and H. Beck:

INFLUENCE CF STRUCTURAL RELAXATICN ON THE ATOMIC
CYNAMICS OF THE METALLIC GLASS Mg(7)Zn(R?)

= 12:40 pm Lunch

f!

B 2:0C pm POSTER SESSICNS in the Grand Ballroom of Ackermar Union
- Poster Session PI Surfaces and Hydrides

- Chezirmen: M.L. Rosinberg and A. Williams

Poster Session PJ Modeling
Cheirmen: R. Kikuchi and A. Naudon

Poster Session PK Electronic Properties IIT
Chairmen: W.H. Hines and S. Ishio

Poster Session PL Atomic Transport and Structural Relaxation IIT
Chairmen: M. Mehra and H.G. Wagner

SESSICN J: Structure, Surfeces, Crystallizetion (Room 2250, Young Hall)
Chzirmen: W. Geertsmz and H.S. Chen
. 4:0C pm J1 A.P. Copestake, R. Fvens, H. Ruppersberg, and
- W. Schirmacher: A MCLEL FCR THE STRUCTURE OF LIQUID
- Li(4)Pb




4:15 pm

4:30 pm

4:45 pm

5:00 pm

5:30 pm

5:45 pm
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Ji

J5

J€

J7

SESSION K: Bydrides

4:00 pm

4:15 pm

4:30 pm

4:45 pm

5:C0 pm

5:15 pm

Chairmen:
K1

K7
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M.L. Rosinberg, V. Russier, and J.P. Badieli:
THEORETICAL CALCULATIONS CN MFTALLIC SURFACFS--THF QCP
REFERENCE SYSTEM

M. Grimson and I'. Stroud: TCENSITY FUNCTICNAL
CALCULATICNS CF THE SURFACE TENSICN CF LIQUIC METALS AND
ALLCYS

H.G. Wagner, M. Ackermann, and U. Gonser:
CRYSTALLIZATION OF AMCRPHCUS METAL-METALLCID ALLCYS

K.V. Rao, K.A. Bertness, R. Aidun, S. Arejs, and

H.H. Liebermann: CRYSTALLIZATION PRCCESSES IN NITROGEN-
BEARING Fe-V-B-Si AMCRPHOUS ALLOYS--MAGNETIC, THERMAL, AND
TRANSPCRT PRCPERTY STUDIES

M. Mehra, R. Schulz, and W.L. Johnson: STRUCTURAL
RELAXATION AND CRYSTALLIZATICN BEHAVICR CF
Mo(0.€)Ru(0.4)(1-x) B(x) GLASSES

P.H. Kes and C.C. Tsuei: COLLECTIVE FLUX PINNING, A
PRCBE OF DEFECTS IN AMCRPHCUS SUPERCONDUCTING FILMS

(Room 22T7€, Young Hall)

B.C. Giessen and U. Koster
K. Samwer and W.L. Johnson: GLASS FCRMATION BY SOLIC-
STATE REACTION OF CRYSTALLINF Zr-X PHASES WITH HYCRCGEN,
AND STRUCTURE OF GLASSY HYLRIDES

K. Suzuki, N. Haysshi, Y. Tomizuka, T. Fukunaga, K. Kzi,
and N. Watanabe: HYDROGEN ATOM ENVIRCNMENTS IN HYCRCGENATEL
ZrNi GLASS

A. Williams, J. Eckert, X.L. Yeh, M. Atzmon, and
K. Samwer: INELASTIC NEUTRON SCATTFRING FRCM A HYDRIDE
OF THE METALLIC GLASS Zr(2)Pd

R.C. Bowmen, D.E. Etter, A. Attela, B.D. Craft,

J.S. Centrell, J.E. Wagner, and W.L. Johnson: CIFFUSION
PRCPERTIES AND PHASE TRANSITIONS CF THE METALLIC GLASS
a=-2r(2)PdH(x)

C.J. Sellmyer, M.J. O'Shea, and C.G. Robbins: MAGNETISM
AND HYDRCGEN ABSCRPTICN IN RARE-EARTH GLASSFS

K.8. Finocchiaro, C.L. Tsai, and BR.C. Giessen: HYDRCGFN
SOLUBILITY ANC YOUNG'S MODULUS IN Pd-Si METALLTC CLASSES
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Thursday, 1& August
1

1
SESSION L: Atomic Transport and Structural Relaxation (Room 225C, Young Hall)
Chairman: F. Spaepen and LC.J. Sellmyer
9:00 am L1 A.L. Greer: ATOMIC TRANSPORT ANC STRUCTURAL RELAXATION
IN METALLIC GLASSES (Invited)

9:35 am L2 T. Egami and V. Vitek: LCCAL STRUCTURAL FLUCTUATIONS AND
DEFECTS IN METALLIC GLASSES (Invited)

10:10 am L3 J.A. Leake, M.R.J. Gibbs, &. Vryenhoef, and
J.E. Evetts: ACTIVATICN ENERGY SPECTRA IN RFLAXATION--
CROSSCVER ANLC REVERSIEILITY

10:25 am L4 F. Sommer, H. Haas, and B. Predel: MICRCCALCRIMETRIC
INVESTIGATIONS CF STRUCTURAL RELAXATICN PHENOMENA IN
GLASSY BINARY TRANSITION-METAL ALLCYS

10:40 am Break

SESSION M: Application of Metallic Glasses (Room 2250, Young Hall)
Chairmen: F.E. Luborsky and L. Davis
11:00 am M1 R. Hasegawa: METALLIC GLASSES IN DEVICES FCR ENERGY
CONVERSION AND CCNSERVATION (Invited)

11:35 am M2 R.B. Ciegle: CHEMICAL PROPERTIES OF METALLIC GLASSES
(Invited)
12:10 am M3 R. Wang: CORRCSION RESISTANCE COF AMORPHOUS AND

CRYSTALLIZED Fe-Ni-Cr-W ALLCYS

12:25 am M4 A. Yokoyama, H. Komiysma, H. Inoue, T. Masumoto, and
H.M. Kimura: AN ACTIVE METHANATION CATALYST PREPARED
FROM Pd-Zr ALLOYS

12:40 pm Lunch

SESSION N: Atomic Transport (Room 2250, Young Hall)
Chairmen: A. Chamberod and J.A. Leake
2:00 pm N1 J.R. Cost and J.T. Stanley: KINFTICS OF STRUCTURAL
RELAXATION IN METALLIC GLASSES

2:15 pm N2 H.S. Chen and A. Inoue: SUB-Tg ENTHALPY RELAXATICN IN
PdNi ALLOY GLASSES

2:30 pm N3 A.I. Taub and J.L. Walter: SCALING THE COMPCSITICN
DEPENDENCE OF ATOMIC TRANSPORT AND STRUCTURAL RELAXATICN
IN AMORPHOUS ALLCYS

2:45 pm N4 B.M. Clemens, W.L. Johnson, and R.B. Schwerz:
THERMCCYNAMICS ANC KINETICS OF FCRMATICN CF AMCRPHOUS

Zr-Ni ALLOYS FORMEL BY SOLIC-STATE REACTICN COF THF PURE
METALS

LW

:CC pm NS H.A. TCavies and G.F. Gregan: INFLUENCE CF COMPCSITICN
{ AND THERMAL HISTCRY CN THE RELAXATICMN RFHAVICR CF SCMF
: METAL-METALLCIC GLASSES




.........
........

2:15 pm NE
3:30 pm

3:45 pm N7
4:00 pm Ng
4:15 pm N9

.......................

H. Kimura and T. Masumoto: PARTICLE-DISPERSICN HARDENING
OF AN AMORPHOUS Ni(78)Si(1C)BR(12) COMPCSITE

Bresk

F. Luborsky: CRYSTALLIZATICN KINETICS CF AMORPHOUS Co-Gd
RIBBONS AND FILMS

U. Koster: DIFFUSICN IN Fe-Zr-B METALLIC GLASSES
S.H. Whang: PREDICTION OF GLASS-FORMING ARILITY FCR SOME

BINARY AND TERNARY ALLOY SYSTEMS IN RELATION TC
EQUILIBRIUM PHASE DIAGRAM

SESSION O: Electronic Properties II (Room 2276, Young Hall)
Chairmen: E. Luscher and J. van Zytveld

2:00 pm 01
2:15 pm 02
2:30 pm 03
2:45 pm ol
3:00 pm 05
3:15 pm 0€
3:30 pm

3:45 pm o7

5:30 pm

D.G. Cnn, L.Q. Wang, Y. Obi, and K. Fukamichi: LOW-
TEMPERATURE SPECIFIC HEAT CF Fe-Zr AND Ni-Zr AMCRPHCUS
ALLOYS

S.J. Poon: FLUX FLOW RESISTIVITY AND CRITICAL FIELDS IN
AMORPHCUS SUPERCONDUCTCRS

U. Krey, R. Jeschek, and W. Fembacher: CN THE ELECTRCNIC
STRUCTURE AND ELECTRICAL RESISTIVITY OF GLASSY METALS

P.J. Cote and L.V. Meisel: APPLICATION OF DIFFRACTICN
MCCEL TC AMORPHOUS MgiZn

D. Nicholson, A. Chowdary, and L. Schwartz: PAIR
PISTRIBUTION FUNCTIONS AND THE ELECTRCNIC PRCPERTIES OF
LIQUID AND AMORPHOUS METALS

D.M. Kroeger, C.C. Koch, J.0. Scarbrough, and

C.G. McKamey: STABILITY AND ELECTRCNIC PROPERTIES OF
Zr-Ni GLASSES

Break

M. Takahashi, F. Sato, and S. Ishio: MAGNETIC PRCPERTY
CF LIQUID STATE IN AMCRPHOUS (Fe, Co, Ni)-B ALLOYS

Hollywood Bowl Concert and Picnic
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SESSICN P: Electronic Properties ITIT (Room 2250, Young Hall)

Chairmen: P. Cuwez and N.F. Mott

9:00 am P1 F. Cyrot-Lackmann: ELECTRCNIC STRUCTURE ANC PRCPERTIES COF
LIQUID AND AMCRPHCUS ALLCYS (Invited)

9:35 am P2 T. Fujiwara: ELECTRCNIC STRUCTURE CALCULATICNS FCR
AMCRPHOUS ALLOYS (Invited)

10:10 am P3 M.A. Tenhover: PHCTOEMISSICN ANC NUCLEAR RESONANCE
SPECTROSCOPY (Invited)

10:45 am Break

SESSION Q: Electronic Properties IV (Room 2250, Young Hall)
Chairmen: J. Durand and K.V. Rao
Q1 G.A.N. Connell, J.W. Allen, and R. Allen: THE
ELECTRCNIC LENSITY OF STATES OF AMCRPHOUS YTTRIUM-IRCN
ANC TERBITUM~IRCN BASED ALLOYS

11:0C am

11:15 Q2 P. Celhafen, U.M, Gubler, G. Indlekofer, R. Lapkae,
H.J. Guntherodt, C.F. Hague, V.L. Moruzzi, and

A.R. Williams: THE ELECTRONIC STRUCTURE OF MFTALLIC
GLASSES

11:20 W. Schirmacher and D. Belitz: THECRY CF PHONON-CONTRCLLED
CCNDUCTIVITY IN HIGH-RESISTIVITY METALS

11:45

Q4 Y. Kite and Z. Morita: THE ELECTRTCAL RESISTIVITY OF

LIQUID Fe-Ni, Fe-Co, and Ni-Co ALLCYS
Q5 J.B. van Zytveld: ELECTRICAL RESISTIVITY OF LIQUID
CHROMIUM

pm

12:15 Q€ A. Tschumi, T. Laubscher, R. Jeker, H.U. Kunzi, and

H.J. Guntherodt: ELECTRICAL RESISTIVITY AND HALL
COEFFICIENT OF GLASSY AND LIQUID ALLCYS

pm

12:30 M. Cutler and H. Rasolondramanitra: ACCEPTCR RAND

TRANSPORT IN Se-Te LIQUID SEMICCONDUCTCR ALLCYS

pm Q7

12: Lunch

45 pm

SESSICON R: Electronic Properties V (Room 225C, Young Hall)
Cheirmen: G.A.N. Connell and M. Cutler

2:00 pm R1 G.J. Morgan, G.F. Weir, and M.A., Howson: THE HALL FFFECT
IN AMCRPHCUS METALS

2:15 pm R2 L. Malterre, J. Durand, and G. Marchel: VALENCE
CONFIGURATICN CF CERIUM IN AMCRPHQUS Ce(1-x)S8i(y) ALLCYS

2:45 pm R2 J. Rivory, J.M. Frigerio, L. Nevot, and Tran Minh Duc:

CHARACTERIZATICN CF THIN FILMS COF AMCRPHCUS Cu(x)Zr(1-x)
USING CPTICAL AND ELECTRCN SPECTRCSCCPY

U VUl W WYY G WY W Y. S W Ty ey




3:00 pm

(W8

:15 pm

4:30 pm

Preak

Round-Table [Ciscussion: (Room 2250, Young Hall)

The Future of Meteallic Glasses: Research and Development

U. Gonser, F.E. Luborsky, and Y. Makino (Invited)
Closing Session (Room 2250, Young Hall)

Reception: Courtyard of Young Hall




SESSION A: EXPANDED METALS

3

METAL-NONMETAL TRANSITIONS IN L
PRESSURE. H. Endo, Kyoto Univers:t., K
Jaran.

ivoon liguids over ranges of temnerature
e sufficirently wide to 1nclude the

gas critical roint and the suwpercritical
especially interesting since there must
gnifrcant mod:ifications of the atomic and
1C structures under these conditions.

27 review 1s presented on the thermodynamic
and electronic rrorerties of the expanded Hg and
S, Whnen metallic Hy 1s transformed to a semi-
conducting state 1n rhe density range near 9 g cc,
the thermal rressure coefficient, which 1s Jdeduced
“rom the Jdata for couation-or-state, exhibit
anomalies i the volume variations. The addition
of a small amount of the elements with high-valencs
such as Bioand PLornto exvanded liaguid tlg brang
arcut substintial volume contraction and iarge
inTreas2 1n conductivity, whitch can be attributed
te the change the character of cohes:ion due to
the nrection of excess olectrons.  Near the
critical 1sochore (5.4 a '¢ccl, the abrupt changes 1n
the thermoelectric power and infrared absorution
coefiicrents of expandew lig are observed, which
suggest tnat there appears tnhomdgeneous fluid
state containing negatively charged clusters across
the critical 1sochore line.

Liguld Se near the cratical point transiorms
from semiconducting to metullic state by a sliqght
anplication of wressure, accompanied by a
substantial volume contraction. A useful structural
model for the metallic Se is provided by liquid Te
near the melting point. The large fluctuations of
dihedral angle 1n Se chain and increase 1n the
number of dangling bond at high temperature result
1n the collapse of chain structure and the
delocalized threefold corrdinated site similar to
liguid Te.

p s st e dbas Bbeint hbame dhite % auCEran i “AnbA il INARCE An SNNE B
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A2 THE NATURE OF THE PHASE TRANSITIONS IN FLUID
MERCURY. Leonid A, Turkevich and Morrel H, Cohen, Exxon
Research and Engineering Company, Linden, NJ 07036 USA

We review the experimental situation for expanded fluid
mercury and find current theoretical interpretations defi-
cien&. The vanishing of the Knight shift [1] at o = 8.9
g/cm” and the concomitant appearance of a gap in the reflec-
tivity (2] unambiguously rule out the Mott pseudogap and
compel an assignmegt of a true band gap for the insulating
liquid {p<8.9 g/cm>). On the vapour side, the dielectric
anomaly at p~3g9/cm” suggests the §ormation of clusters [3];
above the "Marburg line" {p>3g/cm”) a corroborating infrared
tail appears {4] in the optical absorption. lhe absence of
an accompanying increase in the d.c. conductivity suggests
that this clustering is due not to Lifshitz nucleation [5]
(as posited in [33) but rather to exgimer condensation, As
the density is increased (pc~5.89/cm ) the excimers merge
into an excitonic insulating liquid. The inhomogeneous
nature of this excitonic insu&ator is guaranteed by its high
compressibility for p<8.9g/cm” [6]. The metal-nonmetal tran-
sition occurs when the (primarily) 6p conduction band
overlaps sufficiently with the (primarily) 6s valence band,
so that normal metallic correlation of the electrons and
holes competes effectively with excitonic binding,

[1] U. El-Hanany, W. W. Warren, Jr., Phys. Rev. Lett. 34,
1276 (1975); W. W. Warren, Jr,, F. Hensel, Phys. Rev. 8
26, 5980 (1982).

[2] H. lkezi, K. Schwarzenegger, A, L. Simons, A, L.
Passner, S. L. McCall, Phys, Rev. B 18 2494 (1978).

[3] W. Hefner, F. Hensel, Phys. Rev. Lett. 48, 1026 (1982).

[4] F. Hensel, Ber. Bunsenges. 75, 847 (1971), H. Uchtmann,
F. Hensel, FFYETEE'IE?%EFE’E}E, 239 (1975); H. Uchtmann,
F. Hensel, H., Overhof, Phil. Mag, B 42 583 (1980).

[5] 1. M. Lifshitz, Sov. Phys.-JETP 26, 462 (1968); 1. M.
Lifshitz, S. A, GredeskuT, Sov. Phys.-JETP 30, 1197
(1970).

[6] G. Sch8nnherr, R. W. Schmutzler, F. Hensel, Phil Mag.
40, 411 (19793, E—
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SSION B: THERMODYNAMICS

> SYSTEMATIC ASPECTS OF THE THERMODYNAMICS OF LIQUID
ALLOYS OF TRANSITION METALS WITH NOBLE METALS. 0. J. Kleppa.
The James Franck Institute, University of Chicago, Chicago,
IL, 60637 U.S.A.

Although there has in the past decade been greatly in-
creased interest in the systematic aspects of alloy thermo-
dynamics, experimental information relating to this field
still is very limited. This is true in particular for alloys
of the early transition metals, which are often highly re-
active or very refractory or both. We have attempted to fill
part of this gap through systematic investigations of the
thermochemistry of alloys of transition metals with the noble
metals. A review will be given of the thermodynamic proper-
ties of solutions of first row transition metals in liguid
copper and in liguid gold.

THERMUDYNAMIC PROPERTIES UF UNDERGROOD LIQUID METALS
J. H, Perepezko and J. S. Paik, University of Wisconsin-
Madison, Department of Metalluryical and Mineral Engineeriny,
1509 University Avenue, Madison, Wisconsin 53706 USA.

In tne form of a droplet emulsion, fine dispersions of a
number of liguid metals and alloys have been undercooled by
substantial amounts (U.3-U.4 T ) pefore the intervention of
crystallization. For example, pure Hy, In, Sn and B1 can be
undercooled by 90°C, 110°C, 187°C and 227°C respectively,
Liguid droplets can be maintgined in the metastadble
undercooled state for extended time periuds without
significant crystallization. Under these conditions
difterential scanning calorimetry has been applied to
determine the heat capacity difference, ACp, between the
uyndercooled ligujd and crystalline solid and also the liquid
heat capacity, Cg As a ligquid droplet sample 1s cooled below
the wmelting point into the, underco.led reygime, no
discontinuity appears 1in the Cﬁ trend. With increasing
undercool ing both aCp and Cﬁ increase by an amount which 1is
greater than that given by a simple extrapolation of tne
equilidrium data. A simtlar behavior is observed in an
undercooled 1iquid eutectic Pb-81 alloy. The trend of
increasing c& with decreasing temperature 1mplies a reduction
in configurational entropy of tne liguid which may be related
to a model based on a redistribution of free volume. In
addition the heat capacity measurements allow for an accurate
determination of the free energy and the onset uf the
nypercooled regime which are useful 1n the evaluation ot the
crystallization kinetics.

The support of the NSF{UMR-79-15802) 1s yratetully
acknowl edged,
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me ot ing E =0 wbar. The OCP :ijult the.ry is
‘lenriy superdl rot the har: Sphere ariari ool the ry 0 or
the a:kalis. A meirting ~emperatur- macimun {0 32

potadsium. Discrepun-ies betwecr the wesis
inted and =xperimentally istermine h vk Hugonl t pressures
to 1 megabar rrobably arise rrom the Lcoral pseudorotential
approximation. Rubidium and cesfum have m-re :.mplex ;hase
diagrams lue <o the influence ¢f i-eiectronz. A semi-
empirical modification of the pseudopotential can account
jualitatively for the chase behavisr of these metmis.

*Worx performed under the auspices of the U.S. Department
¢f Energy by LLNL under contract #W-7¢05-Eng-+3

B4 FEASIBILITY AND STABILITY OF AMORPHOUS MATERIALS
AS A FUNCTION OF THE ENTHALPY OF FUSION

M. Cyrot, Laboratoire Louis Néel, associé a 1'U.S.M.G.,

C.N.R.S., B.P. 166X, 38042 Grenoble Cédex, France.

The feasibility and the stability of amorphous materials
are related to thermodynamical and dynamical properties.
The viscosity of the liquid state is an important factor
but in this paper we focuscd on thermodynamical properties
which favor the amorphous state. We first emphasize that a
small enthalpy of fusion is needed in order to facilitate
the amorphous state. This implies, as amorphous materials
are generally made of more than one compound that local order
is important in the liquid state. This makes the change of
entropy when quenching smaller as part of the entropy of
configuration has already disappears in the liquid state.
Also implied by this consideration is that the free energy
between cryvstalline and amorphous phase are very close.
Nucleation of the crystalline phase into the amorphous one is
thus difficult. We show that the depression of the fusion
temperature near an entectic is due to such properties of
the liquid state and thus faver the feasibility of an amor-
phous state.

85 AMORPHOUS La-Au ALLOYS FORMED BY SOLID STATE REACTION
OF THE ELEMENTAL CRYSTALLINE METALS. R. B. Schwarz* and
W. L. Johnson, California Institute of Technology, Pasadena,
CA 91125 USA, and B. M. (Clemens, General Motors Research
Laboratories, Warrencville, Ml 48090-9055 USA

Thin films of amorphous La]_xAuX alloys have been synthe-

sized by a novel solid state reaction of the parent metals in
polycrystalline form. The reaction is carried out under
isothermal conditions below the crystallization temperature of
the amerphous product. An alternating sequence of Au and La
layers with thicknesses 100 - 1000 A are prepared vapor deposi-
tion on glass substrates kept at 0°C. The multilayers are
subsequently annealed in vacuum for several hours at 80°C.
With increasing average La content, the end product of the
reaction is: a) Au plus amorphous LaAu, b) single phase
amarphous LaAu, and ¢) La plus amorphous LaAu. The average
molar roncentrations in the multilayers which separate these
reqimes are predicted by a proposed metastable free energy
diagran model The kinetics which underlie the amorphous
phase formatinn will be discussed

*On Yeave fram MST Divicion, Araonne National Laboratory,
Argonne, 1L A1d39
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cl HICYER~ORDER CORRELATION EFFECTS ON THERMODYNAMIC AND
ELECTRONIC PROPERTIES OF LIQUID ALLOYS. M. Shimoji, T. Itami
and S. Takahashi. Department of Chemistry, Faculty of
Science, Hokkaido University, Sapporo 060, JAPAN.

The structure of liquid metals and alloys can be inter-
preted microscopically in terms of the concept of pair corre-
lation functions for the fonic configuration. The electron
theory coupled with this formalism has made marked successes
in understanding the properties of simple liquid metals and
alloys, for which the nearly free electron approximation
holds. However, there are still some exceptional results
which are unable to be understood from this well established
point of view; examples can be seen in anomalous results of
the thermoelectric power of liquid mercury-alkali metal
alloys. It has been pointed out in an earlier paper [1] that
such anomalous electronic properties of liquid mercury-alkall
alloys can be related closely to the higher-order correlation
effects in the ionic configuration, which reflect in charac-
teristic temperature variations of transport coefficients or
thermodynamic functions. Experimental results for the ther-
moelectric power of liquid Hg-Li alloys are briefly reported
here, and are compared with earlier data for other mercury-
alkali illoy systems.

It is also emphasized that the mercury alloy systems show-
ing such electronic anomalies can be characterized thermo-
dynamically as a group by examining the data of excess ther-
modynamic functions, in particular heats of mixing. The
higher order correlation effect would arise from local struc-
tural features caused by energetic interactions between the
component atoms or charge transfer.

[1]) Itami T, Wada T and Shimoji M 1982 J. Phys. F: Met. Phys.
12 1959

ANDED 1 I07ID JHSITM.  W.W. Warren,
, i L F L Erennert, bell Laboratories,

ToTd USA

NMK STULIE3 OF
1- .
varray woll, N

~

C
‘1

We have applaied haigh temg crature~iagh pressure nuclear
majnetil reschanty (NMR) teohniques te Srvestigate the
statio and Jynamic magnetic paoperties of exparded 14
tum.  cur measurcments of the Knight shifts and nuclear
relaxaticn rates extend to 140770 at 1.7 bars and oover
‘he density range 1. % <. < 1.2 g cm~ ¥, At lower tempera=
tures, pressure dependences up to 3¢ bar were measured.

it the high density lijuid rear the melting §-ant, the
Lsobkar: - temperature Jdeperdence o { the ¥night shift s nega=
v .ove while the 17 thermal pressure dependence is positive.
“e-low about 1.9 g em~3, however, both these dependencc
Jnanrge sign. The lnoreasing shift at low denwity correlates
~ed tutal magnet o susceptibility reported by
freyland,t results ohiw that the enharcement 1s dut
jredominantly to the effects £ volume cxpansion .t the ~on-

EIeR

actio the o

lgotion, e lecteorn spin susceptilbilaty.
cmparas o r f the variation of the ¥rnight shiit with that
surceptibtility vields the first .ndication

-t the conduction cletron density

. expanded metal,  We find that R TSR R
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S. Takeda, S. Matsunaga and S, Tamaki, Niigata University,
Niigata 950~21, JAPAN

The magnetic susceptibility of liguid Na-IVb alloys has
been measured as a function of temperature and concentra-
tion. The susceptibility isotherm of liquid Na-Sn alloys
has a deep minimum at the composition of Na,Sn. in the
temperature range near the liquidus point, and”its minimum
gradually moves toward the equliatomic composition, NaSn,
with increasing temperature. This suggests that there has
a dissociation process, Na,Sn.—=> {4 - c')Na + (3 - c¢'})Sn
+ c'NaSn, with increasing temperature. Liquid Na-Sn
system has also another compound-formation near the compo-
sition of Na_Sn, which is confirmed by thermodynamic meca-
surements (Tamaki et al, 1982).

On the other hand, the susceptibility isotherm of
liquid Na-Pb alloys deviates somewhat from a linearly
interpolated curve and its largest deviation appears near
the composition of Na Pb.

From these, it is inferred that the chemical bonding
nature in liquid Na-Sn alloys 1is considerabtly different
to that in liquid Na-Pb allc/s.

Tamaki S, Ishiguro T and Takeda S, 1982, J. Phys. F: Metal
Phys., 12, 1613
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SPECIFIC HZAT AND TOF NEUTRON DIFFRACTION MEASUREMENTS 1IN
MOLTEN Bi-3iI3 MIXTURES. K.

Ichikawa, lepartment of Chemistry, Universitv of Hokkaido,
Sapporo 060, Japan

Current interest in molten metal-salt solutions has
brought about the study of microscopic properties and the
metal-nonmetal (MNM) transition, using the techniques of
neutron scattering and NMR. The heat-capacity measurement
may be of considerable value in connecting the thermodvnam~
ics with the structural or chemical bonding property. This
paper focuses on the Cp and TOF neutron-scattering measure-
ments in the molten Bi(xp)-Bil: mixtures (or liquid BiyxIj.y
alloys).

Measurements of the high-temperature heat capacity C
have been made with an adiabatic calorimeter. Calorimeter
operation was tested by measuring C, of standard synthetic
saphire (99.99 weight % purity) between 50°C and 500°C.

Our results of svnthetic saphire agree with the selected
values within an experimental uncertainty of *1.0%. This
agreement is sufficient for our present purpose. The
samples were sealed under vacuum in quartz cell with a dead
space of less than ca.1.5x10"" m'. The total structure
factor 5(Q), for the nine compositions in the liquid state,
was measured with pulsed neutron scattering method using the
Hokkaido University Electron Linac. The observed Cp shows
a maximum value at ca.55 mol% Bil: (or 42.5 at” Bi), just
above the concentration of which the abrupt increase of the
Bi-B{ distance takes place,and below the consolute composi-
tion (i.e., 62.5 at% Bi) the curve of S{{) shows a tendency
towards small-angle scattering produced bv the microscopic
inhomogeneity in the molten mixtures. The peak observed

in €, vs xg (or x) results from the appearance ot the
bismuth homopolyatemic fons because of their vibrational
and rotational contributions. The clusters composed ot the
Bi species give rise to the continuous metal-nonmetal
transition between 40 and 60 at? Bi, associated with the
change of the structural and bonding pattern in the polyv-
bismuth clusters.
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METAL-NONMETAL TRANSITION IN CHARGL TRANSFER ALLOYS
AND METAL-MOLTEN SALT SOLUTIONS. Judv R. Franz, Indiana
V'niversitv, Bloomington, IN 47405, USA.

A theoretical model, first developed to explain the
metal~nonmetal transition in dilute alkali svstems, has been
applied to liquid and amorphous charge-transfer allovs and
metal-molten salt solutions. The model is based on the
quantum percolation Hamiltonian, H = Tt 3€3C4» where ty is
a hopping parameter which varies randomiy %rom site to éite.
The model thus emphasizes the disorder in the system and,
in particular, the disorder in the coordination number. A
sharp metal-nonmetal transition is predicted for all systems
with a high degree of charge transfer. Densitv of states
and conductivity calculations for model sygtgms will be
presented and compared to previous results '“ obtained using
the cluster-Bethe lattice technique. Similarities and
differences between the charge transfer allovs and the dilute
alkali systems will also be discussed.

J.R. Franz, F. Brouers, and C. Holzhev, J. Phys. F: Metal
Phys. 10, 235 (1980).

“C. Holzhey, F. Brouers, and J.R. Franz, J. Phys. F: Metal
Phys. 11, 1047 (1981).

STRUCTURAL IMPLICATIONS OF THERMODYNAMIC
MEASUREMENTS IN LIQUID ALLOYS.  Marie-Louise Saboungi.
Chemical Technology Division, Argonne National Laboratory, Argonpe,
Hlinois 60439 USA

A tendency for a metal to nonmetal transition has been known
to occur in some liquid alloys at a composition corresponding roughly
to the ratios of the chemical valencies of the constituent atoms. The
behavior of dilute solutions was examined to determine the influence
of the ordering known (o accompany the MNM transition. In dilute
solutions, the magnitude and temperature dependence of the siope of
the activity coefficient of the solute are related to statistical mec ani-
cal correlation functions and to the relative attractions or repulsions
existing between the solute atoms.Thermodynamic properties of liquid
sodium and lithium containing alloys have been measured . Analysis of
the activity cvefficient of either sodium, or lithium in dilute solutions
has been conducted within the framework of a statistical mechanical
theory developed by Kirkwood and Buff.! The first derivative of the
logarithm of tgne activity coefficient of the solute is related to integrals
of the pair radial distribution function of the species present in solu-
tion. In all the systems that we have studied it is shown that (i) the
sign of the limiting slope is positive and (i) its magnitude is relatively
small .The positive sign indicates a relative repulsion between the solute
stoms and an atiraction between the unijike atoms. The fact that even
for systems such as Na Bi.Z and Na Pb. the limiting sloﬁe is smaljer
than a coordination number of a molten salt, e.g.. 6 could be explained
by screening which decreases the effective range of the coulomb repul-
sions between charged alkali atoms. Electronic shielding appears to be
an important factor which, to a certain extent decreases the tendency
toward unlike atoms to pair and like atoms to repel.

References

1. J. G. Kirkwood and F. P. Buff J. Chem. Phys.19. (1951). 774
2. M. L. Saboungi and T. P. Corbin Submittted for publication
3. M. L. Saboungi and S. Herron (in preparation}
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OPTICAL REFLECTIVITY OF MOLTEYN Us‘(tsC])]_x ALLOYS. *
R. Fainchtefin, U. Even** and 1.C. Thompson, University of
Texas at Austin, Austin, Texas 78712 USA

Normal reflectance of 11 Cﬂx(CsCl)l_x allovs were
obtained. The measurements were performed 25°C above the
liquidus curve over a 0.65 to 5.5 eV range. A large drop in
the reflectivity was observed over a small range of concen-
tration: from a metallic regime for x > 0.98 to an apparent
insulating state for x < 0.85. Reflectivities of less than
0,10 were obtatned for photon energles above 1 eV for x s
0.85. The metal-nonmetal transition is sharp and well marked
in the optical data. However, reported measurements of
conductivity for similar allovs! [KX(KBr)l_x] varv only from
17 % 10% to 7 x 107 ohm™'em™! on tha 0.90 2 x < 1.00 range.

*Supported in part hv the US NSF under grant DMR 78-21744
and by the R.A. Welch Foundation.

**Present address: Tel-Aviv Universitv.

Ty, R, Bronstein, A.S. Dworkin and M.A. Bredig, J. Chem.
Phys., 37 677 (1962).

C# STRUCTURE AND MODEL OF METAL -MOLTEN SALTS SOLUTIONS
IN METALLIC TRANSPORT REGIME

JDUPUY®, J.F. JAL*, J. CHABRIER* , P. CHIEUX**,

The structure of an alkali metal is strongly pertur-
bed by the addition of a molten salt as already shown in
LAM 4. Neutron diffraction experiments give a direct access to
the short range or the medium range order in these systems. In
particular the use of a pair of atoms with identical coherent
scattering lengths gives the density-density correlations.
Tris is werified for the systems Cs-CsI, Rb-RbBr and K-kC137
which we have investigated at concentrations of about 90 % and
80% in metal fraction, i.e. in the metallic conduction regime.
We have also investiqated the isotoped K-KC1 systems at 80 %
in metal fraction,

As compared to the pure metal one observes that the
first interference maximum in Syy !ql and the first inter-
ference maximum in SMeta)-Metal !q! are strongly reduced and
becomes out of the phases with the second maximum, The jonic
short M* X~ distance characteristic of the salt is obtained at
guite iowsalt content. This indirectly increases the free
volume accessible to the metallic atoms, The medium range
order as detected from the strong small angle scattering
observed on the Syy g curves is attributed to a strong

coupling between the density and the concentration fluctuations.

We present and discuss a multicomponent plasma model
and give first very promising results deduced by M.S.A. and
H.N.C. methods. The approach by plasma model based on statis-
tic methods is more powerful than the one deduced from solid
state description,

* Département de Physique des Matériaux, L.A. 172
Université Claude Bernard - Lyon Villeurbanne (France)

** Institut Laue Langevin - Grenable (France)




SESSION D: ELECTRONIC PROPERTIES I

o1 ELECTRON-PHONON ENHANCEMENT AND THE THERMOPOWER OF
NiZr METALLIC GLASSES. R. Harris, Physics Department,
McGill University, 3600 University Street, Montreal, Quebec,
Canada H3A 2T8. and A.B. Kaiser, Physics Department,
Victoria University of Wellington, New Zealand.

We show that the thermopower of several NiZr metallic
glasses measured by Altounian et al. (1) is consistent with
the hypothesis that the low-temperature thermopower is
enhanced by the electron-phonon interaction and by spin
fluctuatjon effects. The temperature dependence of the
electron phonon enhancement appears as the well known "knee"
in the thermopower (1,2,3), but the temperature dependence
due to spin fluctuations would appear only well above room
temperature. The analysis suggests that the electron-phonon
enhancement is largely independent of concentration.

(1) 2. Altounian, C.L. Foiles, W.B. Muir and J.0. Strom-

Olsen, Phys. Rev. 27, 1955, 1983,

2) B.L. Gallagher, J. Phys. F11, L207, 1981.
3)

(
(3) A.B. Kaiser, J. Phys. F12, 1223, 1982.

74 TRANSPORT-PROPERTIES OF METALLIC GLASSES
AT HIGH PRESSURES. E. Lischer, J. wWiller, TU
Minchen, Garching, Germany, and G. Fritsch, HSBw
Minchen, Neubiberg, Germany

We report on the pressure and temperature de-
pendence of the electrical resistivity of several
amorphous alloys. The pressure range covered ex-
tends from zero to 130 kbar. The temperature is
varied simultaneously betwee 1,3 and 300 K. Data
for metal-metal, metal-transitionmetal, transition-
metal-transitionmetal, as well as transitionmetal-
nonmetal alloys will be presented.

Whereas t-e temperature dependence of the al-
loys, belonging to the first three groups is ne-
gative, the transitionmetal-nonmetal-alloys exa-
mined show a positive temperature coefficient at
high temperatures and a negative one at low tem-
peratures. The pressure dependence of the metal-
metal alloy turns out to be positive contrary to
the behaviour of the metal-transitionmetal or
transitjionmetal-transitionmetal alloys which exhi-
bit a negative pressure dependence. Finally, the
transitionmetal-nonmetal group possesses a pressure
dependence, varying from almost zero to negative
values.

The behaviour of all these groups will be dis-
cussed within existing theories.

03 THE THERMOPOWER OF SUPERCONDUCTING AND MACNFTIC Fe-Ir
GLASSES. W,B. Muir, 2. Altounian, J.0O. Strom-Olsen, McGill
University, Physics Department, 3600 University Street,
Montreal, Quebec, Canada H3A 2T8 and R.W. Cochrane,
Universite de Montreal, Montreal, Quebec, Canada.

Thermopower has been measured from 4K to 600K in a wide
range of Fe-2r glasses. At the Ir rich end where the glasses
are superconducting the thermopower is approximately linear
in temperature with small deviations caused by electron mass
enhancement effects similar to those seen in Ni-Ir(l).As the
Fe concentration increases the alloys become magnetic rather
than superconducting and the thermopower becomes very non
linear changing sign with temperature in some cases. The
behavior through the Curie temperature suggests that these
non linearities are not caused directly by the magnetism
but probably reflect the strong enhancement of the density
of states.

(1) Z. Altounian, C.L. Foiles, W.B. Muir and J.0. Strom-
Olsen, Phys. Rev. Bl7, 1955 (1983}

D4 TEMPERATURE DEPENDENCE OF RESISTIVITY OF AMORPHOUS
METAL-METAL SYSTEMS WITH WIDE COMPOSITION RANGES* C. 1.
Chien and S. H. Liou, The Johns Hopkins University, Baltimore,
MD 21218 USA

We have studied a number of binary, amorphous transition
metal-metal solids made by a sputtering technique over a
wide range in composition. These include Fe-Zr, Fe-Nb,
Fe-Ti, Fe-Mo, Ni-Nb, etc. These samples may be magnetic,
non-magnetic or superconducting. By varying the composi-
tion, the temperature dependence of the resistivity changes
systematically, thus allowing the various contributions to
the resistivity to be elucidated. Within the temperature
range of 2 K < x < 300 K, the temperature coefficient of
resistance (TCR) of most samples changes sign. This indi-
cates contributions with opposing temperature dependences.
For the non-magnetic samples, a term proportional to T,
attributed to electron-phonon scattering, and a term with a
negative TCR give rise to a resistance maximum. For the
magnetic samples, a resistance minimum and a -InT term at
low temperatures are observed. The -I1nT term, attributable
to the Kondo mechanism, is not however responsible for the
resistance minimum occuring at high temperatures. Various
models for negative TCR terms are discussed and compared
guantitatively by fitting the experimental data.

*Work supported by the NSF Grant No. DMR82-05135.
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THERMO-POWER QOF RAPIDLY QUENCHED Fe-RICH Fe-2r
AMORPHOUS ALLOYS. .4, Fhugrnagme, A Zapugrasad, University
of Hyderabad, Hyderabad, India, ... A:-, 3M Laboratories,
St. Paul, MN 55144, and x. . Tohoku University,
Sendai, Japan.

SlemamT ol

The magnetic and transport properties of amorphous fe-rich
Fe-Zr alloys are unusual: The Ferromagnetic transition
temperature, Tc, plotted as a function of Zr concentration
exhibits a broad maximum around 20 at .% Zr with a T¢ =280K;
for the Fe-rich alloys T decreases rather sharply indicating
a possible non-magnetic state for pure amorphous Fe; at
temperatures below T¢, a spin-glass-like behaviour has been
reported! for alloys with 8-127at .% Zr; the electrical resis-
tance increases below around T, and has a negative temperature
coefficient down to helium temperatures. In addition, thermal
expansion curves for these Fe-rich alloys have been found to
show typical invar characteristics? below TC. In order to
understand these properties in detail we have measured the
thermo-power, in the temperature range 80 - 400 K, of rapidly
quenched Feqglri,, and Fey1Zry amorphous alloys obtained from
the same batch of samples that were used in the above mentioned
studies. The thermopower for both the alloys is found to be
negative (in the range -2 to -4uV/K), and has a negative temp-
erature coefficient indicating a contribution of magnetic
origin. In the FeqoZry, alloy a small change in slope is
observed below Tc, with the thermopower increasing at lower
temperatures. In both the alloys the observed S{T) behaviour
between 120K and 250 K is found to be similar to that reported
for amorphous FegyB,o alloy which is also known to exhibit
invar characteristics.® These results can be explained in the
frame work of the Coherent-exchange scattering model, and are
consistent with recent electrical and magneto-resistance
studies on the same samples.

1 H.Hiroyoshi, and K. Fukamichi, J. App. Phys. 53(3), 2226 (1982)
2 K. Shirakawa et al IEEE trans. MAG-16, 310 (1337)
3 M.N. Baibich et al, Phys Letters 734, 328 (1973).

DC ELECTRIC PROPERTIES OF Nijnn-xBx and Ni.j.c
Byyg.4=vPy METALLIC GLASSES.
L.K. Varga, A. Lova, J. T6th, Central Research Institute
for Physics, 1525 Budapest P.0. B.49 Hungary, and S. Arajs,
Clarkson College, Potsdam, New York 13676

Measurements of the electricil resistivity, », from
4,2 K to room temperatures and the temperature coefficient of
the resisitivity, TCR, and the thermoelectric power, TP, at
room temperatures are reported for nonmagnetic Ni-base
metallic glasses, Nijpg-xBx and Nig; . sByg,s-yPy, for values of
x between 18.5 and 40.0 and y between 0 and 18.5. It is found
to be difficult to prepare the Ni-B system free of remanent
crystals.

The TCR decreases and the TP increases almost linearly
with the P content in the Ni-B-P system similarly to the be-
havior found in the Ni-P system (1,2).

The ¢ minimum in the Ni-B-P system is an order of magni-
tude smaller than in alloys containing magnetic impurities.
The minimum is displaced systemically with increasing P/B
ratio.

The above metallic glasses satisfy the Mooij correlation
between the TCR and o.

References

1. L.K. Varga, K. Tompa, T. Schmidt, phys. stat, sol. 68,
603 (1981).

2. L.K. Varga and T. Schmidt, phys. stat. sol. (a) 74,
279 (1982).
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SESSION E: STRUCTURE I

£l DIFFRACTION STUDIES OF LIQUID AND AMORPHOUS ALLOYS.
S. Steeb

Max-Planck~Institute for Metal Research, Institute for Mate-

rials Science, SeestraBe 92, 7000 Stuttgart-1, Germany.

From n, x, e diffraction experiments with molten alloys
total structure factors $ as function of momentum transfer Q
can be evaluated, which themselves yield important features '

i) A rise of S5(Q) versus small Q's, i.e. small angle scatter-
1ng, indicates segregation tendency.

ii) A premaximum indicates compound forming tendency.
1ii) A splitting up of the second maximum of S(Q), which was up
to now observed with tne Fe-B, Ni-B, and Mn-Si systems, in-
dicates that the corresponding melt rather probably forms
amorphous substances during rapid solidification.
Detailed structural information is obtained ry the so called
partial structure factors which yield the following items:

1) Quantitative information concerning the chemica’ short
range order.

ii) The possibility to calculate various physical properties.
1i1) The possibility to check models.
The author will give a review on the progress which was done
in the field of diffraction experiments with liquids and
amorphous materials since LAM 4 in 1980.

£ MICROSCOPIC STUDIES OF DYNAMICS IN LIQUID
AND AMORPHOUS ALLOYS

D. Quitmann, Institut flir Atom- und Festxk&rperphysik

Freie Universitdt Berlin, D1000 Berlin 33, Fed. Rep.

Germany.

The report shall be concerned with experimental
information about dynamics of the matrix atoms in
binary liquid or amorphous alloys. The technigues
anplicable are inelastic (quasielastic) neutron
scattering and nuclear spin relaxation. The inter-
connection and differences are pointed out. Three
examples from the literature will be discussed which
represent collective motion in a metallic glass, and
single particle as well as correlated motion in
liquid alloys with chemical short range order.
Emphasis will be on the liquid systems (LigPb, InSb
etc). The close relation between structure and
dynamics, i1.e. excitations, is stressed. Existing
model calculations compare favourably with experi-
ment. From the results for the examples emerges a
picture for the dynamics in the stable amorphous,
and in the ligquid state, the general features of
which may be expected to apply to many disordered
metallic systems,

uf the existing literature we can quote here only
a few papers to which reference will be made:

J.B. Suck, H. Rudin, H.J. Glintherodt and H. Beck:
Phys. Rev. Lett. 50 (3) 49; J.B. Suck and H.
Rudin, 1n the press.

J. Hafner: Phys. Rev. B27 (83) 678, and J. Phys. C
1n print

M. Soltwisch, D. Cuitmann, H. Ruppersberg and J.B.
Suck: Phys. Lett 86A (B1) 241, and in the press

M. Elwenspoek, R. Brinkmann, P. Maxim, C. Paulick
and D, Quitmann: Ber. Bunsenges. 1983

£3 CAPABILITIES AND LIMITATIONS OF EXAFS
FOR AMORPHOUS MATERIALS. G. S. Cargill Ill. IBM T. J.
Watson Research Center, Yorktown Heights, NY 10598, USA

This paper provides a critical overview of the role of EX-
AFS in determining the structures of amorphous materials, partic-
ularly amorphous metallic alloys. Both measurement techniques
and analysis procedures are described. The importance of peak
as..imetry and of thermal vibrations in complicating interpreta-
tion of experimental EXAFS data is discussed. The use of crystal-
line model systems in evaluating EXAFS experiments on amor-
phous alloys and in testing the reliability of usual EXAFS analysis
procedures is reviewed. EXAFS results for amorphous alloys are
compared with structural data obtained by other techniques.
Competing and complimentary aspects of EXAFS, x-ray scatter-
ing, and neutron scattering for structural characterization of amor-
phous alloys are assessed.
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i THE NATURE OF THE GLASS TRANSITION. Morrel H, Cohen
and Gary S. Grest, Exxon Research and fngineering Company,
Linden, NJ 07036 uSA

In this paper. we review the recent progress that has been
made towards developing the free-volume model into a unified
theory of dense liquids, glasses and the glass transition,

We present results on nonequilibrium phenomena and on the
origin of the dispersion of relaxation times observed in
dense liquids and glasses near the glass transition tempera-
ture. We propose an explanation of the low temperature
tunnelling centers observed on glasses which agrees with
observations of the dependence of the density of states on
glass transition temperature and annealing temperature. We
also discuss generalization of the model appropriate to wider
classes of materials than is the free volure model itself,

F2 COMPUTER GLASS TRANSITION
F.Yonezawa, Keio University, Yokohama 223 Japan and M.Kimura,
Tokyo Institute of Technology, Tokyo 152 Japan

By means of the molecular dynamics technique, we have pre-
pared computer glasses and studied the structural, thermody-
namic, transport and dynamical properties of the obtained
glasses in comparison with those for corresponding liquids
and crystals. The computer glasses have been produced by
quenching under constant pressures several model liquids cha-
racterized by various interatomic interactions.

The physical properties we have observed of our computer
glasses include:

[1] Structural properties
1) g(r):Pair distribution function
2} S(q):Structure factor
DI] Thermodynamic properties
Y PvT :Equation-of-state data(isobars in v-T plane)
2) ap :Isobaric thermal expansion coefficient
3} H  :Enthalpy
4) cp :Specific heat at constant pressure
5) cy :Specific heat at constant volume
6) x k1 :lsotherma} compressibility
(I Y Dynamical properties
1) y(t):Velocity autocorrelation function (VAF)
2) f(w):Power spectrum
{N] Transport properties
1)’ D :Diffusion constant(from VAF and from mean square
displacement)

2) v :Shear viscosity(from stress autocorrelation function)

[v] Microscopic information of the atomic distributions

1)g(r) :Pair distribution function cf time-averaged atomic

positions

2) Voronoi analyses

We have examined these physical properties in detail to
elucidate the mechanism of the glass transition. In this con-
text, we discuss the free volume concept and the cage-struc-
ture idea. Potential dependence of the glass transition and
glassy structures is also investigated.

ra

A PICOSETOND FULSED LASER-INDUCED MELTING AND GLASS
FORMATION TN METALS. Frans Spaepen, Chien-Tung Lin and
David Turnbull, Division of Applied Sciences, Harvard
University, Carbridge, Massachusetts 02138, U.S.A.

Irradiation of a1 metal surface with a picosecond laser
pulse can produce heating and cooling rates as high as
1015K/second {1}, which is an entirelv new regime for the
studv of melting, crvstal regrowth and glass formation in
metals. The thermodvnamics and kinetics of these transforma-
tions, together with the atomic transport in the short-lived
molten state, will be discussed [2].

The high cooling rates in this process have led to the
formation of new metallic plasses [3]. The experimental
technique for obtaining and characterizing these glasses, a
survey of the resulis, and the criteria for glass formation
under these conditions will be reviewed.

(1] N. Bloembergen, in "Laser-Solid Interactions and Laser
Processing,’ ed. by S.D. Ferris, H.T. Leamy and J.M. Poate,
AIP Conf. Proc. 50, (1979), p. 1.

{2} F. Spaepen and D. Turnbull, '"Laser annealing of semi-
conductors,” ed. by J.M. Poate and J.W. Mayer, Academic, New
York, (1982), p. 15.

[3] C.J. Lin and F. Spaepen, Appl. Phys. Lett., 41, 721
(1982).

Work supported by the Office of Naval Research, Contract
NO0014-83-K-0030.

Fa REVERSIBLE TRANSFORMATIONS OF SHORT-RANGE ORDER IN
COBALT-BASE AMORPHOUS METALS. R. C. O’'Handley, B. W.
Corb and N. J. Grant, Massachusetts Institute of Technolo—
gy, Cambridge, MA 02139 USA

Co-Nb-B glasses show a reversible change in magnetic
anisotropy (with no change in saturation magmetization) upon
thermal cycling about a t:nnsformatxon temperature T . In
amorphous Co = 108°C and the kinetics of tramsfor
wmation from e ﬁxgger anisotropy state (T < T ) to the lower
anisotropy state (T > T o)+ or vice versa, become more rapid
with increasing|T - T labove or below T,. The temperature
dependence of the aclivation e energy is well described by the
linear relation Q(T) = Q) - QT - T,f, where Q, = 0.15 eV
and Q, = 1.5 meV/K. We model the tramnsforamation by comsid-
ering %he short-range orders in the glass to be similar to
those in clusters of icosahedral, trigonal and octahedral
symmetry (the latter two by analogy with hcp and fcc Co-base
alloys). Assuming the transformation to consist of a change
in local symmetry from trigonal-like (T < T o) to
octahedral-like (T > T ), and using the change in entropy for
the hcp (trigonal) - f2c (octahedral) transformation in crys~
talline «cobalt, AS = 0.15 cal/mole, we can estimate that a
critical cluster for our transformation contains approximate-
ly 200 atoms (& sphere 17 A in diameter). DSC results indi-
cate a latent heat for tbe transformation of approximately §
cal/mole. This is 10% of the value expected if the entire
sample transforms from hcp-like to fcc-like short-ramge or-
der. Group theoretical arguments support the greater
anisotropy of trigonal «clusters relative to octahedral
clusters, consistent with the higher anisotropy we observe in
the T < To phase .

This work was supported in part by U. S. Army Research
Office Contract No. DAAG-29-B0-K-0088.
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FS REVERSIBLE . ND NON-REVERSIBLE EFFECTS IN RELATION
TO SHORT RANGE ORDERING : A KINETIC ANALYSIS IN
Ni, 2rq6.
J. Hillairet, E. Balanzat, N,E, Derradji, A. Chamberod,
Centre d'Etudes Nucléaires de Grenoble, Département de Recher-
che Fondamentale, Section de Physique du Solide, 85 X,
38041 Grenoble Cedex, France.

The detection and analysis of the evolution of local order
by use of resistivity methods combined with heat and quench
cycles is discussed. Application to Nij;.Zr;g alloys prepared by
melt-spinning and sputtering is presented, In both cases, a re-
versible variation of the electrical resistance with anneal
temperature could clearly be separated from a non reversible
resistance decrease, Comparison with elastic modulus measure-
ments conducted in the same materials, for which a reversible
effect has been evidenced also, leads to consider that this
reversibility is reflection of the thermodynamical variations
of the (metastable) equilibrium degree of compositional short
range order, while the non-reversible term arises from a dis-
tinct ordering process, mostly topological in character. Length
measurements of the dimensional variation which take place du-
ring structural relaxation have brought further indications a-
bout the ordering processes being operative.

The kinetics of the reversible effect has been analyzed in
some detail, according to a scheme already proposed [1]. Just
like for CusgTisg and Ni3sTigs, one is led to conclude to the
existence of ordering domains, in Nij,2r7g, each characteri-
zed by a specific relaxation rate and evolution degree of com-
positional short range order. Atomic jump rates have been de-
rived also. Finally, the influence of the amorphisation pro-
cess on the initial structural state will be considered.

[1] E. Balanzat, J. Hillairet - J. Phys. F, |2, 2907, 1982,
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neutron zero-scattering Ni o
with € Ni-isotope. The S ?Q\ and S
neutron and X-ray S{Q) of’ N1 glass using the S __(Q)
obtained above. Finally, the g ?

transformed into the § i) l(Q), §N . (@) dnd S ( as shown
below. A drastic featUré existing in the parzla structures
of Ni glass is a large peak situated at Q-1.9 A~ -1 in

S ?8), which has never been observed in metal-metal alloy
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[ EXPERIMENTAL DETERMINATION OF PARTIAL STRUCTURES
IN N1, Ty SLASS

6
T.Fukunaca, N.Watanabe* and K.35uzuki
The Research Institute for Iron, Steel and 2ther Metals,
Tohoku University, Sendai 980, Japan
*National Laboratory for High Ener Physios,
Oho-machi, Tsukuba-gun, [baraki-ken, 305, Japan

The partial structures of Nx T1 glass in terms of the

atomic species-atomic species porre.ldtxons and the dens ty-
concentration correlations were experiemtally derived from
the combination of X-ray and neutron diffraction experiments.
The $..{Q) was first observed by neutron diffraction from a

qlass substituted partially
Q) were separated from

N S _(Q) and § (Q? were

NiNi glasses so far.

8 - NikcTIs0 Alloy Giass

3 I \ ~ Ni=Ni

™

. (Q)
1

1]
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62 STRUCTURE OF AMORPHOUS Ni3glgs. Alfred Lee, George
Etherington and C.N.J. Wagner, Department of Materials Science
and Engineering, University of California, Los Angeles, Cali-
fornia 90024.

The structure of amorphous Ni3sZrgs has been determined
using X-ray and neutron diffraction techniques. The variabie
2 method was used with X-rays and the variable A method with
neutrons. X-rav and nuetron structure factors !(K) were
measured from a MNizglrgs sample, and in addition an X-ray

structure factor was measured from a sample of the structurally

isomorphous alloy NijgZr3shfig. The three experimentally
measured structure factors were used to determine the partial
structure factors I,J(K, using the method of ridge analy-
sis [1]. Fourier transformation of the I-j(K) yielded the
partial atomic distribution functions cj; E ). The partial
reduced atomic distribution functions Gj( show that the
nearest neighbor interatomic distances f&r N1 Ni, Ni-Zr and
Ir-7r pairs are 2.67 A, 2.67 A ard 3,16 A, respectively, A
comparison of the Ni-Zr separation with the sum of the atomic
radii in the pure metals suggests chemical ordering in
arorphous Ni352r65.

{11 A. Hoerl, Chem. Eng. Progr. 58 (1962) 54
*Supported by NSF contract DMR8N-07935

i E NUTONTHLE BEIWEEN S A 0 cenbi AL BLLe VAT TORS
ANDOINTULAD ALTOY cOMPOSTIION [N SoME METALL v
GLASSES .

Ao Naudon am MM P hane s Lo atedre de Metadlaryie Phvsique
Bba2 pPartier~, FRAMI,

Tt s now well esteblishes thiat rany amorpheas altovs
reveal g osmall-uncle soattering intensity whicn s linked
with feterosencities in these samples. However the senuine
nature of these heterogencitivs is not casy to determine by
a direct interpretation of an experimental result. Further-
more, depending upon the allov preparation, obvious diffe-
rences between observed 5WJ;l‘lH)At scattering patterns ap-
pear. There are in tact sere variables associated with these
techniques which may intluence the state of quench and hence
tie structure of the wlass, at least In a medium range scale.

For X-rayvs the heterogeneities dare variations in electron
density which can be due to floctuations of the chemical com-
position, Insights concerning these chemical fluctuations can
be obtained when measuring the chemical short range order pa-
rameters or by determining the nature of the crystallized
phases.

Small-angle scattering experiments have been carried out
on an absolute scale in order to quantify the amplitude of
the fluctuations whicto appear when the alloy is heated. The
more often a maximum appears in the low angle region. It is
linked with space correlated fluctuations, the amplitude of
which increases with temperature. Examples are given for dif-
ferent systems as Cu-Ti, Ni-Y or Cu-Y in a wide range of
compositions. The alloys which have the same initial compo-
sition as the crystalline phase one do not exhibit small-
angle scattered intensity. On the contrary, in the case of
a different composition, a scattering is observed. Measu-
rement of the integrated intensity leads to a value which
can reach 15 7 for the amplitude of the fluctuations just
before crystallization.

G4 X-RAY DIFFRACTION FROM LIQUID AND AMORPHOUS
Mgy92Zn3g ALLOYS. H. Rudin, S. Jost and H.-J.
Glintherodt, Institut fiir Physik, Universitit Basel,
CH-4056 Basel, Switzerland

The total interference function S(g) of the
syster: Mcy432n34 has been determined in the glassy
state at R.T. and ia the liquid state at 670 K
using the method of energy dispersive X-ray
diffraction in connection with a transmission
deometry. The liquid sample of 0.5mm thickness
was produced by melting metglass ribbons between
two parallel bervyllium windows. A pronounced pre-
peak, characteristic for chemical short range
order, and a well split second main maximum of S(q)
are the essential features for the metallic glass.
In the liquid state the prepeak is still clearly
observed but less pronounced, whereas the second
main maximum shows a shoulder on the high g side
rather than two peaks., After recrystallization of
the sample a number of bBrayg reflections appear
at tne position of the former premaximum, suagest-
ing that the local order in the liquid and glassy
state corresponds avproximately to the crvstalline
order, The observed results are compared with model
calculations,
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G5 FXAFS STUDY OF AMORPHOUS Cu33Zr66ALL0Y

A. Sadoc, Laboratoire de Physique des solides, blt. 510
et LURE, bAt. 209C, Universit& Paris~Sud, 91405 Orsay, France.

The Exafs spectra of amorphous CuyZri.y alloys (x = 0,33,
0.46, 0.60) have been recorded on both Cu and Zr K absorption
edges. We present here the analysis for the alloy which has
the higher zirconium content, i.e. Cujj2rge. This amorphous
material crystallizes homogeneously to a single CuZrj phase
of known crystal structure (Si Mo type). The existence of the
CujjZrgg composition in both crystalline and glassy phases
makes it an attractive mode' system for quantitative Exafs
investigation of the local atomic environment in metallic
glasses.

The spectra of glassy CU33Zr66 have been reconstructed using
a two subshell modelling for the Cu-Cu pairs and for the Zr-
7r ones. The RDF of the Cu-Cu pairs i very different in the
glass and in the crystalline alloy. But, it is similar to
that found in the two richer copper concentrations(1,2).

(1) A. Sadoc, D. Raoux, P. Lagarde, A. Fontaine,
J.N.C.s. 50 (1982) 331,

(2) A. Sadoc, A.M. Flank, D. Raoux, P. Lagarde
5th Int. Conf. The Physics of Non-crystalline Solids,
Montpellier (1982).

G7 X-RAY SCATTERING, ELECTRON CORRELATIONS, AND THE SMALL
k=-BEHAVIOUR OF THE STRUCTURE FACTOR OF SIMPLE LIQUID ‘ETALS.
M. Silbert, School of Mathematics and Physics, University of
East Anglia, Norwich, NR4 7TJ, K

Recent X-ray scattering data on the small k-behaviour of
the structure factor of liquid metals S (k) , suggests the
presence of a linear term in the small k expansion, ie.

S.k) = S(0) = ak +ak + ak’

A proper analysis of the X-ray data requires the liquid
metal to be described as a binary mixture of ions and con-
duction electrons. For simple metals, where c¢lectron-ion
coupling is weak and hence the interaction between electrons
and ions can be represented by a pseudopotential, it is shown
that the lipear term is accounted by the purely electronic
Fermi liguid; hence electron correlations dominate the small
k-behaviour of S_(k)

On the other h3and, swall k neutron scattering data probes
the long range part of the effective interionic forces, and it
is expected that

Sn(k) - 5(0) = 0k)

A large part of this work was carried out while the author
was on study leave at the Ben Curion University of the Negev
at Beer Sheva, and he wishes to thank the Chairman of its
Physics Department for tie hospitality wilich e received, dang
the Royal Society for financial support.

G8 SELF-DIFFUSION IN ESIMPLE LIQUID METALS

W. Glaeser and Ch. Morkel, Physik-Department,
Technische Universitdt Minchen, D 3046 Garching, FRG

Abstract: In spite of considerable progress in the
kinetic theory of simple dense liquids our understan-
ding of single particle motions in such systems is
still unsatisfactory.

Inelastic incoherent neutron scattering can provide
more detailed information on the diffusion process
than classical diffusion measurements. Only a few ex-
perimental resu.ts have been repcrted up tc now. With
the advanced scattering techniques available now we
have started a systematic investigation of the self
motion in liquid alkali metals.

The paper will report first results on liquid sodium
in the temperature range from 400K to 1000K,

Besides the known Lorentzian behaviour of the scat-
tering function in the low momentum transfer reaion

a resonance like transition to Gausslan behaviour

is observed at intermediate mumentum transfers.

This observation is i1nterpreted as a suJdden chanzte
from a more “bound” t¢ a more as like bebhaviour ~f
the liquid particles.
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ORIENTATIONAL ORDERING IN 2- AND 3-DIMENSIONAL
SYSTEMS. D.R. Nelson, Lvman Laboratory, Harvard University,
Cambridge, MA 22138 USA

Two broken svmmetries distinguish the cryvstalline state
from an isotropic liquid. Intermediate phases of matter
are possible, with long range correlations in the orienta-
tions of local cluster axes, but without extended transla-
tional order. An example is the hexatic phase, which
appears in recent theories of 2d melting, and in bulk
smectic liquid crystals. Large six-fold orientational cor-
relation lengths can also occur in nominally "disordered”
binary 2d particle arrays,” where thev show up as a modulation
in the structure function S(J). Correlations in the orienta-
tions of Isosahedra’ packing units have been observed in
recent computer simulations of supercooled liquids in three
dimensions. Supercooled liquids and metallic glasses can
in fact be viewed as defected states of iccosahedral bond
orientational order. In two dimensions, surfaces of
constant negative curvature in d=2 contains an irreducible
density of point disclinations in a hexatic order parameter.
Analogous defect lines in an icosahedral order parameter
appear in three-dimensional flat space. The Frank-Kasper
phases are ordered networks of these lines, which, when
disordered, provide an appealing model for structure in
metallic glasses.?®

1. D.R. Nelson, M. Rubinstein, and F. Spaepen, Phil. Mag.
A46, 105 (1982).

2. P. Steinhardt, D.R. Nelson, and M. Ronchetti, Phys. Rev.
Lett. 47, 1297 (1981); Phys. Rev. B (in press).

3. D.R. Nelson, Phys. Rev., lLett. 50, 982 (1983).
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e 1ML LLLCTRONIC IMEORY 01 1Y
OF METALS AND ALLOYS.
sik, Technische Universitit, \ 1040 Wicn, Austria and Labora-

HERMOCIMISTRY

J.Hatner, Institut (Ur ITheoretische Phy-

SIRUCTURAL

toire de Thermodynamique et Physico-Chimie Métallurgiques,

E.NJSUEVELG., F 38402 Saint Martin Jd'Héres, France

The purpose of this paper 1s to review recent advances in
the electronic theory of the structural and the thermodyunamic
properties of liquid and amorphous metals and alloys.

The combined application of electronic and thermodynamic
perturbation methods has led to 4 microscopic understanding of
the properties of liquid nomal metals and alloys; as was re-
viewed by Shimoji in the Grenoble conference. Recent work has
concentrated on the studv of the influence of attractive inter-
actions on density-fluctuations in expanded liquid metals and
on concentration-fluctuations in liquid alloys with strong
chemical interactions.

The application of tight-binding methods and of simple band-
schemes has greatly contributed to deepen our insight into the
rhysical mechanism of chemical bonding in inter-transition metal
and transition metal - normal metal alloys. On this basis, re-
liable calculations of the enthalpy and of the entropy of for-
mation can be performed. The first steps have been made towards
the derivation of interatomic forces in the transition metals
and their alloys. In the near future, this should lead to an
improved understanding of their structural properties.

H3 LIQUID ALLOYS WITH STRONG CHEMICAL INTERACTIONS
W. van der Lugt and W. Geertsma, Solid State Physics Labora-
tory, Materials Science Center, University of Groningen,

1 Melkweg, 9718 EP Groningen, The Netherlands.

Some recent experimental results on alloys of alkali me-
tals and group IV-A elements (Na-Sn, Li-Ge, Rb-Pb) are dis-
cussed. Their properties can not be described in terms of a
simple metal-to-salt transition with one stoechiometric com-
position. The appearance of a second compound-forming compo-
sition indicates that more complex chemical interactions
than ionic bonding only have to be considered.

These results give rise to some comtemplations on the na-
ture of compounds in the liquid state: how are they defined
and how can they be recognized? What is the meaning of
stoechiometry and what does the phase diagram tell us? How
strongly are the physical properties (electronic-structural)
in the liquid state related to those in the solid state?
what is the relation between liquid structure and electro-
nic properties? It will be shown from recent results that
such questions can not be answered unambiguously.

The theoretical procedures for calculating band structure
and chemical bonding are not yet sufficiently far develored
to include the more complex types of chemical short range
order, mentioned above. Indeed, tight-binding models provide
a nice gualitative picture. Also one may derive insight from
numerical band structure calculations on well-chosen riaid
models representing the liquid.
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T MODELLING OF THE STRUCTURE OF GLASSES ’

J.F. Sadoc
Laboratoire de Phvsique des Solides
Université Paris-Sud 91403 Orsav

Order and disorder are two main words used in glassv

tructure description. But their meaning have to be strictly
defined. The order concept is needed te define a disorder
and also intermediate concept as "local order'. In this paper
I propose a review of the order concept and in a second step
a definition of the disorder. One of the more important point
recentlv studied is the topological nature of the order and
Jisorder. Some examples of this point of view will be pre-
sented

- Penrose tilling in 2-D : the importance of the 5-fcld
svmmetry ; the non-periodic order without distortions,

- space curvature : a wav to release the topological
constraint.,

Disorder will be discussed in terms of defects (discli-

ration lines) appearing in the order. Classical models (C.R.N.

packing of prismatic chemical units, D.R.P.H.S., etc...)
have to be compared with models derived from the topological
noint of view. In some simple cases the comparison will be
done.

.- 1}
t STRUCTURAL STUDY OF AMORPHOUS METALLIC Mo-Ge ALLOYS
J. Kortrignt and A. Bienenstock, Dept. of Materials Science
and Engineering, Stanford University, Stanford, CA 94305 USA

Results from EXAFS, RDF, differential anomalous scattering
(DAS) and x-ray small-angle scattering technijues applied to

3pattered amorphous Moxae, x films in the composition range

.25 < x< .75) will de presented and discussed. RDF's
indicate metallic first shell coordinatisn numbers over this
range and significant structural change with composition. At
the Ge-rich end, the RDF's show a broader first shell and
.ess intermediate range order than at the Mo-rich end where
tie RDF'3 look much like those of typical melt-quenched
metalli® glasses, EXAFS indicates strong chemical o~dering
it tne sNortest near neighbor distances. 7DAS d:ifferential
4ist=~ipution functions show Mo and Ge to have very Jdifferent
average environments that change witn compos.tion. These
data and small-angle scattering data are more consistent with
models in Which the material {s not seperated into twc
phases, Mode.s 2ongistent with structural ~esdl*3 wil. ve

1i37us3ed,

.Supportej v part by the NSF taroughn the Metastable
Marer 3. Ta~us® Program of the Center for Mate~ials Researan
av 3tanfard ant oy the 3tanfard Synenrotrsn Radiat on
~an~ratony Whioh 13 wupported by the Dof and the NIH.

14 STRUCTURE RELAXATION OF AN AMORPHOUS Mg ,Zn , ALLOY

T. Mizoguchi, H. Narumi and N, Akutsu, Gakushuin University,
Mejiro, T-kyo 171, Japan, and

N. Watanabe, KEK Laboratory, Tsukuba, Ibaragi, Japan, and

N. Shiotani, M. Ito and H. Iwasaki, The Institute of Physical
and Chemical Research, Wakoshi, Saitama, 351, Japan

An amorphous Mg-2Zn alloys of near the eutectic compos:-
tion crystallized to a single phase of an orthorombic crysta.
of Mg_.Zn Under 1sothermal annealing at relatively low
temperature (60-90°CJ), only after certain incubation period
the crystalline diffraction peaks become detectable and star-
ted to grow without changing much their width It 1s quite
interesting that what structural change occures 1n the amor-
phous phase during the 1ncubation period before the crystal-
lization.

1n order to get direct information of structure relaxa-
ticn, TOF neutron diffraction experiments were done for both
as-prepared and annealed amorphous Mg _2Zn alloys The .a®-
ter had been annealed so as to give the résistivity maximum
Ne trace of crystalline diffraction peaks were observed for
the annealed sample

The interference function of the annealied samp.e pecomes
a .ittie bit sharper than that of the as-prepared one Highe
2f the first peak increases by about 4% and the sp.ic%:ngy ~f
sex>nd peax becomes much clear

The reduced radial distributior functiorn
zracte for the annealed sample stows a little

an

~f{ sscillatory peak compared t. that
Lre Tre difference between S.r 0f the
~ar ~f the as-rrepared sample resemples “he

ne

sticn ~f the cry-Mg . In. whose
Jra. ~o-rdin
uiar to those found irn randor oL ocee pax

arrangement ~f rcogir

stage ~f STrucCture rejlaxaticn Lt ot amoyre oue M

LN mawe LoTal o trderirt ctoNMaoara L e
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Aernfor< huneszentrur Karisruhe, Institut fur
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Angsewdandte heraphvsik-!, PLOCRD 3nl0 ) D-T300 Karlsruhe,
E. Fudin and h.-'. untherodt, Institut fur Phvsik der
‘niversitat, Klingelbergstr. 81, CH=-4056 Base! and

Bevws, Institul de Phvsique, Universitd, rue A.l. Breguet

e o Neap B30l

The influence of structural relaxation on the atomic
dvnamics of a metallic glass was studied for the first time
using the cold neutron time-of-¢light spectrometer IN6 at the
HFR of the Institut Laue-langevin in Grenoble. The dvnamic
structure facter and the eneralized vibrational densitv of
states were detormined before and after isochronal! and iso-
thermal annealing at 325K and at 338K, i.e. below the crvstal-
lization temperature of approximately 380K. Three different
samples were used, freshlv made under identical conditions,
so that each annealing was dome with an as-ouenched glass in
order to avoid effects from nucleation in pre-annealed
samples. Twe of the samples were also investigated after
crvstallization.

Devending on the annealing time and on the annealing
temperature we observe a progressive reduction of the low
energy modes which are characteristic for the atomic dvnamics
of (metallic) glasses and, on stronger annealirg (12 h at
338¥), we find an increase of intensity for energv transfers
between 12 and 20 neV. These changes are especislly strong
at momentum transfers just below Op, the momentum transfer
corresponding to the first maximum of the static structure
factor, while the static structure factor, integrated from
the t-o-f spectra, shows little change in this O-region. Also
the collective modes near Q, are verv little affected by the
relaxation of the glass, - but strongly after cryvstallization.

We interpret our results in the framework of two recent
theoretical investigations of a computer simulation of an
amorphous metal. This enahles us to localize on a microscopic
scale the possible origin of the low frecuency "disorder
characteristic’ modes.
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' A MODEL FOR THE STRUCTURE OF LIQUID LigPb.
A.P. Copestake*, R. Evans*, H. Ruppersberg**, W. Schir-
nacneres*

at present the results of calculations of the partial struc-
ture factors and radial distribution functions of liquid LigPb
at Ji1tferent temperatures. Assuming that this alloy is par-
tiall, 1onic, we have modelled the interionic forces by pair-
wise uotentials that are strongly repulsive at small separa-
rions roang electronically screened Coulombic at large r.
“nis model was motivated by the fact that a r dependent 'or-
Jering potential’ which exhibits approximately screened
Loulombie decay for large r, can be extracted from the neu-
tron diffraction data for Scc{g) in LigPb. Our calculations,
whiLn are pased on the mean-spherical and the hyper-netted-
.ndtn approximations, show that the wave number dependence of
tne medsured concentration structure factor Scc(q) can be rea-
sunably well accounted for by our model with effective elec-
tron cnarges of about G.5 and -2.0 at the Li and Pb sit?s,
~espectively, and an inverse screenina length of 1.1 &™),
Tnese parameters are consistent with values obtained from the
arder ng potential extracted from experiment.

in order to explain the observed temperature dependence of

S¢c.@) 1t 1S necessary to assume that the charge transfer

cetween species decreases with increasing temperature.

* H.H. wWills Physics Laboratory, University of Bristol,

Bristol, BS8 1TL, UK

** FE Angewandte Physik, Universitat des Saarlandes, 6600
Saarbrucken, W.Germany

***Physik-Department, Technische Universitat Minchen, 8046
Garching, w.Germany

e FHEORETICAL CALCULATIONS ON MFTALLIC
SURFACES @ THE OCP REFERENCE SYSTEM.
M.L. Resinbery, V. Russier and J.P. Badiali, Groupe de
sechercie no 4 du CNRS, Physique des lLiquides et Electrochimie
associe a |'Université Pierre et Marie Curie, Tour 22,
+, place Jussieu - 73230 Paris Cedex 05,

The one-component plasma (OCP) which is a simple coulom~
bic svstem characterized hy the sole parameter is now reco-
gnized as a good reference svstem for liquid alkali metals.
For the study of surface properties it may be thought as a
mure natural reference system than neutral hard spheres. How-
ever vur understanding of the inhomogeneous OCP still remains
very primitive. We present here an ensemble of results concer
ning the surface structure and the thermodynamics of the 0OCP.
The situation where the fluid is in contact with a hard wall
is also considered.

Monte Carlo (MC) computations which give the exact ionic
profile and surface energy are compared to several approxi-
mated theories. Except in the weak-coupling case, MC profiles
are highly structured and for oone can remove the wall
without vhanging the structure. In the hard wall situation,
HNC and MSA integral cquations vield a surface profile in

qualitative agreement with M results for 30, The MSA i
then used to investigate the intluence of an Ashcrott pseudo-
potential. The main effect (s the damping of osciilatiors In
the prorile.

ror the tree surface, the density tunctional formalism is
considered and a relation between the derivative of the sur-
face tonsion relative to density and the surfave profile is
given, The square gradient expansion of the functional which
has becn recently used to calculate the surface tension of
liguid alkali metals is tested for 10, We find that 1t
yields bad resultsfor the structure and the thermodvnamics.

MC results for | 30 are also used to test the iofluence
of anisotropy in the two-body correlation function, This
effect ippears to he veryv important and must be handiod with

care 1n the calcuiation of the surtdce tension.

33 DENSITY FUNCTIONAL CALCULATIONS OF THE SURFACE
TENSION OF LIQUID METALS AND ALLOYS*. M. GCrimson and D,
Stroud, Ohioc State University--We have investigated the
surface tension of a number of simple liquid metals and
alloys using the ionic density functional formalism devel-
oped by Wood and Stroud. The theory includes the conduction
electrons within the adiabatic approximation. The free
energy density of the uniform liquid metal (one of the in-
puts of the theory) is computed within the structural ex-
pansion, and the gradient coefficient (which involves the
fourth wmoment of the direct correlation function) using
Weeks-Chandler-Anderson perturbation theory. Agreement
between the theoretical and experimental surface tensions is
very good for both the alkali metals and for Al; the poly-
valent results are much improved over those of Wood and
Stroud. Calculations have also been carried out for liquid
alloys, and in particular for alloys such as NaCs which
phase separate in the liquid state. The results show how
surface segregation lowers the surface tension in a phase-
separating alloy. The effects of going beyond the gradient
approximation are briefly considered, to investigate the
postibility raised by Rice and coworkers, that there are
density oscillations near the surface of a liquid metal,
*Work supported in part by NASA under grant NASW3601.

Ja CRYSTALLIZATION OF AMORPHOUS METAL-METALLOID ALLOYS.
H.-G. Wagner, M. Ackermann, U. Gonser, Angewandte Physik,
Universitat des Saarlandes, D-6(oo Saarbriicken, Federal Re-
public of Germany

M&ssbauer spectroscopy is used to study the crystalli-
zation of amorphous transition metal-metalloid alloys. Simul-
taneous measurements of y-transmission spectra and conversion
electron emission spectra show that on all samples measured
the crystallizatinn starts at the ribbon surface. When the
annealing is done in vacuum, first traces of crystalline
phases appear on the dull ribbon surface which had been in
contact wiih the quenching roller. If an argon atmosphere
is used during the heat treatment the onset of crystallizat-
ion is first observed on the shiny ribbon surface. The cry-
stallization temperature also depends on the atmosphere used
during annealing.

These observations are discussed in detail and conclus-
ions are drawn about th: possible crystallization mechanisms.
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b CRYSTALLIZATION PROCESSES IN NITROGEN-GEARING Fe-v-B-Si
AMORPHOUS ALLDYS: MAGNETIC, THERMAL, AND TRANSPORT PROPFRTY
STUDIES. K.V.Rao, K.A.Bentness? €& 1T Sector Labs/3M, St. Paul
MN 55133, R.Addun, S.Arwayss, Clarkson College of Technclogy,
Potsdam, NY 13676, and H.H.L(cbewnann, Allied Corporation,
Parsippany, NJ 17054,

The metstable character of metallic glasses for application
mandates an understanding of their crystallization processes.
Yet, only a few amorphous systems have been studied in detail.
The effects of nitrogen, and vanadium on the thermal stability
and the crystallization processes of glassy Feq3B;,Siy alloys
have been studied in detail througi: the temperature dependence
of the magnetization (inboth low, ~10 Ue, and high, <10 kOe,
applied magnetic fields], and electrical resistance of Fepa_x
VxBy,Siy amorphous alloys with 0 <. <12 upto 1000 K, Theeffects
of 50 and 2050 ppm nitrogen in st id solution for each vanadium
concentration has 2also been stu!.ed. In order to compare the
information obtained using diffeyent experimental approaches,
Differential Scanning C2lorimetry (DSC) studies have also been
conducted on samples obtained from the same batch of ribbons
at heating rates identical to those used above. We find that
the glass transition temperature, Ty, and the various stages
of crystallization determined from magnetic and resistance
measurements show a strong correlation, but differ significantly
from those that can be inferred from DSC data. Such discre-
pencies have also been observed for a number of other Fe and
Co based glassy alloys. The emphasis of this presentationwill
be to demonstrate the sensitivity of electrical and magnetic
properties to microscopic changes in magnetic amcrphous alloys.

On heating, FegyB,,Si; amorphous alloy crystaliizes in two
ma jor stages around T3, = 713K, and sz =781 K. ‘Lubstitution
of V for Fe, while increasing Ty, suppreésses the initial crys-
tallization step Ti\‘ and shifts Tx t2 higher temperatures,
thus enhancing the overall thermal gtability. In addition, a
nitrogen-induced phase, as yet unidentified in detail, is ob-
served. Further details on the kinetics of relaxation proces-
ses as studied from low-field thermomagnetic studies will be
discussed.

* Dpggently at: Dept. of Physics, Stanford University.
! Sgmples prepared by H2L while at General Electric.

96 STRUFTURAL RELAXATION AND CRYSTALLIZATION BEWAVIOR OF
(Mo0 6RUQ. 4" 1-xBy GLASSES. Madhav Mehra, Robert Schulz and

William L. Johnson, California Institute of Tech~3luyy,
Pasadena, CA 91125 USA

fvidence of phase separation in (MOO‘SRUO.A)BZRIS upon

annealing at T > 450 C has been repor.ed!. It was suggested

: 1 I, 2 s
that simflarily to the case of Feauu140B20 this glass could

separate into a boron rich phase naving one type of short range
order and a boron poor phase having a second distinct type of
short range order. The present study reports the radial dis-
tribution function (RDF) of as quenched and annealed samples
for 14, 18 and 22 at.* boron concentration, the change in the
electrical resistivity during structural relaxation and crys-
tallization, and an analysis of the crystalline structures
obtained from the glass. We also report the effect of struc-
tural relaxation on the low temperature specific heat for the
same concentrations. Our results are consistent with the sug-
gestions of C. C. Koch et al

(1) €. €. Koch, W. L. Johnson and A. C. Anderson, Phys. Rev.
8 27, 1586 (1983)

f2j J Piller and P. Haasen, Acta Metall 30, 1 (1982)
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37 COLLECTIVE FLUX PINNING, A PROBE UF DREFECTS DN
AMORPHOUS SUPERCONDUCTING FI1IMS, P.H. Kes, hamerlingh onnes
Laboratorv, 2300 RA lLeiden, Netherlands, and C.C, Tsuei, I1BM

Research Center, Yorktown Heights, NY 10998 USA

Recently two-dimensional collective flux pinning (2-DUp)
has been observed in thin amorphous films of sputter deposited
Nb, Ge, Nbei. and Haxsi"<x = 4). In this contribution it is
shown that 2-DCP provides a useful tool for the study of
extended gefects of the order of £(0)(5-17nu). The parameter
H(O)-nv<f‘“ is experimentally determined. Here n, is the
density, ?, the elementary interaction of a defect and a flux
line, and {he average is taken over a cell of the flux line
lattice. Reasonably, to well established theoretical expres-
sions exist for f, of defects that are most likely to occur in
amorphous materia?s: voids, micro-crystallites, gquasi-dislo-
cation loops, and quasi-dislocation(dipoles). These can be
distinguished by their differert field (and temperature)
dependences. Comparison of the theory with experiment provides
estimates for the product of n, and the size of the defects.
In all materials studied evidence was found for the existence
of quasi-dislocation loops. The thickest (3um) Nb,Ge sample
of which the broad (170 mK) superconducting transition
revealed inhomogeneities, was heat treated for 24 hours at
580°C. The obvious change in pinning vs. field characteristics
is explained by the presence of micro-crystallites that could
not be detected by X-ray scattering. The NbySi samples
demonstrated a somewhat different behavior that was ascribed
to some hydrogen uptake during the deposition. This assumption
could be justified by studying the 2-DCP of a NbyCe sample
chemically loaded with 0.27 hydrogen. The presence of hvdrogen
enhanced the dislocation loop pinning by almost a factor of 3,
while a nearly equally important contribution was detected
that exhibits the characteristics of pinning bv micro-
crystallites and/or voids.

1. P.H. Kes and C.C. Tsuei, Phys. Rev. Letters 47, 1930 (198D,
and Phys. Rev. B, to be published.
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SESSION Ki HYDRIDES

K1 GLASS FORMATION BY A SOLID STATE REACTION
OF CRYSTALLINE ZR-X PHASES WITH HYDROGEN AND
STRUCTURE OF GLASSY HYDRIDES
K. Samwer* and W.L. Johnson, California Institute
of Technology, Pasadena, CA 91125, USA

A new method of synthesizing metallic glasses
by a solid state reaction has been developed. Cer-
tain crystalline Zr ,Rh intermetallic phases can be
transformed into nofi-crystalline metallic hydrides
by hydriding at about 200C. X-ray diffraction pat-
tern confirms the transition from the crystalline
to the amorphous state without any rapid quenching
technique. Radial distribution functions of the
hydrided glassy metal, which was originally crystal-
line, are compared with liquid gquenched unhydrided
and hydrided amorphous 2r_.Rh, No significant dif-
ference can be seen betwegn the two hydrided sam-
ples made by totally different glass formation
prozesses. Superconducting properties and density
measurements show very similar behavior for both
Zr ,Rh hydrides. The transition can be explained in
tefms of a "chemical frustation" effect due to a
large disparity of interatomic diffusion rates.
The structure of glassy Zr based metallic hydrides
is investigated using hydrogen as a probe. The
neasured interatomic distances suggest that hy-
drogen occupies mainly tetrahedral sites defined
by four Zr atoms under normal hydriding conditi-
ons (~ 200C, latm.H,). A statistical model for
these sites is in q%od agreement with the ob-
served absorption capacity for hydrogen. In this
model H-H interaction should limit the upper
value of hydrogen content in 2r based glasses to
2.5 (H/metal atom).

*Present perranent address: University of
Gdttingen, Gdttingen FRG

K2 HYDROGEN ATOM ENVIRONMENTS
IN A HYDROGENATED ZrNi GLASS

K.Suzuki, N.Hayashi, Y.Tomizuka, T.Fukunaga and K.Kai
The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai 980, Japan

N.wWatanabe
National Laboratory for High Energy Physics,
Oho~-machi, Tsukuba-gqun, Ibaraki-ken, 305, Japan

Hydrogen atoms may be a promisina probe to identify the
atomic scale structure and dynamics in metal-metal alloy
glasses with good hydrogen-absorbing power. 1In this study,
the local confugurations of metallic atoms surrounding a
hydrogen atom in a hydrogenated 2rNi glass was observed as a
function of hydrogen content by neutron total and inelastic
scattering experiments using a spallation pulsed neutron
source.

Initially, hydrogen atoms prefer to occupy the four-coor-
dination site consisting only of Zr-atoms up to about 25 ats
hydrogen cor.-=nt, where exactly the relation between the
hydrogen content and equilibrium hydrogen-gas pressure obeys
Sievert's law. With further increase of hydroden content,
hydrogen atoms are gradually located at the four-coordination
sites consisting of three 2Zr-atoms and one Ni-atom on the
average, We conclude that the four-coordination sites
occupied by hydrogen atoms have the tetrahedral confiquration
distorted to some exten*t in ZrNi glass. The geometrical
s1ze of the four Zr-atoms tetrahedron present 1n hydrogenated
ZrNi alass does not rorrespond to that existina in ZrNiH
crystalline compound, but is rather close to that found in
ZrH_ crystal. The hydrogen atom environments available in
hydrogenated ZrNi glass always consist of the four-coordina-
tion si1*es and there 1s no five-coordination site containing
three Zr-atoms and two Ni-atoms like in ZrNiH_ crystalline
compound. 3

FENIPVEAY S O, I SO VU TP G T Wiy BaAs W 3

K3 INELASTIC NEUTRON SCATTERING FROM A HYDRIDE OF TRHE
METALLIC GLASS ZrpPd. A, Williams, J. Eckert, Los
Alamos National Laboratory, Los Alamos, NM 87545 USA, X.
L. Yeh, M. Atzmon, Californfa Institute of Technology,
Pasadena, CA 91125 USA, and K, Samwer, University of
Gottingen, Gottingen FRG

Inelastic neutron scattering has proven to be a
powerful technique for studying the vibrational optic
modes of hydrogen in metal hydrides from which information
can often be obtained on the hydrogen {nterstitial sites
and their occupancies. Time of flight inelastic neutron
scattering data was therefore obtained on hydrided IryPd
metallic glass using the Crystal Analyzer Spectrometer at
the Los Alamos pulsed spallation neutron source. Energy
transfers from about 40 meV to several hundred meV were
obtained with sufficiently good statistics and signal to
nofse ratio to show the second harmonic, as well as the
fundamental optic mode. The inelastic neutron scattering
spectrum from amorphous hydrided IroPd was found to be
structureless and reasonably symmetr%c and could be fit
quite well with a2 Lorentzian centered at 125 meV and with
a FWHM of about 5! meY. Possible schemes of hydrogen
occupation of various interstitial sites in these metallic
glasses is discussed in view of these results.

K4 DIFFUSION PROPERTIES AND PHASE TRANSITIONS OF THE
METALLIC GLASS a-ZryPdHy. R. C. Bowman, Jr., D. E. Etter,
A. Attalla, and B. D. Craft, Monsanto Research Corporation-
Mound*, Miamisburg, OH 45342 USA, J. S§. Cantrell and J. E.
Wagner, Miami University, OH 45056 USA, and W. L. Johnson,
California Institute of Technology, Pasadena, CA 91125 USA.

Proton NMR spectroscopy has been used to evaluate hydrogen
diffusion in several samples of amorphous a-ZrpPdH 3 that had
been prepared by direct reaction between hydrogen gas and the
metallic glass a-ZrpPd. The diffusion correlation times

(T¢) between 120K and 550K were deduced from the proton ro-
tating-frame relaxation times (Ti,). The T, values for
a-ZrdeH‘3 exhibit non-Arrhenius temperature dependence as
well as give enhanced proton hopping rates relative to those
found in crystalline ZrpPdHy with the same nominal stoichi-
ometry. This behavior is very similar to recent measure-~
mentsl on crystalline and amorphous TiCulkx. The roles of lo-
cal crystal structures and hydrogen site occupancies on the
proton diffusion processes will be briefly described.

Differential scanning calorimetry (DSC) measurements
indicate that both the initial a-2ZrPd alloy and the amor-
phous hvdride phase undergo irreversible transformations at
elevated temperatures. Although low energv exothermic tran-
sitions that are associated with crystallization phenomena
are observed above 800K for the a-ZryPd alloys, the
a-ZryPdH 3 samples vield highly endothermic transitions in
the temperature range 550K to 700K. Powder x-rav diffraction
measurements of the annealed samples suggest both crvstalline
2rpPdHy and ZrHy are decomposition products that depend upon
experimental conditions. The present results will be com-
pared with reported behavicr for other metallic glasses and
metastable hvdrides.

*Operated for U.S$. Department of Energy under Contract No.

DE-ACO4-76-DPON0S 3.
IR, €. Bowman, Jr.. ¢t al., Phvs. Rev. B Jo, 6362 (1082).
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e MAGNETISM AND HYDROGEN ABSORPTION IN RARE-EARTH
GLASSES.* D.J. Sellmyer, M,J. 0'Shea, and C.G. Robbins,
University of Nebraska, Lincoln, NE 68588 USA.

We report on measurements of magnetic properties and
pnase transitions in rare-earth-rich metallic glasses, and
upon the effect of hydrogen absorption on these properties.
The glasses have the nominal form Gd;,-xRxG,g where R repre-
sents either a nonmagnetic rare earth such as La or an aniso-
tropic rare-earth such as Tb, and G represents glass formers
sucn as Ga, B, 3d transition metals or mixtures thereof. The
system Gd-.-xLa,Ga;gB; shows evidence for paramagnetic,
ferromagnetic-1ike, and speromagnetic states, with an appar-
ent multicritical point at x_ = 67. For x slightly larger
then x , apparent double transitions (para-ferro and ferro-
spero) are seen as T is lowered. The effect of H absorption
at the level H/M = 2 on these transitions is to increase the
local random anisotropy, decrease the average exchange, and
replace the ferromagnetic transition by a speromagnetic one
at lower temperatures. In the system Gd;,-xTbyGa,gFe;p an
increase of x from zero continuously converts the magnetic
state from ferro- to spero- and a change in the character of
the H absorption effect on the magnetism is observed.

*Research supported by NSF Grant DMR-8110520.

K7 HYDROGEN SOLUBILITY AND YOUNG'S MODULUS IN Pd-Si
METALLIC GLASSES. R.8. Fimoochiasro, C.L., Tsai, and

B.C. Giessen, Department of Chemistry and Materisls

Science Division, Institute of Chemical Analysis,
Northeastern University, Boston, Massachusetts 02115, U.S.A.

lydro!on solubility of the Pd"._‘SXx metsllic glasses
with 145x522 has been measured in the temperature range of
10 to 90°C and the hydrogen partisl pressure range of 0.1

to 100 torr. Hydrogen solubility decreases from ~6

at.%@ at 100 torr, 10°C for x = 14 to ~0.05 at.%H

for x = 22. Furthermore, for s constant metalloid concen-
tration, h{drogon solubility decresses by s factor 2 from
10°C to 90°C, which imdicates that the absorption of
hydrogen is an exothermic process. Sieverts’ law is oot
observed. The Young's moduli of the hydrogenated metallic
glasses have been measured as a function of hydrogen conmtent
st room temperatore and show s decrease with increasing
hydrogen concentration. The glasses exhibit hysteresis

in the modulus values upon absorption and desorption of
hydrogen. Both the solubility and elastic dats are

anslyzed according to s two-site model based on & dense
random packing of hard spheres (DRPHS) structure.
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SESSION L: ATOMIC TRANSPORT AND STRUCTURAL
RELAXATION

B ATOMIC TRANSPORT AND STRUCTURAL
RELAXATION IN METALLIC GLASSES

A. L. Greer
Division of Aprlied Sciences
Harvard University
Cambridge, Massachusetts 02138, U.S.A.

Along with other properties, atomic transport rates in
metallic qlasses are affected by the degree of relaxation of
the glass. Since transport measurements are made near the
alass transition temperature, where structural relaxation can
occur, it is essential to take relaxation ef_ects into
account 1n interrreting the experimental results. Diffusion
measurements in metallic classes are reviewed, and a critical
comparison is made of the experimental methods. Measurements
of viscosity are also reviewed, and the relationship between
the atomic transport in diffusion and in viscous flow is
consider=d. The validity of the Stokes-Einstein relation
near the glass transition is examined. Possible diffusion
mechanisms are discussed, particularly for the metal-
metalloid alasses. Studies of structural relaxation,
rarticularly those based on atemic transport measurements,
are outlined. Some views on the mechanisms of structural
relaxation are presented.

L2 LOCAL STRUCTURAL FLUCTATIONS AND DEFECTS IN METALLIC
GLASSES. T. Egami and V. Vitek, University of Pennsylvania,
Philadelphia, PA 19104, U.S.A.

The atomic structure of liquid and amorphous metals has
traditionally been analyzed in terms of the pair distribution
function (PDF) or the local Voronoi polyhedra (VP). Neither
of them, however, are directly helpful in elucidating many
phyiscal properties which are, in crystalline solids, usually
associated with defects, and generally regarded as structure
sengitive, What is need to describe the possible structural
defects, or more widely local structural fluctuations, is
some local metrical scale of fluctuations rather than the
topological scale such as VP. We pointed out earlier that
the atomic level stresses are the best measure available
to satisfy such a need. In this review, we describe the
physical nature of the atomic level stressses and discuss
their usefulness in understanding the structural relaxation,
glass transition, mechanica properties and glass forma-
bility. In particular, it is suggested that the spherically
symmetric (£=0) component of the stress tensor, which is
the hydrostatic stress p, and the two-fold (2=2) components
of the tensor, which are the shear stresses t , behave quite
differently, resulting in two glass transitfons and two
distinct modes of structural relaxation. The glass transi-
tion due to the freezing of pressure fluctuation corresponds
to the usual glass transition, while that due to the shear
fluctuation corresponds to the orientational (glass) transi-
tion first reported by Steinhardt et al. The relaxation of
p is irreversible and results in densification, and most
likely the reduction in diffusivity, while the reorien-
rational relaxation of 1 is reversible, and contributes to
anelasticity and various changes in the magnetic properties
such as Curie temperature and anisotropy via the changes {n
the compositonal short range order. Thus, the glassy state
can not be described even globally by a single parameter
such as the free volume alone, but at least two parameters
are nesded, The relation of this theory to other theories
of structural state and defect structures is discussed.

L3 ACTIVATION ENERGY SPECTRA IN RELAXATION: CROSSOVER
AND REVERSIBILITY. J.A. Leake, M.R.J. Gibbs, S. Vryenhoef
and J.E. Evetts, Department of Metallurgy and Materials
Science, University of Cambridge, Cambridge, England.

We recently proposed a model for relaxation in metallic
glasses based on a spectrum of available activation energies
(1}. Sub-sets of the observed relaxation behaviocur are the
"crossover effect” and "reversibility". A defirition of these
terms is given in (1), along with several predictions which
can be tested by experiment. Using differential scanning
calorimetry, measurements have been made of changes in Curie
temperature, Tc, on annealing FeggBpp. The data agree with
and extend previous work (2), several key points emerging in
line with the model. Firstly, a crossover effect can be
observed on annealing at high temperature after any annealing
time at low temperature provided the measured value of T, has
not exceeded the final value for annealing at the high
temperature. If this annealing time is exceeded, reversible
behaviour is observed. It is thus clearly shown that cross-
over and reversibility arise from the same atomic processes.
Secondly, using (1) it is possible to compare the predicted
position of the minimum in T. on the high temperature anneal
with experiment. The agreement is excellent. Finally, it
has been demonstrated that the shape of the curve beyond this
minimum is independent of the low temperature anneal. In (1)
we used a simplified formalism for clarity, but in this work
the full form of the annealing function has been used, giving
close agreement between theory and experiment throughout.

(1) M.R.J. Gibbs, J.E. Evetts and J.A. Leake: J. Mat. Sci.
18 (1983) 278.

(2) A.L. Greer and J.A. Leake: J. Non-Cryst. Sol. 33 (1979)
291.

L4 MICROCALORIMETRIC INVESTIGATIONS OF STRUC-
TURAL RELAXATION PHENOMENA IN GLASSY BINARY TRAN-
SITION-METAL ALLOYS

F. Sommer, H. Haas and B. Predel, Max-Planck-Institut fur
Metallforschung, Institut fir Werkstoffwissenschaften,
Stuttgart and Institut fiir Metallkunde, Universitat
Stuttgart, Seestr. 75, D-7000 Stuttgart 1

The changes of the thermic properties caused by structural
relaxation processes of glassy alloys have been determined
for Cu-Ti, Ni-Ti and Pd-Zr alloys. For this, measurements
with a dynamic as well as with an isotherma: temperature
program have been carried out using a Differential Scanning
Calorimeter (DSC-2-Perkin Elmer). Reversible as well as
irreversible relaxation processes have been found and the
enthalpy changes connected herewith have been determined.
Different models for relaxation in glassy alloys are tested
in describing the obtained results. The kinetics of the

relaxation processes is discussed in detail.
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SESSION M: APPLICATION OF METALLIC GLASSES

il METAILLIC CLASSES IN DEVICES FOR ENERCY CONVERS!ION
AND CONSERVATION.  R. Hasezawa, Materials lLaboratorv, Corp.
R & D, Allied Corporation, Morristown, N1 07960 LSA

Combination of various physical properties of metallic
glasses leads to the possibilitv of a number of energv con-
version/conservation devices with high efficiencies. Per-
tinent phvsical properties include low magnetic loss, high
magnetic permeabilitv, high electrical resistivitv, super-
conductivity with a high upper critical field, high corrosion
resistance, low radiation damage, high mechanical strength
and hardness with high ductility, and hvdrogen sorption.
Among these, magnetic properties have been receiving the most
attention and a number of devices have been considered or
actually fabricated. To illustrate the propertv-device re-
lationship, we select several representative magnetic appli-
cations including commercial and high frequency transformers,
sensors, transducers and magnetic switches. One of the most
significant developments in these areas is the fabrication
of energy-saving power transformers using metallic glass
which has an ac core loss about 1/5 that of conventional si-
licon steel. A high B-H loop squareness ratio and high elec-
trical resistivity of some magnetic metallic glasses make
them suited for the magnetic cores to generate high-power
pulse sources for accelerators and lasers. The wide variety
of magnetic applications realized thus far or to be explored
arises largely from the fact that the magnetic properties of
glassy alloys can be modified widely by post-fabrication
treatments. Other energy-related applications of metallic
glasses are in superconducting devices and hydrogen storage
systems. Some of the recent developments in these areas will
also be included in the present talk.

M2 CHEMICAL PROPERTIES OF METALLLC GLASSES.* R. B.
Diegle, Sandia National Laboratories, Albuquerque, NM 87185

Chemical properties of metallic glasses continue to inter-
est certaln segments of the scientific community, most notably
those studying corrosion and catalysis. This presentation will
review both the corrosion and catalytic behavior of metallic
glasses, but it will emphasize the former subject because the
na jor portion of chemical properties research has, to date,
focused on corrosion.

Concerning corrosion, the single most {mportant phenomenon
influencing the corrosion resistance of metals that are not in-
ert for thermodynamic reasons (e.g., Au and Pt) is passivity.
Since the introduction of Metglas™ alloys in the early 1970's,
corrosion scientists have used metallic glasses as a new tool
for probing the influences of alloy structure and composition
on such important phenomena as passivity and passivity break-
down. The excellent corrosion resistance exhibited by certain
compositions of netallic glasses s due to the formation of
stable, protective passive films. Film forming additives, e.g.
Cr, Ti, and Mo, play much the same role in metallic glasses as
in crystalline alloys, but often the passive films formed on
metallic glasses are considerably more resistant to electro-
chemical breakdown. Thts enhanced stability {is ascribed to
the structural and chemical homogeneity of the glassy state.
However, in metal-metalloid type glasses the metalloid addition
can create a synergistic effect with the film former, giving
rise to increased rates of film formation and to relatively
large degrees of enrichment of the film forming species in the
films This novel and unanticipated effect has heen the subject
of studles nf repassivation kinetics of rnetal-metalloid glasses.

Research into the catalytic and electrocatalytic activity
" metallic glasses has shown promising behavior for alloys
contafning such elements as Fe, Ni{, Co, and Pd. Results of
studies of catalytic behavior applicable to methanol fuel
cells, production of chlorine, and hydrogenation of carbon
nonoxide will be reviewed.

*This work performed at Sandia Natl. Labs., a LU.S. Depte. of
Enerpyv Facility, supported by Lontract No. DE-AC0O4=T76-DPONTHY,
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wrrasion resictance, which was similar to that of metal-
metall>ii amorphous alloys containing Cr and P. This result
stows that P is not essential ©or producing corrosion-

y onlloyvs.
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=Tr-W oalloys was
erved after heat treatment vhe ecrystallization tem-
In neutral solutions, amorphous ani crys*allized
imilar corrosion behavior and resis n
acidic snlutions, these heat-treated alloys showsd a siich
increase in active lissolution but remained highly passivated
at high potentiamls. The retenticn of corrosion resistance
o thne heat-treated alloys was attributed *o a two-stage
crystallization process wherein fine bec crystallites were
formed in the amorphous matrix. This amorphous matrix
protects the alloy from corrosion of the bec phase.

i

M4 AN ACTIVE METHANATION CATALYST PREPARED

FROM Pd-Zr ALLOYS

A. Yokoyama, H. Komivama and H. Inoue, Department of
Chemical Engineering, Fuculty of Engineering, Univer-
sity of Tokvo, Hongo 7-3-1, Bunkvo-ku, Tlokvo, Japan
and T. Masumoto, H.M Kimura, The Rescarch Institute
for Iron Steel and Other Metals, Tohoku University,
Katahira Sendai 980, tapan

Highly active catalvst of the reaction of carbon
monoxide and hvdrogen to produce methane was prepared
in situ from an amorphlous Pd .Jr . allov. In the reac-
tion, the catallvtic activity remarkably increased
with time, showing abtout undred fold enhancement,
compared with the initial value, at the steady state
attained in 60 h. lts turnover frequency (specific
catalytic activitv) was greater than those for the
most active methanation catalvsts as vcver known. The
activity of the catalvst was compared with those of
the crystalline Pd Zr (x=0-1) alloews,

The X-ray analysf?ﬁ( sflowed some cvidence of the
structure change during the reaction, hecause several
broad peaks appeared in the spectrum. The spectrum,

however, did not coincide with anv spectrum of Pd, Zr, -
Pd-Z2r allovs (Pd7r, PdiZr,, e¢tc.), their oxides oOr hv- -
drides. The resemblance Of the spectrum to that of the -

specimen which was prepared by heating the amorphous
Pd_.Zr . alloy in a stream of oxvgen at the reaction
temperaeure indicate that an unknown complex oxide was
formed during the reaction. Pd0 catalvsts, showing a
high initial activity, was easily reduced to the metal-
lic state and deactivated. This result indicates that
palladium is active only in its oxidative state, for .
the present reaction system.

It is concluded that the active species, prepared
in situ from amorphous Fd, /r allov, is a complex
oxide of Pd and Zr, in whi’gh galladium exists in the
oxidative state under the highly reducing reaction
condition. The amorphous structure is ecspeciallyv suited
for the formation of this highly active species.



NI KINETICS OF STRUCTURAL RELAXATION IN METALLIC GLASSES,
J. R. Cost, Los Alamos National Laboratory, Los Alamos, NM
88545 USA, and J. T. Stanley, Arizona State University, Tempe,
AZ 85281 USA

One of the most difficult problems in characterizing
structural relaxation in metallic glasses has been that of
determining the spectrum of relaxation times which controls
the kinetics of the relaxation process. Recently, detailed
investigations of the relaxation kinetics have indicated that
the relaxation rime spectrum is more complicated than was
formerly supposed, being multi-modal for some relaxations.
The finding of fine structure in rhe spectra presents two
important challenges. First, we need to determine accurately
and without prior assumptions the details of the relaxation
time spectra. Second, based on these spectral details, we
must re-examine some of our previous concepts concerning
mechanisms for atomic mobility in amorphous metals.

The first part of this paper describes a method for
dircet spectrum analvsis (DSA) cf relaxation response data.
The onlv assumption made with the method is that of simple
first-order kinetics. When applied to computer-generated data
derived from a known relaxation time spectrum and with varying
amount of random experiment error added, this method is shown
ta reproducibly yield histograms which are good approximations
of the input spectrum. Applications of DSA to experimental
results for the reversible structural relaxations occurring in
several metallic glasses will be described

In the second part of this paper relaxation time spectra
will be reported and discussed for the amorphous alloys
PdgoGe g and FeqoNiggP|4Bg. For the latter alloy, it had been
previously reported that the spectra have four relatively
distinct peaks; this finding is confirmed by DSA for all sets
of data which were analyzed. For the binary Pd-Ge alloy, it is
shown that the spectra contain two peaks, both of which are
broader than those in the quaternary alloy. The significance
of these results will be discussed in terms of possible
mechanisms {or atomic motion in amorphous metals.

N2 SUB-Tg ENTitAi U, 2 XATION IN PN ALLOY
GLASSES. H.S. Chen, Bell Laboratories, Murrav Hill, NJ
07974 USA, and A. lncue, The Rescarch Institute for Iron,
Steel and Other Mctals, Tohoku University, Sendai 980
Japan

Sub-Tg enthalpy relaxation processes have beuen
investigated in a series of PdNi  alloy gluasses., The
samples are either in the form of cylinder ~ 0.5mm in
diameter, or ribhons Imm wide » 30um thick., The as-
quenched somples were anncaled ot temperatures well below
the glass transition tenperature ig.  Upon heating, the
anncaled samples show an endothermic peak above the
anncaling temperaturc, ind the specific heat then falls
on that of the as-quenci.cd ssnples below Tg.

The endothermic reartion prosesses are found to he
stronply compositiuvn dopendernt. & close corrclation
between the sub=-Tg relaxition and cother thermal proper-
ties, such as Tg, erystallization temperature and the
enthalpy of relaxaticn i~ <een. FPossible mechaniszms and
implications of the results are discussed.

In the latrter case, the relaxation has veen menatoaned aer
the width of the ~trirv,
Al-a, relaxaty g metai=boron 3l o manide 4.

ety te Curie romneratar, COmMpoaredo et [ Talor-
merr i
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SESSION N: ATOMIC TRANSPORT N3 SCALING THE COMPOSITION DEPENDENCE OF ATOMIC

TRANSPORT AND STRUCTURAL RELAXATION IN AMORPHOUS ALLOYS.
A.I1. Taub and J.L. Walter, General Electric Corporate Research
and Development, PO Box 8, Schenectady, NY 12301 USA

The temperature dependence of isoconfigurational flow and
the rate of structural relaxation were measured for several
amorphous alloys in the series Fegp_yB1gMy (M=Si, Ni, V, Mo:
05x%£12). Elemental substitutions that produce an increase in
the crystallization temperature Tx were found to produce a
corresponding increase in the structural relaxation rate.
However, the relative magnitudes of the changes in Tx were not
in agreement with the observed changes in relaxation rate.

These results will be supported by a compilation of the
literature data which shows that the observed variation with
composition of both isoconfigurational flow and the viscosity
relaxation rate does not scale with the glass transition tem-
perature. Reduced temperature normalization of the form
Tred = T-Tg and Tg/T is applied to all the available flow
data. Both scalings are shown to be only moderately success-
ful at reducing the equilibrium, isoconfigurational and
relaxation data to master curves.

Na THERMODYNAMICS AND KINETICS OF FORMATION OF AMORPHOUS

Ir-Ni ALLOYS FORMED BY SOLID STATE REACTION OF THE PURE METALS.

B. M. Clemens, General Motors Research Laboratories,
Warrensville, MI 48090-9055 USA, and W. L. Johnson and R. B.
Schwarz*, California Institute of Technology, Pasadena, CA
91125 USA

A solid state diffusion controlled reaction was used to
produce amorphous Zrl_XNix layers by reaction of multilayer

films of elemental polycrystalline Zr and Ni. The multilayers
are prepared by e-beam evaporation of Ni and Zr layers. Each
layer has a thickness of 100-200 A. The amorphous phase is
formed by annealing at 300 C for times ranging up to one week.
Auger depth profiling, x-ray diffraction, and electron micros-
copy were used to study the reaction kinetics. The formation
of an amorphous phase is explained in terms of a proposed
metastable free energy diagram together with consideration of
the nucleation and growtn processes involved.

*On leave from MST Division, Argonne National Laboratory.
Argonne, IL 60439

N5 INFLUENCE OF COMPOSITION AND THERMAL HISTORY ON THE
RELAXATION BEHAVIOUR OF SOME METAL-METALLOID GLASSES. H. A.
Davies and G. P. Gregan, Dept. of Metallurgy, University of
Sheffield, fheffield, S1 3JD, U.K.

Structural relaxation in a series of metal-metalloid
glasses has been investigated by differential scanning
calerimetry usinag ribbon samoles nroduced by different cast-
ing techniauec.

The influence of the concentration and species of both
metal and met lloid commonents on the relaxation hehaviour
has been inves: iaated. The increasina relaxation eneraies on
traversinag fror n1ickcl-rich to iron-rich alasses and on sub-
stitution of boi. . oy ilicon are discussed in terms of
allov chemistry and co nared with the comrosition derendence
of crystallisation ¢ner v investimated carlicer.

It is shown that the relaxation behaviour during anneal-
ing is devendent also on the thermal history of the lasew

alloy. This is Jetermined poth vy *he cooling rate an t
formation of *he oriqinal alass and by other rrocess para-
meters such as time of contact wirh the roller ubstrate and
the pressure and camoasiting of the 3aseous enviropmest,
which influence sccondary cooling of the ribion.

Relaxation in =samrles mroduced P chill Flock nmelt

spinning 1< compared with tnar 1o ool
but wider, striv samrles orodioced @

ttionalle vdentuoad,

nar flow castines,




e e b =R ISP TN aARPEN NG O AN AMORPHOUS e DIFFUSION IN Fe-Zr-B METALLIC GLASSES
NNt o veMPOS C e . N Vs ;
. C . N . . U.K&ster, Dept.Chem,Eng., University Dortmund
SR o Muasormete, The Resedarch Institute ror [ron, Steel D-4600 Pors 4 so0 F.R.Ge R
and JStoer M e, dotoha lintversity, sendar 980, JAPRAN v Portmun P - ReLermany
fhe mrvre-stracture and the sechantcal properties of an amor- Fe-Ur fiotertransityon meral) alasses are much sof-
phons NimsS1paRy o corposite are studied as oa tunction of WC-vol- Fe-io (mefal-merallord) glasses (HY 700 dr pe,
e rraction, in order to present an eaperimental formuiation 1107 i ve B0, exhibit laraer Pe-¥e distarci®
of particle-dispersion nardening in an arorphous structure { . 2,57 nm), bﬁflijvﬁ bear, found e nw 3 sigrifi-
he obtained a Cuctile-amorphous Ni-gSipoB)o composite with . cant higher thermal stability. Therefore it is of some inter-

2st to study svstematicallv diffusior in these binary as well
as in some terrarv Fe-Zr-R glasses. The ~amples were produced
by melr spirnina in a4 helium atmesphere ~f about 200 mbar,

three dimensional Jistribution ot secvond phase particles, up to
200 for the volume fraction of W(, throughout an amorphous ma-
trin The Youny's modulus of ar amorphous composite(E) in-

creases as the volume fraction (V! of W increages; and at- e shown elsewhere information on diffusivity can be abtained 1
tains, for 18.2% WC-volume fraction, 20130 kg/mm~; this value from the kinetics of crvstallization (1). Using this method
is 2,2 times higher than that of a non-dispersed amorphous ul- diffusivities estimated in Fe-2r-R glasses have been frund to
loy (Fig. 1. This incre-se is excellently expressed as a mix- cbey  auite reascnable an Arrheg&us type relationship with
ture rule tupper bound rule) of two phuse materials: pre-exponential factors of 2°+10 m?/s 1in Fe-R glasses and 1
Fo= Emtl-Vgl o+ EpVy Q3 20 m2/s in Fe-7v glasses as well as activatici eneraies of
where Ep, and bp are the Youny's modulus of the matrix and the 180 and 305 kJ/mol, respectively.
second phasg pQ?ticles‘respegtlvelyA The vield stress ror,?n At least three diffusion mechanisms should be considered in
:Togggﬁgzd\;;gzl%ggléeggzgggé;i' . ] metal;1§ glasses ?2): extended vacancy, coope;ativn, and in-
N - e . o WC - disperses terstitial mecharisms. Cur results will be discussed on the
?'YC] 0? the DlabFl‘ sprlng-ba\. N8y // l basis of actual structural models of these glasses (3) taking
in bending, also increases with o 4 ; into account the differences in diameter between Zr- and E-

increasing volume fraction; and }
the ratio of Young's modulus to g'e-
vield stress(E/ayc) is found to 2
be constant within this study's '~ J

ExEnii-v) o Ecw ﬁ2° atems as well as Fe-atoms (0.286 vs. 0.164 nm: Fe: 0.234 nm).

: In addition, for checking such a geometrical explanation dif-
fusion cdata from Co-Zr-B glasses will be used, because Co
pcssesses about the same atomic diameter as Fe bu* exhibits a

;2?z§t0§st2§o;21:g? 523;§i22 of g“* . i’é differert electronic structure.

t:at of tthnOn-disperseé §110y P « (1) t'.Késter, U.Herold, A.Becker, Proc. Int. Conf. on Rapidly
iemﬁzé)éer;izhn;hi;;eiqﬁgs;gns. H . j Nuenched Metals IV (Serndai 1981), p.587

law of the yield_stress for an )'“;// Eu=““ﬁqmw:+m (2} M.Ahmadzadeh, B.Cantor, .Non-Cryst.Solids 43 (1981), 18a
amorgh?u? jo?ﬁff{ff 7;:_111 (3 a- ' (3) H.5.Chen, K.T.Aust, Y.Waseda, J.MNon-Crvst.Solids 46
hhorc); isytho ;iewﬁvgtross f;r 2 0 % {1281y, 307

NI votume rOCtor Ve e

a non-d}spersed amorphous alloy.
Fic. 1

N7 CRYSTALLIZATION KINETICS OF AMORPHOUS Co-Gd RIBBONS N9 PREDICTION OF GLASS FORMING ABILITY FOR SOME
AND FILMS. F. F. Luborsky, General Electric Corporate BINARY AND TERNARY ALLQY SYSTEMS IN RELATION TO
Research and Development, Schenmectady, NY 12301 USA EQUILIBRIUM PHASE DIAGRAM. Sung H. Whang, Institute

of Chemical Analysis, Northeastern University, Boston,
MA 02115 USA

Amorphous films with compositions of approximately Despite increasing understanding of glass forming
Co 00dyo are of particular interest for use in thermomag- behavior from kinetic and thermodynamic points of view,
negxc recording systems. In such systems it is necessary to it has been a difficult task to predict the precise ¢ s3s
heat the recording area to ~ 200°C many times for short forming ability of a given composition.
periods. It is thus necessary to know the ultimate lifetime Recently, some progress has been made in this area due
of the film, defined here as the time-temperature exposure to the use of two parameter maps to predict glass forming
to initiate crystallization. The films were prepared by property of an alloy composition. One of the approaches
sputter deposition. The beginning of crystallization was is to use two parameters such as reduced liquid tempera-
obtained from resistivity, p, vs. temperature curves as the ture and reduced eutectic composition, both of which are
temperature at which the p started to drop. This measure derived from equilibrium phase diagram. Fnllowing
for the beginning of crystallization was confirmed by x-~ray previous investigations of a few binary alloy systems,
diffraction. In addition ribbons of amorphous Co Gd, _ have binary alloys containing Group IB (Cu, Ag, Au) and Group
been prepared by melt spinning with compositions from 35 ¢ 1 IVA (Ge, Sn, Pb) elements are subjects of the current
< 5S. Amorphous ribbons could not be prepared outside this study. This study also includes ternary alloys,
range. Differential scanning calorimetry, DSC, and resis- Ti-Zr-Si and Ti-Ir-B.
tivity, p, were both used to study the kinetics of crystall- The following are some of the topics discussed about
ization of these ribbons. The DSC gave single exothermic the suggested model in this paper

peaks. The beginning of crystallization from DSC was taken

as the beginning of the exothermic peak. The Kissinger 1. Ideal liquidus temperature

method was used to obtain the activation energy, AE from 2. Linear Ty model

both the DSC and p using various constant heating rates. On 3. GFA of a metalloid-rich composition
the ribbom samples, where both methods could be used, the 4. Kinetic points of view

two methods gave the same results; the AE for the inception

of crystallizstion varied from 4.3 eV for x = 0.35 to 2.8 eV Sponsored by the Office of Naval Research
for x = 45 to 4.5 eV for x = 55. For the films using the p,

for two different thicknesses, ~ 0.1 pm and ~ 2 um, AE was

1.2 eV. The value of the exponment n in the Johnson-Mehl-

Avrami equation X = 1 - exp (-kt ) was also evaluated where
X is the fraction of material crystallized in time t and k
is the rate constant. These results are discussesd in terms

of the possible atomic mechanisms involved in the crystalli-
zation and the expected ultimate lifetime of the films.
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SESSION O: ELECTRONIC PROPERTIES 11l

01 LOW TEMPERATURE SPECIFIC HFAT OF Fe-7r and MNi-Zr
AMORPHOUS ALLOYS.#* David ¢. Onn and L. Q. Wang, University
of Delaware, Newark, DE 19711 USA, and Y. Obi and K.
Fukamichi, Research Institute for Iron, Steel and Other
Metals, Tohoku University, Sendai-980, Japan

We have determined the specific heat Cp from 0.6 K to
40 K of the amorphous metal alloys Nijgo_yx7r, (x = 35,55,
65,75) and Fe00-x2rx (x = 10,60,65,70,75,80). The Ni-
based alloys are superconducting for x > 37:2 and paramagne-
tic for other compositions. The Fe-based alloys are super-
conducting for x > 68*2. At higher Fe concentrations the
specific heat and magnetic susceptibility show spin-glass
and, for FegpZryig ferromagnetic and spin-glass behaviors.

From Cp we obtain the electronic density of states Ng
(Er) and the Debye temperature Pp(0). We find that for the
alloys we have studied, and for Cu-Zr alloys, the factor
n= NO(EF)<IZ> is composition independent and the same for
the three alloy series. In addition Op(0) has an identical
trend for all three series. From these results we conclude
that T, of amorphous Zr will be 5.1 K 1in excellent agree-
ment with the value observed for sputtered amorphous Zr
films.

Other results tc be discussed include the electronic
specific heat for T<T. and the phonon specific heat for
T>>T.. FElectrical resistivity and thermopower results for
many of these alloys will also be presented.

*Research supported by NSF.

02 FLUX FLOW RESTSTIVITY AND CRITICAL FIELDS IN AMORPHOUS
SUPERCONDUCTORS. $.J. Poon, University of Virginia,
Charlottesville, VA 22901 USA

Flux flow resistivity og, lower critical field H.j, and
upper critical field Hcy in extreme type II (x = 70-80) amor-
phous bulk superconductors with minimal flux pinning force
have been studied. Results on H1(T) and H¢(T) are found to
depend on sample conditions. The low-field (Hcy <H <<H.3) and
high-field (H = H.p) flux flow resistivity can only be account-
ed for if both normal dissipation terms (Bardeen-Stephen,
Tinkham), and anomalous terms in the time-dependent micro-
scopic theory (Gor'kov-Kopnin, Thompsom, Takayama-Ebisawa)
are included. Universal scalings in the viscosity coefficient
are also observed. The lower critical fields follow che
theoretical predictions of Maki. Combining critical field and
specific heat data, a consistent test of the theories of
'dirty' superconductors can be made. The different trends in
the critical fields of homogeneous and inhomogeneous samples
are presented and discussed.

03 ON 'HE EZLECTRONIC STRUCTUKREL ANbL =
RESISTIVITY OF GLASSY METALE. U. Krew, h. gescnoz,
and wW. Fembacher, Univ. of Regensburg ., F.k.5.

The electronic structure and the electrical re=-
sistivity of liquid and glassy metals are ca.cu.a=-
ted numerically for large structural models ov
means of recursive techrniques. For the resig’ v
this implies a direct evaluation of the Kuto o
mula.

From cur studies of the density of states gLz,
and of the electronic structure function Ly K,2, we
find that for sseivctrons in the region of &y ¥ Kp
/2 (k.=1.6 4= | Nagel-Tauc condition , the
wavenuﬁber is relatively well defir=d, whereas for
k-values larger than 3 A~' it is il!-defined. On
the other hand, in contrast toc a commos spinion
the conductivity of the s-slectrons is nct minimal
under the Nagle-Tauc conditicn.

Generally, our numerical values for the resist.-
vity fit quite well to experimental numbers.

Additionally the localization properties cf the
s-electrons are studied and it is found that nct
more than roughly ten per cent of the states, with
energies near the band edges, are localized.

Also for d-electrons results will be presented.

(Y

04 APPLICATION OF DIFFRACTION MODEL TO AMORPHOUS gZa.
P. J. Cote and L. V. Meisel, US Army Armament Research &
Development Command, Large Caliber Weapon Systems Laboratory,
Benet Weapons Labaratory, Watervliec, WY 12189

The diffraction model for electron transport s expected
to be valid when the electron mean free path {s substantially
greater than the fonic spacing. A proper test of transport
theory for metallic glasses (extended Ziman theory) has not
been possible due to the generally high resistivity values for
these alloys. Matguda and Mizutani have recently provided
extensive data on low resistivity amorphous MgZn alloys where
the model {s more likely to apply. These alloys are wel.
characterized so that information i{s available on the
parameters needed for computations of resistivity and its
temperature dependence. 1In this paper we present results
computed with the diffraction model, using the phase shift
expansion for the scattering matrix elemeants, structure factors
appropriate for an amorphous Debye <olid and {ncorporating
phonon ineffectiveness effects. Extended Ziman theory
results, neglecting phonon {neffectiveness (l.e., for (nfinite
electron mean free path A) are Lla gial{tative agreement with
experiment., Nuantitative agreement s found when phonon
ineffectiveness effects (finite A) are tncorporated.
Theoretical and experimental results are yiven f{n the table far
the position Ty of the resistivity maxima {n the ., vs, T
curves, the coeffictent A of T2 in the low temperature region
where p = 0y + ATZ, and the magnitude of the room temperature

-0,97 -1,2 -1.9

TCR,
'::Zi:’.i::fZ:L:T:@ER'_Y'.IILL‘.I;Z.‘&Kﬁfi&ﬁiﬁ;
anA S 1.7 |
Ty(K) I an | VT |
198 (k=2) 1.01 aar | 150 :
t

1Y TER()




— -y w— Mgs Shas Soa- o Shac S2aat Jhunt i Shesy St Siegsd San St Sae 4 et aie dhee giue Jie~a it -l SR S A
CIAC I Iy i dte- fath S St Sash g et J Pt T et it e T YT " T - - . 2

PAIR DISTRIBUTION FUNCTIONS AND THE ELECTRONIC i

PROFERTIES OF LIQUID AND AMORPHCUS METALS, D. Nicholson, Oak '

. Ridge National Laboratory, Oak Ridge TN 3783C, A. Chowdary,

- Brandeis University, Waltham MA (2254, and L. Schwartz,
Schlumberger-Dol! Research, Ridgefield CT 06877.
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In a series of recent papers we have shown that a id srtate.
satisfactory description of the electronic properties of interest u» cumpare the mugnetic properties > amcrpn o
strong scattering 1liquid and amorphous metals can bte state with these in their lijuld ztate.  The present paper
obtained by applying the effective medium approximation iescribes experimental results on the magnetic susceptibility
(EMA) to the muffin tin model. 1In this approach the short in the liquidus of Fe);j.xBx (15sx$2%), Cojpg-xBx (15<xs27)
range order of the system enters the calculation via the and Wijgg-xBx (19<x$37) allcys.
radial distribution function. [In the case of two component Measurements of tYhe maghetis succettibility s were onpried
systems, we require three functions which describe the AA, out at temperatures up to Lu50 X by using a magnetic balance
AB, and BB correlations.] An essential feature of the in fields up to 15 kOe. Figure 1 shows the temperature de-
theory is the fact that the pair distributions must satisfy venderce of 1/y of Fe-B alloys together with the temperature
physical requirements in both coordinate space and momentum lependence O magnetization g
space. For example, g(R) must vanish for R less than some at Lt kOe. As seen in the

effective hard sphere cutoff while its Fourier transform “lgure, o in the ligquidus of
must be such that the structure function s(k) is non- Fe-B alloys ubeys the Curie
negative. Experimentally determined g(R), because they are Weiss' law. Note here that
based on uncertain data that extends over only a limited the paramagnetic Curie temper-
range of momentum space, do not usually satisfy these ature 3p(L) for 1521 at¥B-Fe 5
constraints., To overcome this difficulty, we have developed is in agreement well with the - §
a Monte Carlo procedure that introduces very small changes Curie temperature To of amcr- g 3
in the experimentally derived g(R) and s(k) in such a way as phous state, while that for € :
to guarantee consistency with the requirements described 23125 at%B-Fe is about 100°C ; B
above. We use this technique to study the temperature lower than To. . "'.
dependence of the electronic spectrum and the electrical These results will be dis- z A
resistivity in amorphous metals. In  particular we cussed in connection with the = z
calculate, ab initio, negative temperature coefficients of atomic structure of the liguid = H
the resistivity for systems whose Fermi energy lies within and amorphous state. H R
the structure induced minimum of the electronic density of ‘;’ §
states, 2
Tig.l. Temperature dependence -
of the inversed susceptibi-
lity 1/x and magnetization
at 15 xOle.
a0G [lee] 1200 ISOC‘:\
TEVPERATURE . T X!
ne STABILITY AND FLECTRONIC PROPERTIES OF Zr=%i GLASSES™

D. 4. Kroeger, C. €. Korh, J, . S-arbrough, and €. 4,
McKanmey, Merals and cCerami-s Division, 7ak Ridge “ational

Laboratory, Gak Ridge, Tennessee 17330 USA
. The kineti-s of -rvsrallization and the low terperature
. specrifils heat of 7Zr=%i plasses nave been wasured as 3 func-
. rion of -ompositrfon {n the “r-ri-h par- of rhe glass~forming
:-. range, The act{vatinn enerav an< o {ited with the “{rst
- crysrallization peak exhinirs a s ronyg maxinun in the regl
of the compound “r,%i and rhe Aeirby & tecrcoar w305 T
and the denstty of ele-truoni- srates ar the Ferni level
exhi{bits unusual bDehavisr "ear the eutest{~ whi-% suggests
" signifi-ant changes {1 short range rder. This apparent R
- correlation between ele rran{ - properties and srabilfry ot J
the glass will be dis-nsgrd 17 relatisn = curren? fdegs on 4
stabiliry and 2lass forming "enien |
’ —_——— b
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SESSION P: ELECTRONIC PROPERTIES 111

n ELECTRONIC STRUCTURE AND PROPERTIES
OF LIQUID AND AMORPHOUS ALLOYS
F. Cynot-Lackmann
Groupe des Transitions de Phases, C.N.R.S.
B.P. 166, 38042 Greuoble Cedex, France

We described the methods available for calculating the
density of states of pure and alloys of liquid and amorphous
transition metals with particular emphasis on the tight-bin-
ding description of the d band. We show, using various struc-
tural models, that the electronic properties are more sensi-
tive to local compacity than to local geometry. For alloys
chemical short range order is shown to be the most important
parameter for the electronic structure and macroscopic pro-
perties in agreement with receunt spectroscopical experiments.
We applied these calculations to the thermodynamical proper-
ties of liquid slloys between transition metal and p-metals
(Si, Ge, Al). e calculate the mixing entropy and enthalpy
whose strong negative behaviours are shown to be due to the
electronic contribution. There is a charge rearrangement of
the valence electrons of the p metal with the d band of the
transition metal which explains the position of the minimum
in these quantities. We finally discuss elastic properties of
amorphous materials, explaining the decrease of the shear
modulus in the amorphous state compared to the crystalline
one.

P2 ELECTR?NIC STRUCTUR: CALCULATION FOR AMORPHOUS ALLOYS
Takeo Fujiwara¥, Max-Planck-Institut fiir Festkdrperforschung,
7000 Stuttgart 50, Federal Republik of Germany

A review of the electronic structure calculations for
amorphous metals and metallic alloys will be given. The most
conventional method is the calculation in an idealized
fictitious "crystalline” structure. Another conventional way
may be the equation of motion (or the moment expansion)
method in a constructed model amorphous system, by using the

tight-binding parameters determined in the crystalline system.

Here, enphasis will be on the method of the IMTO (linear
muffin-tin orbital) directly appiied to constructed model
amorphous alloys, such as Fe-B, Fe-P and Cu-Zr. The
potentail parameters are determined in the muffin-tin
potentials of model amorphous alloys and the local densities
of states are calculated by the recursion method. The
procedure can be pursued in a selfconsistent way under the
c~undition of fixed structural models. The local densities of
states show a strong hybridization between d and p states or
between {1 and 4 states, which is in a good agreement with the
axperimentally observed XPS, UP5 and x-ray emission spectra.

The recent, progress for extending the above method will
alsc be reported.

% termanent Address; To-*‘*ute of Materials Science,
‘niversity of Tsukuba, Ibaraki 309, Japan

o e

P3 PHOTOEMISSION AND NUCLEAR RESONANCE SPECTRUSCOPY.
M. Tenhover, Department of Research, The Standard 0il Co.
(OHIO), Warrensville Heights, OH 44128, USA

The most informative aspect of the electronic structure
of metallic glasses is the electronic density of states
function D(E). Direct methods for experimently obtaining
D(E} involve photoemission techniques such as Ultraviolet
Photoemission Spectroscopy (UPS) and X-ray Photoemission
Spectroscopy (XPS). In the first section of this talk, the
application of these techniques to the various types of
metallic glasses will be reviewed. The remainder of the
talk will focus on recent results on early transition metal
based glasses such as Zr-3d, Zr-4d, and Y-3d alloys. XPS
and UPS measurements have provided a wealth of information
on the electronic structure of these glasses. The
relationship of the photoemission results to such topics as
superconductivity, low temperature heat capacity, localized
magnetic moment .formation, and trends in electron density
deduced from Mossbauer experiments will be discussed.
Special emphasis will be piaced on the differences betwcen
the photoemission spectra of crystalline and glassy alloys.

‘A & & e
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SESSION Q: ELECTROUNIC PROPERTIES 1V

Ql THE ELECTRONIC DCNSITY OF STATES OF
AMORPHOUS YTTRIUM:-IRON AND TERBIUM-IRON BASED ALLOYS.
G. A. N. Connell, J. W. Allen, Se-Jung Oh, and R. Allen, Xerox Palo
Alto Research Center, Palo Alto, CA 94304 USA.

Amorphous Y, ,,Fe, o and Tby,,(Fe, _ M,), ;, alloys with M=V,
Mn, Co and Cu were prepared by rf sputtering in a UHV.system.
Photoemission and inverse photoemission measurements were then
performed to obtain the magnetic moment of the iron from its 3S-
cor: level splitting’ and the density of iron d-states within £10 eV of
the Fermi level. In the Tb-based alloys, the locations of the f-levels
were also obtained. Assuming a value of 1.8 eV for the exchange
splitting of iron, we are able to decompose the measured density of
states into majority and minority spin bands and show that this
decomposition is consistent with the iron 3S-splitting. The analysis
also implies that charge transfer between the rare-earth or (pseudo-
rare earth) and iron is rather small or zero and that the majority spin
band is almost full.

These results can then be used to discuss the behavior of the
iron-moment in amorphous Tb-Fe alloys when iron is replaced by
other 3d-transition metals. In this case, the experimental trends are
obtained from low-temperature magneto-optical measurements,? and
the connection between them and the density of states is provided by
the Friedel model and the calculations of Malozemolf et al.’

in this paper, we will also discuss the extent to which these
specific results for amorphous Y-Fe and Tb-fe ailoys carry over to
other rare earth-transition metal alloys, and what similarities and
differences there appears to be with simple metglasses containing
equivalent amounts of iron.

1. S.P. Kowalczyk, F.R. McFeely, |.. Ley and D.A. Shirley, Mag. and
Magn. Mats. (AIP, NY 1975), p. 207, 1974.

2. G.AN. Connell and R. Allen, J. Mag. and Mag. Mater.,, 1983 (in
press).

3. A. P. Malozemoff, A. R. Williams, K. Terakura, and V. .. Moruzzi,
J. Mag. and Mag. Mater. 35, 1983 (in press).

Q2 THE ELECTRONIC STRUCTURE OF METALLIC GLASSES
P. Oelhafen, U.M. Gubler, G. Indlekofer, R. Lapka,
H.-J. Gilintherodt, Institut fiir Physik, Universitit
Basel, CH-4056 Basel, Switzerland, C.F. Hague,
Laboratoire de Chimie Physique, Université P. et M.
Curie, F-75231 Paris Cedex 05, and V.L. Moruzzi
and A.R. Williams, IBM Yorktown Heights, N.Y. 10598

We have studied the electronic structure of a
great variety of glassy alloys by electron spectros-
copy, X-ray emission spectroscopy and self consist-
ent energy band calculations. The d-bands of the
minority constituents in the 2Zr based transition
metal glasses show interesting alloying effects in
the various alloys Aerloo_x(A =v,Cr,Mn,Fe,Co,Ni,Cu,
Rh,Pd and Au, with x approximately 25). The
measured and calculated state densities are in close
agreement and account for the observed trends in the
superconducting transition temperatures.

The electronic structure of several actinide
glasses (e.g. U-Co, U-Ni and Th-Cu) have been
examined experimentally and a distinct dominance of
the actinide Sf and 6d electron states near the
Fermi level has been found.

The glassy normal metal alloy Mg-Zn has been
studied and will be compared with Ca-Af. In con-
trast to the latter one no valence band band splitt-
ing and no structure induced minimum in the state
density near the Fermi level has been observed.

Q3 THEORY OF PHONON-CONTROLLED CONDUCTIVITY IN
HIGH-RESISTIVITY METALS. W. Schirmacher and D, Belitz,
Physik-Department der Technischen Universitat Munchen,
D 8046 Garching, F. R, G.

We present a theory for the conductivity of disordered metal-
lic systems based on the mode coupling theory of Gotze(1978).
We use a model in which a zero temperature electron gas is
coupled to a phonon system in an environment allowing for
random scattering and random tunnelling. The conductivity is
expressed in terms of two frequency and temperature depen-
dent memory kernels describing density and current relaxa-
tion processes,and selfconsistency equations for these
functions are derived.

Solution nf these equations in the DC limit shows that
phonon-controlled tunnelling processes dominate the con~
ductivity if the electronic mean free path apprsaches the
deBroglie wavelength. The resulting competition hetween
scattering and tunnelling gives rise to anomalies of the
temperature-dependent conductivity which are frequently
observed in high-resistivity conductors as e. g. liquid
and amorphous alloys or A15 compounds.

Q3 THE ELECTRICAL RESISTIVITY OF LIQUID Fe-Ni, Fe-Co AND
Ni-Co ALLOYS. Y. Kita and Z. Morita, Department of Metallur-
gical Engineering, Osaka University, Suita, Osaka 565, Japan

A growing interest has been focused on the electronic
transport properties of liquid transition metals and their
alloys, both from a physical and a metallurgical viewpoint.
In order to perform a direct and precise measurement of the
electrical resistivity, p, of these liquid metals and alloys
at high temperature, the four-probe method has been improved
by constructing a newly-designed alumina cell in which the
four electrodes were composed of the same material as the
specimen.

The results of preliminary experiments on liquid Cu, Sn
and Cu-Sn by this method, i.e. "improved four-probe method",
were in excellent agreement with those of previous studies
by other investigators. Therefore, it was proved that this
method was quite suitable for the measurement of the elec-
trical resistivity of liquid metals at high temperature.

By use of this method, the electrical resistivities of
liquid Fe-Ni, Fe-Co and Ni-Co alloys have been measured at
temperatures from the liquidus to about 1650°C over the whole
concentration range.

For all of three systems, i.e. liquid Fe-Ni, Fe-Co and
Ni-Co, the experimental results can be summarized as follows:
(1) The electrical resistivity increased slowly and almost
linearly with increasing temperature in the studied tempera-
ture range.

(2) The electrical resistivity isotherm, showing composition
dependence, can be expressed by a smooth curve being convex

upward. No anomalous bump was observed.

(3) The temperature coefficient, dp/dt, hardly changed with

composition.

For liquid Ni-Co alloys, our results agreed with those
reported by Dupree et all),

The experimental results are discussed in relation to
extended Faber-Ziman theory.

A

S Ty

1) B.C.Dupree, J.E.Enderby, R.J.Newport and J.B.Van Zytveld:
Proc.3rd Inter.Conf.on Liquid Metals, Bristol, (1977),337
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s ELECTRICAL RESISTIVITY OF LIQUID CHROMIUM.
J. B. Van Zytveld,* Physics Dept., Calvin College, Grand
Rapids, MI 49506 USA

We have measured the electrical resistivity, p, of Cr
from room temperature to above 1ts melting point., The
resistivity, pp, of liquid Cr is found to be 150 * 5 ufi-cm,
and (p-pg)/ps = 0.27. We also report a melting temperature
for Cr of 1812 % 10°C. We compare pp with values calculated
on the extended Ziman theory, and examine the implications of
pg and p|, for the density of states for solid and liquid Cr.

Work supported by National Science Foundation Grants
DMR77-05213 and DMR 79-09969.

*Temporary address: Solid State Physics Program, Division
of Materials Research, National Science Foundation,
Washington, DC 20550.

06 ELECTRICAL RESISTIVITY AND HALL COEFFICIENT
OF GLASSY AND LIQUID ALLOYS.
A. Tschumi, T. Laubscher, R. Jeker, H.U. Kiinzi and
H.-J. Glntherodt, Institut fiir Physik, Universitdt
Basel, CH-4056 Basel, Switzerland

The electrical resistivity and the Hall co-
efficient of a variety of alloys have been studied
in the glassy and liquid state as a function of
concentration and temperature. The liquid state
covers the entire concentration range. The
temperature range varies from 4K up to the liquid
state. Our main aim is a comparison of the data
in the glassy and liquid state. The investigated
examples are Ca-A%, U-alloys with Fe, Co and Ni,
Zr~ and Ti-alloys with Fe, Co, Ni, Rh, P4, Pt, Au
and Cu, (FexNij}-x)79By13Sijp alloys and Co-alloys
across the series of the rare earths (Co3gREgg).
These detailed experimental results provide a clear
insight into the systematic variation of the
negative temperature coefficient of the electrical
resistivity and the positive Hall coefficient which
will be discussed in the framework of recent
theories cf the electrical resistivity and the
Hall coefficient.

o ACCEPTOR BAND TRANSPORT IN Se-Te LIQUID SEM]-
CONDUCTOR ALLOYS. M. Cutler and H. Rasolondraranitra,
Oregon State University, Corvallis, OR 97331 USA* It
has long been suggested that the increased activation
energy of the electrical conductivity - at high T
observed in SexTel_x at compositions x - 0.3 to 0.7, is

due to acceptor states created by broken bonds. But the
absence of a corresponding break in the linear de;en-
dence of the thermopower S on 1/7 has caused difficulty
in this explanation. We have recently found such breaks
in S at compositions 0.5 < x < 0.8 and have rade a
two-band analysis of S and ¢ in terms of added transport
in a narrow acceptor band. [t is possible to deduce
from the analysis the total number of states and the
fraction of holes in the acceptor band, the average
mobility Ly of the acceptor band states, and the

acceptor state energy EA in relation to the valence band
edge. by increases rapidly as the number of states in

the band increases, indicating that delocalization of an
increasing fraction of the states is a primary factor.
Although EA becomes negative at high T, acceptor band

transport is appreciable while the states are still
above the valence band edge. It has not yet been
possible to quantitatively characterize the acceptor
band at high T or at x < 0.5, where the transition to a
metal takes place. But the persistent pattern of the
conductivity curves indicates that when this transition
takes place, transport is primarily in the acceptor
band, which is no Tonger narrow.

*Supported by NSF Grant OMR8Q-23682
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SESSION R:  ELECTRONIC PROPERTIES V

RI1 THE HALL EFFECT TN AMORPHOUS METALS. G,
Weir, MoAL Howsoen, Physics Department, The
‘ngland.

Morgan, u.b.
University of Leeds,

The Hall effect in many amorphous allovs is positive as
indecd it is for many transition metals and transition metal
allovs. We have investigated the Hall eftect within the
random phase model for a hard sphere model of an amorphous
or liquid metal, Although we find positive contributions
the overall sign of the Hall cffect remains negative in this
simple approximation. We suggest that the origin of the
positive sign lies in hybridisation between s and d
electrons.

We have devised a method for simulating the Hall effect by
studying the diffusion of electrons in a magnetic field.
Results for a 'sample’ containing * 10 atoms show that the
effect is of the same level as the noise but that the experi-
ment should be possible by increasing the dimensions of the
sample within reasonable limits.

R2 VALENCE CONFIGURATION OF CERIUM IN AMORPHOUS Cep-ySiy
ALLOYS. . Malterre, J. Durand and G. Marchal, Université de
Nancy - I, 5450 Vandoeuvre-les-Nancy (France)

In order to analyse the effects of the structural di-
sorder on the valence confipurations of Ce in amorphous alloys,
we compare the magnetic properties of amorphous Ce1-,; Siy al-
loys with those reported for Ce Siy (1.5% < x < 2) crystalline
compounds [1]. Cel-y Si,, amorphous alloys were procuced over a
broad concentration x‘ange (.25 <y < 1) by coevaporation onto
a liquid-nitrogen cooled substrate. Low-temperature magnetiza-
tion (H < 50 kG) and temperature dependence (2 < T < 250 K) of
the initial susceptibility were measured on samples “of various
compositions, with a special attention on alloys whose composi~
tion is close to Ce Siy. In the crystalline state, indeed, two
types of magnetic behaviours were observed depending on the
concentration ranges. Crystalline Ce 51, compounds with 1.85
< x < 2 exhibit a non-magnetic Lehavxour at low temperature
together with an anomalous high-temperature dependence of the
susceptibility, which is attributed to a spin—fluctuation tem=
perature of the order 300 K. Crystalline Ce 5i, compounds with
1.55 < x < 1.30 are magnetically ordered below 10 K, but with
a very low saturation roment assigned to a dense Kondo effect,
while the high .;emp?r‘atvm susceptitility follows the behaviour
expected for Ce’* ions. The magnetic properties of amorphous
alloys over both concentration ranges markedly depart from
those found in the crystalline counterparts. The amorphous
Teuwplleg 1¢ not rra;r,ﬁ(’-tically ordered above 2 ¥. The suscepti-
Lility above 170 ¥ provides the e ionic ’.‘urie—‘.-]eiss cons-
tant, while f:rystal-.'iel'l effects occur at low terperature.

v the other hand, on a Teza isz arcr‘,vhous alloy, depression
of *he o moment I cloerved! at Ligh terperature and at low
cemperature as welly s :ugy‘ 1+ ar inhomogeneous admixture
~f valence “OnflPUrl iong. Thene riring cffects of structu-
rl diservier are i . *ke light of other Jata concer—
ning he alence staten to the atomic on~
virorme .,

w1, 773,

Taroh, ST Tlate Corm,
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RS CHARACTERIZATION OF THIN FILMS OF AMORPHOUS Cuy/ryoy
USENG OPTICAL AND ELECTRON SPECTRUSCOPY. J. Tcvea™, J oM Froge
TG0, Laboratoire d'Optique des Solides, Universiteé Fierre et
Marie Curie, % Flace Jussieu, 75230 PARIS Cedex U5,France. L.
Nevet, Institut d'Optique, Service 12, Bat.503, Universite
Paris-Sud, 91405 Orsay, France. Tran Manh Duc, IN2Py and Uni-
versite Claude Bernard, 69620 Villeurbanne, Franve.

Amorphous CuyZr oy (0.3<x<0.6) are sputtered from an alloy
target onto silica substrates held at room temperature. Reflec-
tance R and transmittance T measurements, performed in air at
normal incidence, show modifications of the optical propertics
as a function of time, important essentially above 4eV, which
are related to the oxidation process. Different techniques are
used in order o characterize the superficial layer, i.e. Au-
ger ciectron microanalysis, ESCA, grazing-incidence X-ray
reflectivity. All these methods cvlearly show the existence of
a superficial oxide layer (Zr0»y) contalining a certain concen=
tration of Cu, the profile of which is given by Auper analy-
sis. Its total thickness is of the order of 30 A, with a very
porous structure at the extreme surface. The interface between
the oxide laver and the homogeneous a-CuZr alloy is well de-
fined. X-ray retlectivity also indicates the presence of a
transition layer at the interface of the homogeneous material
and the substrate, probably due to oxidation at the beginning
of the deposition process. This multilayer structure is used
in order to obtain more accurate values of the complex die-
lectric constant deduced from R and T measurements.
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Poster Session PA: THERMCLYNAMICS

Structural Change in Ligquid Iron and its Cilute Alloys
A.-H.K. Abdel-Aziz

Melting and Adiabats of the Alkali Metels at High Compressions
R. Eoehler and LC.A. Young

Self-Consistent Cetermination of the Structure and Resistivity of
Liquid Al and &n
J.L. Bretonnet and C. Regnaut

Bonding in Strongly Interacting Liquid Binary Alloys and Nuclear Spin
Relaxation
M. Elwenspoek, R. Brinkmann, M.v., Hartrott, V. Kiehl, P. Maxim,
C.A. Paulick, F. Willeke, and D. Quitmann

Iron-Base Liquid Alloy Densities-~-Measurement and Applicastion to
Macrosegregate Formation During Solidification
E.A. Feest, M.G. Nicholas, K.I. Moore, and E. Cantor

Reversible Temperature Pependence of the Structure Factor of an
Fe(81)P(&)C(11) Amorphous Alloy
Ph. Mangin, C. Tete, and G. Marchel

Estimation of Free Energies of Crystellization of Amorphous Alloys
H. Miura, S. Isa, and K. Omura

A Thermodynamic Model for Liquid Sodium-Caesium Alloys
F.E. Nezle end N.E. Cusack

Review of the Critical Point LCata of the Alkali Metals
k.w. Chse, J.-F. Babelot, J. Mzgill, and M. Hoch

Structure and Thermodynamics of the Liquid Noble Metals
C. kegnaut, E. Fusco, M.L. Rosinberg, and J.P. Badieli

€Li Spir.-Lattice Relaxetion in Liquid Li-Sn and Li-Si Alloys
C. ven der Marel, P. Heitjens, H. Ackerrann, B. Bader,
F. Freilander, C. Kiese, and H.-J. Stockmann

Core fizes and Forces as leduced from Cbserved Structure Factors
W.H. Young, M. Silbert, and A. Meyer

Poster Session PE: STRUCTURE T

Mossbauer Study in (InTe)(x) Sn(1-x) Obtained bty Splat Coolinrg
E. Arcondo, G. Quintzna, H. Sirkin, and F. Cernuschi




PE2  Locel Atomic Structure in Amorphous Mo(5C) Ni(5C) by Resonence ¥-Ray
Ciffraction Using Synchrotren Radiestion
S. Aur, L. Kofzalt, Y. Waseda, T. Egemi, H.S. Chen, E.J. Tec,
and R. Warg

PE?  Structural Study of Amorphous Eutectic Mg-Zn Alloy
P. Andonov and F. Chieux
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C.V. Baxter, A. Williams, and W.L. Johnson
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Mcssbauer Study
G, Czjzek, L. Weschenfelder, V. Cestreich, F. Schmidt, A. Vaures,
and M, Maurer
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A. Lefrain, L. Bosic, K. Cortes, and P. Gomes I's Costs

PEG A Structural Investigation of Pd(7€) E(24) Glassy Alloy
S. Enzo, G. Cocco, and A. Lucci
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A.M, Frank, L. Reoux, A. Nazudon, ard J.F. Sadoc
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L.K. Gaskill, J.A. Gardner, K.S. Krzne, anc R.L. FRasere

PE13 Superconductive Assessment of Fine-Scele Structurel Homogeneity in
Amorphous Alloys
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M. Ito, H. Iwasaki, N. Shiotani, H. Nerumi, T. Mizogucki, and
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PC1 Crystallization of Fe(8C)E(20) Metallic Clesses
E.E. Alp, M. Saporoschrenko, K. Simeon, end W.E. Brower, Jr.

FC2 A LSC Study of Structurzl Relsxation in Metzllic Clesses Prepared
b with Cifferent Quenching hates
a‘ L. Bettezzeti, G. Riontino, M. Baricco, A. Lucci, and F. Marino

PC2 Effects of Anneeling on Curie Temperature in Amcrphous
. Nitrogen-Bearing Fe-V-E-Si Alloys
> K.A. Bertress, K.V. Kaso, and H.H. Liebermanrn

PC4  Interdiffusion Studies in Metallic Glasses Usirg Corpositionally
Modulated Thin Films
k.C. Cammarate and A.L. Creer

Carbon Migration in the Amorrphous Alloy Fe(&1) E(12.5) Si(2.F) C(D)
es Studied by Magnetic Anisotropy Measurements
W. Chambron, F. Lancon, anc A, Chamberod

Investigeticn cf ttre Crystellization of the (Fe, CC, Ni, Cr, Mn) F, &i
Amorphous System
A. Czireki, E. Fogerassy, I. Szabo, E. Altert, znd K. Wetzig

Thermal Stability of Amorpbous VMetezllizations for Semiconductor LCevices
E.A. [obisz, C.E. Aeron, K.J. Guo, J.H. Perepezko, E.F. Thomes,
and J.L. Wiley

Investigetion cf Thermal Relexetion in Clessy Ni(&C-x)Fe(x)P(2C)
E. Fogerzssy, A. Eohonyei, A. Czireki, I. Szebo, G. Feigel,
T. Kemery, and I. Vincze

Anomely in Young's Modulus of Fe-Zr Amorpbous Alloys
K. Fukamicki, M. Kikucki, and T. Masumoto

Crysteallizestior Eetevior of EFinery Vetellic CGlesses Centeining Pt
Y.-C. Gac &rcd S.E. Wherg

Self-TLiffusion ir Liquicd Metals: £ Cenerclized Stokes-Finstein Fquation
T. Caskell

Pcster Sessior FL: ELECTRCNIC STRUCTURE I
Tempersture Lependence of thre Frequercy Spectrur of the Magretic
Fermeastility After-Effect ir Co-Fict Amcrphous Metels

F. £1lie end F. Vinei
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Electron-Phonon Coupling end the Temperature Coefficient of Resistivity
in Ni-Zr Glasses
Z. Altounian, R. Herris, and J.C. Strom-Olsen

Magnetic and NMR Studies of Amorphous and Crystzlline Ni-P Alloys
I. Bakonyi, P. Panissed, J. LCurand, and K. Hasegawe

Electronic Conduction in s-d Eand Liquid Metals
L.E. Ballentine, S.K. Bose, and J.E. Hammerberg

Magnetic, Electrical and Thermoelectric Studies of Metallic Glass
Fe(39)Ni(39)Mo(U4)Si(6)P(12)
A.K. Bhatnagar, E.B. Prasad, and N. Muniratnam

First-Principles Calculation of Electronic Structures of CuxZr(1-x) Glass
W.Y. Ching, L.W. Song, and S.8. Jaswal

Relation Between Magnetism and Superconductivity in Amorphous
Zr(1-x)Fe(x) Alloys
G. Chouteau and 0. Bethoux

Linewidth Asymmetries in the Mossbauer Zeeman Spectrum of
Amorphous Iron-Metalloid Alloys
M. Eibschutz, M.E. Lines, and H.S. Chen

Hall-Effect and Thermopower of Metzllic Glasses A
G. Fritsch, E. Luscher, J. Willer, and A. Schulte :

The Thermopowers of Amorphous Transition Metal Blloys and
Electron-Phonon Enhancement
B.L. Gallagher, A.E. Kaiser, and L. Greig 4
4
Electrical Resistivity of Eismuth, Germanium end Eismuth-Germanium
Alloys in the Liquid Stste
J.G. Gasser, M. Mayoufi, G. Ginter, and R. Kleim ’

Forming Ability and Stability of Amorphous Alloys M(x)Sn(1-x) :
(M=Cr, Mn,Fe,Co,Ni,Cu)
J.F. Geny, D. Malterre, M. Vergnat, M. Piecuch, and G. Marchal

Transport and Magnetic Properties of a- Ce(X)A1(10C-X)
A. Guessous, K. Matho, J. Mazuer, end J. Pzlleau

Experimental Evidence for a Structure-Induced Minimum of the

Censity of States at the Fermi Energy in Amorphous Alloys
P. Haussler, F. Baumann, J. Krieg, G. Indlekofer, P. Celbafen, ard
H.-J. Guntherodt

Atomic and Electronic Structures of the Ca-Al Metallic Class System
W.A, Hines, A. Psoluzi, J.I. Budnick, W.G. Clerk, and C.L. Tszai

The Hall Coefficients of Cu(x)Ti(10C-x) Amorprous NMetzllic Alloys
M.A. Howson, L. Greig, end E.L. Gallegher
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Poster Session PE: METAL-NCNMETAL TRANSITIONS
An NMR Comparison of Some Alkali-Antimony Alloys Around the
Metal-Nonmetal Transition

R. Cupree, L. Bottyan, and W. Freyland

Sad g o

Properties of Hot Expanded Liquid Aluminur
G.R. Gathers and M. Ross

Al M

Theory of Strong Scattering in Liquid Compound-Formirg Alloys
W. Geertsma and A.E. van Oosten

Self-Consistent Study of Chemical Short-Range Order and Charge
Transfer in Liquid Alloys
Ch. Holzhey, J. Franz, F. Brouers, and W. Schirmacher

Semiconductor-Metal Transition in Liquid Selenium-Tellurium Mixtures
at High Temperatures and Pressures
H. Hoshino, K. Tamuraz, and H. Endo

Normetal-Metal Trarsition in Liquid Pi-BiPr(3) Mixtures under Pressure
S. Hosokawa, H. Erdo, and H. Hoshino

The Specific Heat of Mercury zt Sub- end Super-Critical Temperatures
and Pressures
M. Levin and R.W. Schmitzler

Low-Angle Structure Factors of Expanded Liquid Rubidium
I.L. McLaughlin and W.H. Young

Electrical Conductivity cf Liquid ©s-CsI Mixtures
S. Sotier, H. Ehm, and F. Maidl

New Results in Liquid Alkali-Group IV-A Alloys
E.P. Alblas, C. van der Marel, W. Geertsma, J.A. Meijer,
A.B. van Oosten, J. LCijkstra, P.C. Stein, and W. van der Lugt

Thermodynamic Properties of Liquid Na-IVb Alloys
S. Tamaki, 8. Matsunaga, T. Ishiguro, and S. Takeda .

Poster Session PF: STRUCTURE II
Structural Relexstion of Fe-B Alloy by X-Ray Ciffraction
M. Laridjani, J.F. Sadoc, and R. Krishnen

Vibrational Dynamics of Liquid Tellurium :
K.J. Magana and J.S. Lannin ‘

Structure of Be 42 Hf(x)Zr(57-x) Metallic Glesses
M. Maret, A. Soper, G. Etherington, and C.N.J. Wagner

X-Ray LDiffraction Studies with Liquid Ni-B and Mn-8i Alloys
E. Nassif, P. Lamparter, and S. Steeb
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PF5 Structure snd Crystallizstion of Amorphous Co(7€)Mo(1€)B(R) Alloy
S. Ning-Fu, I.P. Jones, and J.N. Pratt

PF€  EXAFS Study of Electrodeposited Ni-P Rinary Alloys
T. Ckamoto and Y. Fukushimra

PF7 Crystsl-Field Effects in Amorphous £lloys Containing Preseodymium
J.C. Cusset, &. Carteloup, J. Durand, D. Fertrand, and A.R. Fert

PFE  Structural znd Electroctemical Effects Induced in Metallic Glasses by
Mechaniczl LCeformation
¥. Popescu and C. Miheaila

PFQ@  Mossbauer znd X~-Ray Studies of Amorrphous Fe(67) Co(18) B(14) 2i(1)
E. Ehenu Presed, A.K. Ehatnager, [. Ganesan, R. Jagannesthan, and
T.R. Anentharaman

FF1C Structural Homogeneity and Crystzllization of Amorpbous
Fe(81) E(13.5) Ei(3.5) C(2)
A. Leimkuhler Rosasco, R.E. Pond, Sr., end R.F. Green, Jr.

PF11 XPS and Mossbauer Study on Amorphous FeBSi Alloys
M. Taniwaki, K. Vakiuchi, M, Sugiyama, and M. Maeda

PF12 The Accuracy of Experimental Radial Cistribution Functions
E.J. Thijsse and J. Sietsma

PF13 Mossbauer Investigations of Amorphous Metzl-Metal Alloys
H.-G. wagner, M. Ghaferi, H.-P. Klein, and U. Gonser

PF14 The Effect of Quenching Temperzture on the Structure and Crystellization
of Glassy Nizr(2)
J.L. Walter, Z. Altounien, and J.C. Strom-0Olsen

PF15 An X-Ray Liffraction Study of Liquid Zinc
G. Etherington and C.N.J. Wagner

Poster Session PG: ATOMIC TRANSPCRT AND STRUCTURAL RELAXATION II
PG1  Re-Amorphisation of Crystallized (Fe(UC) Ni(40))(10 B(20)) by Neutron
Irradietion
R. Gerling, K. Wagner, and F.P. Sckimarsky

- PGZ Log Time Relexstion Kinetics and the Activetion Fnergy Spectrum Model
S ¥.R.J. Gibts, [.W. Stephens, and J.F. Fvetts

o PG? The Cilatometric Estimation of Free Volume in Thermslly Treated
- Ni(2€) Zr(€2) Samples
e E. Girt, K. Novelije, Z. Mejstorovic, and T. Mitac

e PG4  Calorimetric Evidence of Structural Changes in Trermal-Aged CuZr,
}x; NiZr, FeESi(C) and FeCoEST Amorphous flloys

M. Hermelin, Y. Calveyrec, A. Quivy, J. Figot, P. Burnier,
L; and M. Fayerc




PG5

PG6

PG7

PG8

PGS

PG10

PG11

PH1

PH2

PH3

PH6

PH7

PHE
PHS

o PH10

----------

Effects of Quench Rate and Cold [rewing on the Structurel FRelexation
and Young's Modulus of an Amorphous Pd (77.5)Cu(6)Si(1€.8) Wire
A. Inoue, H.S. Chen, J.T. Krezuse, and T. Masumotc

Young's Modulus of Fe-Besed Amorphous Invar Alloys
S. Ishio, Y. Sato, T. Ikeda, ard VM. Takahashi

Shock Wave Consolidetion cof an Amorphous Alloy
P. Kasiraj, L. Kosta, T. Vreeland, Jr., and T.J. Ahrens

Diffusion of Gold and Nickel in Metallic Glasses
M. Kijek and L.W. Palmer

Thermal Stability and Creep Behavior of Fe~Ni Metszllic Glesses
A, Kursumovic and E. Toloui

Thermal Stability, Megnetic and Mechanical Properties of Amorphous
Fe(80-x) M(x) B(14)S8i(6é) with M = Mn,Cr,V,Mo,W
S.T. Lin, H.E. Wu, and W.T. Ku
Crystallization Behevior in Amorphous Inter-Transition Metal Alloys
A.F. Marshell, R.G. Walmsley, Y.S. Lee, and D.BA. Stevenson

Poster Sessicen PH: ELECTRCNIC PRCPERTIES II

Theory of Electronic Trensport in Liquid Non-Simple Metals
M. Itoh, K. Niizeki, and M. Watabe

Electronic Structure of Transition Metal Glasses: Zr(x) T(1-x)
S.8. Jaswal and W.Y. Ching

Electrical Resistivities of Liquid Ag, In, Sn and Sb Solvents with
Light Rare Earth Solutes
F. Kakinuma, M. Harade, and S. Chno

(Withdrawn)

High-Frequency Properties in a Participle-Dispersed Amorphous

Co(7C.5)Fe(4.5)Si(10)B(15) Composite with Zero Magretostriction
K. Kimura, T. Masumoto, A. Makino, and T. Saszki

Thermoelectric Power of the Sn-Se Ligquid Alloy
C.H. Kurlat

Effect of Structural FRelaxation on Criticsl Fields BE(ec) and E(c2) and
Resistivity in Sputtered Amorpbous Alloys Zr(7€)Cu(2i) ancd Zr(TE€)Ni(2L)
0. Laborde, C. Bethoux, J.C. Lasjsurias, and 2. PRavex

Magnetic Properties of Amcrphous Metal-Metzlloid Alloys
E.w. Lau, T.K. Kim, and Y.F. Thm

Cptical Properties of Amorphcous Fe(1-x)F(x) Alloys
N. Lustig, L.J. Filione, K.C. Woo, anc J.S. lerrin

Crude Cpticel Properties cf Amorgptcus Nickel-Prespberus Blloys
S.w. McKrigkt zrc¢ E£. Itretir
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L.V. Meisel and P.J. Cote

Test of Ciffraction Model Predictions for Low Resistivity Amorprous Metals Z\
Effect of 2k(f)/K(p) on Flectron Transport and Density of States in

Hume-Rothery Type Metellic Classes ]

U. Mizutasni and K. Yoshino 3

h|

Calculation of Full Spectral Function for an Amorphous Transitiorn Metel

Cn the Stability of an Amorphous Hume-Rothery-Phase
H.J. Nowak

C.J. Morgsn and G.F. Weir
In-Situ Investigations of the Electronic Properties of Co-Fveporested
Amorphous MgZn Alloy Films
V. Nguyen Van, S. Fisson, and VM.-L. Theye
On the Nature of Bonding in Liquid Semiconductor Cs(2)Sb and Some B
Cther Alkali Antimonides —
K. Niizeki, H. Tanzka, and K. Shindo =
The Relativistic KKR-EMPA Censities of Stetes of Liquid Heavy _J
Polyvalent Metals -]
A. Nishikawa and K. Niizeki L
=

Magnetic Property of Transition Metal Sclutes in Liquid In, Sn, Sb, Te
end Se-Te Alloy Solvents
S. Chno >

L-C Electricel Kesistivity in the Arorphous-Crystezlline Trarsition of
Cu(€0)-Zr(4¢) Allcy System .
M.A. Ctooni ]
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Poster Sessicn PI: SURFACES ANC PYLCRITES
Thermodynamics of Hydrogen Absorptiorn in Amorphous Zr-Ni Alloys
K. Aoki, M. Kamecki, ard T. Masumoto

Experimental Study of lensity Profile in the Liquid-Vapor Interfece
of Mercury and Gallium
L. Bosio, R. Cortes, A. Tefrzin, and V. Curezine

Hydrogen ir Amorphous Magnetic FKe-TVM Allcys: A New Approacht
D.w. Forester, P. Lubitz, J.E. Schel.eng, and C. Vittorie

Monte Cerlo Simuletions of the Liquid-Vapor Interface of Sodiur-Cesiur
Alloys
J. Gryko end S.A FRice

Theory of Surface Properties of Liquid Metels
M. Hasegawa and VM. Watcbe
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Cistribution of Activation Energies in Zr(2)PdF(x)
L.E. Hazelton

Hydrogen irn Ni-Zr-B Metallic Classes
U. Koster and H.-W. Schroeder

Effects of Elementsl Additions and Superbeat on Melt Surfece Tensicr
and Metellic Glass Embrittlement
H.H. Liebermann

Surface Modes in Spin Weve Resonance in Thirn Arorphous Films
L.J. Maksymcwicz and C. Sendorek

Ciffusion of Hydroger in Some Amorrphous Alloys
Y. Szkamoto and K. Bsba

Electrochemical Characterization eof Amorphous end Micrcocrystellire Metels
R.G. welmsley, Y.S. Lee, A.F. Marshell, encd T.A. Stevenson

The Surface Composition of Liquid Fe-Mn ancd Fe-S Systems
J. Wang, M. Bian, and¢ L. Me

Poster Session PJ: MCLCELINC
Isotropic Verieticn in s(a) of the Smell Angle Scetterirg Cbtaired
from @ Censity Model Eesed on £ Eandom Space Functior (Pcirt Geometry®.
Aprlicetion to o = 2
E. Boucher, F. Crieux, P. Convert, arc V. Tournaire

Spectrur cf Electric Field-Grecdient Fluctuations ir liouid Fubicdium
J. Bosse and C. hetzel

Lisorder Structure of Molter Mcnatomic Metels, Semi-Metels, erd
Semiconductors
V. Levidovic, VM. Stcjic, end [j. Jevic
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Ccllective Excitetions in Metallic Glesses
J. Bafner

Structure cf Multi-Comporent Berd-Sphere Mixtures--Application to
the Liguid Li-Pb Allcys
K. Hoskirc

The Cisclinetion Model of MNon-Homogeneous Leformation in Amorphous Allcys
J. Gui and Z. Weng

Neture of Amorrphous and Liquid Structures-Computer Simulations and
Statisticel Geometry
M. Kimure end F. Yonezewe

Topological and Chemicel Crdering in a Two-Atoms Siruletecd Amorphous
Structure
F. Lencen, L. Eillard, and A. Chamberocd

A Computer-Simuleted Structural Model for Fe(RC)E(20)
L.J. Lewis and R. Harris

A Model for the Kinetics of TSRC end CSRC Structural Relaxetion in
Metzllic Glasses: Comparison with Experimental Results
I. Majewska-CGlebus, E.J. Thijsse, and S£. Radelaer

Geometricel Feastures of Lense Rendom-Packed Structure of Spheres
T. Nincmiye

Thermal Fressure Coefficients of Liouid Alkzli Metals
. Cno, I. Yokoyemz, arcd T. Satoh

Coupling of Two-Level Systems with (91)7r Nuclei in Zirconium-Fased
Amorrhous Alloys
A. Revex ancd J.C. Lesjaunies

Radiatior-Induced Growtk in Amorphous P3(€C) Si(20) and Cu(SC) Zr(&5C)
C. Schumescher, S. Klaumunzer, S£. Rentzsch, and G. Vogl

[isorderec Systems: Leterminetion of Effective Pair Potertials from
Exprerimertel Structure [ate
h. Sctommers

Mcleculer Lynamics Stucdy of Atomic-Level Structura] Paremeters in
Liguid end Amorprcous Metels
V. Vitek, S.F. Chen, end T. Egeri

Flux-Firrirg, Lefects, ancd Structurezl FRelexeticn in Amcrpbeous
Superccncducting Me(E) Ge(?) Filmrs
S. Yestizumi, W.lL. Certer, and T.F. Gebelle

Preror Trecry of Licuids erd Amerphous Metels: Extersior tc Uriverse
Gernerzlized [isorder vie Stetic Syrergetics
E. Siegel
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Poster Session PK: ELECTRONIC PRCPERTIES III

PK1  Ferromagnetic Resonance Study of Thermzl Stability in Fe(UC)INi(EC)P(20)
Amorphous Alloy

R.8. Parasher, C.S. Sunandanez, and A.K. Bhatnager ;f

-
PK2 Cn the Magnitude of Flectrical Resistivity of Amorphous, Liquid and 1%
Concentrated Crystalline Alloys

L. Pavuna

PKR On the Locel Density of Unoccuried d-Stztes in Trensition
Metal-Metalloid Metzllic Glasses
P.M. Pease, G. Hayes, M.C. Choi, J.J. Budnick, W.A. Hines,
and R. Heasegawa

PK4  Resistometric Study of Skort-Range Crdering in Metallic Glesses Having
Different Free-Volume Content
G. Riontino, P. Allia, and F. Vinai

PK5 Thermel Stability and Magnetic and Electrical Properties in Amorphcus
Re-Al Alloys
K. Shirakawa, K. Acki, and T. Mesumoto

PKé Electrical and Magnetic Properties of Amorphous FeZr and FeCd Films
T. Stobiecki, J. Sokulski, K. Kowalski, and F. Stobiecki

PK7 Resistivity and Hall Effect of Amorphous CdCo, CdCoMo and CoMo Films
T. Stobiecki, K. Kowalski, and J. Sokulski

PKE Muffin-Tin Model Calculetion of the Lensity of Stetes of Liquid Copper
M. St. Peters

PKG The Thermopower of Fe-B Metallic Glasses
J.C. Strom-Olsen, M, Clivier, end R.W. Cochrane

PK10 Modified C.P.A. Theory for Amcrphous and Crystzlline Alloys for
Constituents of Lifferent Eand Structure
B, Szpuner and P. Cawber

PK11 The Magnetic Properties of Liquid Cd-3b Alloys
P. Terzieff, K.L. Komerek, E. Wachtel, end E. Predel

PK12 Electrical Transport Properties of Metallic Glesses
C.L. Tsai and F.C. Lu

PK12 Compositior. Cependence of the Effective Hyperfine Field ir Amorphous
Fe-Early Transition Metal Alloys
K.M, Unruh end C.L. Chien

PK14 New Construction of First-Principles Pseudopotentisls and their
Aprlications to Liquid Meteals
M. Watabe and V. Hesegawe

PK15 Study of Magnetic Regimes in a-Fe(x)EB(100-x) bty I'C Magretizaticn

) Measurements
s L.J. webb, S.VM. Eheget, K. Moorjari, F.C. Satkiewicz, T.C. Poehler,
) and M.A. Manteimer
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: Poster Session PL: ATCMIC TRANSPORT ANC STRUCTURAL RFLAXATICN ITT 1
PL1 Activstion Energies for Crystzllization of Amorphous Fe-Mi-P-B Alloys 4

H. Miura and S. TIse J

El PLz Correlation of the Shear Modulus and Internel Friction in the Reversible 4
. Structural Relexetion of 2 Glassy Metel 2
- N. Morito and T. Egami g
- -1
- PL? Cn the Kinetics of Structurzl Relexztion in Amorphous Fe(4C) Ni(uC) B(2C) g
ﬁi A.L. Mulder, S. ven der Zwzag, and A. ven den Feukel i
4

‘ PL4  Kinetics of Crystasllization in the Cu(fC)-Zr(40) Alloy System :

M.A. Ctooni

PLE  Synthesis and Thermal Relexation of Metallic Clssses Quenched at
i Ambient and Elevated Substrate Temperatures
ﬂ S.J. Poon and S.E. Andersor

PR~ W)

- PLE Atomic Ciffusion and Structural Relaxetion in Amorphous Cufig Films
N I.M. Reda, A. Wagendristel, and H. Bargert

PL7  Superconductivity and Thermel Relaxeztion of Amorprous Be-Nb-Zr Alloys K
E. Riesemeier, K. Luders, H.C. Freyrtardt, and J. Reichelt '
PLE& Evolution of Phase Separation in Cu(0.5) Zr(0.5) Metzllic Classes ]

R. Schulz, K. Samwer, and W.L. Johnson

PLG  Enthelpy Relzxztion of Some Metallic Glasses Near Tg
R.C. Suzuki end P.H. Shingu

iL.'-‘.‘.'

PL10 Annez2ling Effects on Electrical Resistivity, Thermoelectric Power end -
Crystallization of Iron-Rich Metezllic Glasses Containing Molybdenum

S. Venketaraman, K.V. Reddy, Uno N. Virata Swaroor, .1

G. Venugcpal Reo, and A.K. Bhatnager

PL11 Formetion and Stability of Amorphous end Pert-Crystalline Zr(7€)Ni(24)
Alloys
E. Toloui, C. Gregan, and M.G. Scott

PL12 Tluctility and Swelling of Neutron-Irradiated Amorphous Fe(4C) Ni(40) B(2C)
R. Wagrer, K. Gerling, and F.P. Schimansky

- PL1* The Crystsllization Kiretics cf Amorpbous Selenium
o J.T. wWang, X.L. Wei, E.Z. Din, eand S.L. Li

P.G. Zielinski end [.G. £&st

- PL14 Crystellizeticn of Amorphous Alloys--Cetermination of Activation )
*! Energies from Electricel Resistivity Measurements ~
J. wolny, J. Soltys, L. Smerdz, J.M. Lubois, and A. Celke K

PL15 Low-Frequercy Internal Friction of Metellic Classes During Structure .

Relaxztion and Crystellizetion )

W. Xie, J. Gui, Z. Wang, end k. Zhou ;

PL1€ Relezxation and Embrittlement of Fe(4C) Ni(LC) Si(P) E(12) Gless R
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PL17 Glassy Pd-RE-Si Alloys: Formetion, Properties and Devitrification
Y.Q. Gao and B.C. Giessen

PL1€ Application of Anelyticsl Techniques to the Predication of Glass )
Formation ]
B.C. Giessen and Y.C. Geo
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POSTER SESSION PA: THERMODYNAMICS

PAY STRUCTURAL CHANGE IN LIQUID IRON AND ITS DILUTE
ALLCYS. Abol-Hassan K. Abdel-Aziz, Chem, Eng. Department,
*fac, Engineering, University of Alexandria, Egypt.

It was shown in a previous communication* that
published property polytherms for liquid iron approve
a proposal of a structural change in the melt in the
temperature range of 1873-1973 K. Further review of
published data confirms this proposal and shows that this
structural change is reflected on the temperature depend-
ence of the properties of molten dilute iron alloys. For
molten Fe-C alloys of different carton contents, the
observed structural change iemperatures permit the attempt
to draw phase boundary lines in the liquid region of the
Fe~C equilibrium diagram,
* Abol-Hassan K. Abdel-Aziz, "Effect of Temperature on
the Structure of Liquid Iron", Arch. Eisenhuttenw., (52)
8, (1981), pp. 317=20.

PAZ  MELTING AND ADIABATS OF THE ALKAL1 METALS AT HIGH
COMPRESSIONS. R. Boehler, University of California, Los
Angeles, CA 90024 USA, and D.A. Young, University of
California, Lawrence Livermore National Laboratory,
Livermore, CA 94550 USA

The melting temperatures of Li, hu, K, Rb, and Cs were
measured to 32 kbar (3.2 GPa) in a piston cylinder apparatus.
Hydrostatic pressure medium and in situ pressure and tempera-
ture measurement yleld accuracies in pressure of + 0.4 per-
cent and in temperature of + 0.25°C. Our results strongly
differ from measurements using solid, non hydrostatic pres-
sure m-dfa.

The adiabatic pressure derivative of temperature,
(3Th P)§, was measured in the same pressure cell to 32 kbar
and 500°C. We find a systematic linear decrease of 1In
(aT/aP)s versus volume to compressfons of over 50 percent.
Our experimental results are compared with theoretical cal-
culations of the melting curves and the adiabatic gradients
at high pressure.

The pressure and temperature dependence of the Gruneisen
parameter y was calculated from v = B¢/T (3T/aP)g, where
Bs is the adfiabatic bulk modulus. v decreases with pressure
in the 1iquid and in the solid state and increases by sever-
al percent at the liquid-solid transition. At constant
pressure, y decreases with temperature.

PA3 SELF CONSISTENT DETERMINATION OF THE STRUCTURE AND
RESISTIVITY OF LIQUID A{ AND Sn. J.L. Bretonnet, Laboratoire
de Physique des Milieux Condensés, Université de Metz, 57045
Metz, France and C. Regnaut, GR4 CNRS, Physique des liquides
et électrochimie, Tour 22, 4 place Jussieu, 75230 Paris 5,
France.

Accurate theoretical determination of the liquid structure
factor a(q) may be obtained from the pseudopential theory
and the thermodynamical perturbation approaches such as the
optimized random phase approximation (ORPA) and the optimized
cluster theory (OCT) III. Therefore, the resistivity derived
from Ziman's relation and a(q) may be self consistently
determined from the pseudopotential.

In this work, we focus on two representative polyvalent
simple metals : aluminium and tin. The first element's
structure factor is hard sphere fluid like, while in the case
of tin, the influence of the long range part of the pair
potential on the structure may not be neglected |2,3 . Here,
we mainly consider the nonlocal model potential of Shaw as
input and we use an improved ORPA development to determine
a(q) at low g. We analyze the influence of several factors
on a{g) and resistivity : i) The way of calculating the
exchange and correlation between electrons, considering
either the Vashishta-Singwi self consistent results or the
recent Ichimaru-Utsumi derivation. ii) The energy dependence
of the model potential using the effective masses corrections.
iii)} The choice of different depletion hole charge distribu-
tions. We find that in the model potential theory, these three
contributions have to be considered in order to discuss the
best agreement with experimental data of a(q), compressibility
and resistivity. The optimal results can be used to investi-
gate temperature or density dependence of these properties.

‘ll G. Kahl and J. Hafner, Phys. Chem. Lig. 12, 109 (1982)

2| C. Regnaut, J.P. Badiali and M. Dupont, J. Physique
(Paris) 41, C 8-603 (1980)

]3| J.L. Bretonnet, J.G. Gasser, A. Bath and R. Kleim, Phys.
Stat. Sol. (b) 114, 243 (1982)

PA4 BONDING IN STRONGLY INTERACTING LIQUID BINARY ALLOYS
AND NUCLEAR SPIN RELAXATION

M. Elwenspoek, R. Brinkmann, M. v.Hartrott, M. Kiehl, P. Maxim,
C.A. Paulick, F. Willeke, and D. Quitmann, lnstitut fiir Atom—
u. Festkdrperphysik, Freie Universitit Berlin, Arnimallee 14,
D-1000 Berlin 33, Fed. Rep. Germany

In metallic liquid binary A-B alloys with strongly attrac-
tive A-B interactions, the heat of feormation, short range
order, etc. are often discussed using models of association.
There is clear evidence for chemical short range order from
scattering, i.e. in gq-space. An experimental quantity which
samples (charge density fluctuations in) the neighbourhood of
a particular atom on a microscopic scale in r-space is nuclear
spin relaxation rate caused by electric, i.e. quadrupolar,
interaction (R ). We have found that drastic enhancements of
R_ occur rathe9 generally in alloys of s-p-metals with com-—
pdund forming tendency. That they correlate systematically
with thermodynamic properties has been pointed out for In-X
alloys earlier!. By considering number (n) and lifetime of
associatiors, and using a quasiternary solution model, we have
established a connection between the concentration and temper-
ature dependence of R. in liquid A-B alloys and AA, BB, AB
binding energies. TheQenergy parameters are derived from
macroscopic data, viz. thermodynamic tu-ctions (:H,'S,'Cp).
For In-Sb and In-Hg as examples, satis- T T
factory agreement is obtained, see fig. &
1. Steps required for a systematic and
quantitative extraction of information

2
about association from R, data, will -3 N \\\fﬂ'
be discussed. N = w00 Mo
(24
1 . =, Hg, In, "™Sp
E. Weihreter et al., Phys. lett. 76A ° —2 2
(1978) 394.
Fig. 1: in In  Hg., measurcd on the !

R
probe 1178sh using TBPAD.

Full line: associated model, normal- 0 b e o
&0 &0 B0
Tk}

ized at 650 K.
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PAS TRON BASE LIQUID ALLOY DENSITIES - MEASUREMENT AND
APPLICATION TO MACROSEGREGATE FORMATION DURING SOLICIFICATION

E.A. Feest & M.G. Nicholas (AERE Harwell, UK) and K.I. Moore
and B. Cantor {University of Oxford, UK).

A technique for measuring liquid metal alloy densities has
been developed based on the photographic measurement of
liquid droplet shape on a substrate.

Measurements within the Fe-Si system have shown that the
Tiguid density as a function of composition shows marked
deviations from linearity in the region of liquidus depres-
sion at + 20 wt’ Si and these results are related to avail-
able thermodynamic data.

Density measurements have also been made on compositions

corresponding to interdendritic enriched liquid regions of
commercial steels. These results are related to the under-
standing of macrosegregate formation during solidification.

PAG RCVERSIBLE TEMPERATURE DEPENDENCE OF THE STRUCTURE
FACTOR OF AN Fe8|P8C1| AMORPHOUS ALLOY. Ph. Mangin,

Institut Laue-Langevin, 156X, 38042 Grenoble,France , C. Tete,
Ecole des Mines, 54000 Nancy France and G. Marchal, Universi-
té Nancy 1, C.0. 140, 54037 Nancy Cédex

The temperature dependence of the structure of amorphous
alloys has been discussed theoretically by several authors,
mainly in terms of the Einstein or Debye models. The crudest
approximation predicts an evolution of S7(q) such as

Sple) = 1+ [Sp4(a) - 1] e W(a)
vhere W(q) is the Debye Waller coefficient. As a consequence
of this relation, the variation of ST(k) as a function of the
temperature must follow a quadratic law at low temperature
and a linear law at high temperature. Moreover, fixed points
must occur for q values such St.g (q) = }.

Up to now,very few accurate results have been published
in this area, in particular as concerns the second peak and
its splitting and the existence of fixed points.

We present here results obtained by neutron diffraction at
the Institut Laue-Langevin on a Feg|PgC)| amorphous alloy for
9.2 - q- 7 A=l and 4.2 < T < 500 K.

with the auxiliary equipment facilities (furnace on cryos-
tat), the use of multidetectors (covering 12° and 80°) and
the control of incident flux, a variation of 0.2 7 of the
scattered intensity could be detected.

we have determined the evolution of maxima and minima
vincluding the second peak and its splitting), we have mea-
sured the Debve-Waller coefficient and determined very accu-
ratelv the positions of the fixed points. These are compared
with these for which Sq.g (q) = 0.

PA7 ESTIMATION OF FREF ENERGIES OF CRYSTALLIZATION
OF AMORPHOUS ALLOYS. H. Miura, S. Isa, and K. Omurc,
Iron and Steel Technical College, Nishikoya, Amagasaki 661,
Japan

In order to estimate the free energy of crystallization
of an amorphous alloy, to begin with, the method of estimat-
ing the difference between the heat capacities, 'Cp, of the
supercooled liquid and crystalline solid states of the alloy
was presented. The data used here were the heat of crvstal-
lization, the crystallization temperature, and the melting
temperature of the amorphous alloy, which are relatively easy
to experimentally obtain, and the other data of the literature
for the constituent elements of the alloy such as the entropy
of fusion, the heat capacity of the element in liquid and
solid states. Here the entropies of fusion of the constituent
elements were employed to determine the heat of fusion of the
alloy additively from such entropies. The ACp thus obtained
for the FeyONis0P14Bg, PdRySii8, and CusgZras allovs were as
follows respectively.

ACp = 22.34 - 0.01146T [J/Kmol ]
ACp = 114.52 - 0.1038T [J/Kmol ]
Cp = 83.43 - 0.06945T [J/Kmol )

By using these equations, the values of the free energy
of crystallization, /Gc, of amorphous Fe4oNi4OP14Be, Pdg2Sils,
and Cu56Zr44 alloys were calculated to be -2.98 kJ/mol, ~3.75
kJ/mol, and -2.57 kJ/mol respectively.

It was shown that these calculated values give fairly
good estimations for the AGc at least near the crystalliza-
tion temperature in view of results of statistical analyses
of errors included in such calculated values. This method for
estimating the AG: value is considered to be more useful es-
pecially in case of the application to high-melting-tempera-
ture alloys in which the heats of fusion are difficult to
obtain experimentally.

PA8 A THERMODYNAMIC MODEL FOR LIQUID SODIUM-CAESIUM
ALLOYS. F E Neale and N E Cusack, University of East
Anglia, Norwich, NR4 7TJ, UK.

Using a suitably specified interchange energy function
x(c,T,p) the expression

o .0
8G = -TAS, _ + xc(1-) (V]4V5)/2V + paAv

is found to give values of the Gibbs energy, entropy and
enthalpy of mixing, activities and concentration
fluctuations Sc (0) in excellent agreement with the
recently repoxtea data of Neale and Cusack* for liquid
sodium-caesium over the entire concentration range. In
this semi-empirical expression the second term is written
in the usual form for mixtures whose pure component
molar volumes Vl(T) and V_(T) differ widely, and

the observed expérimental vaiues are used for the alloy
molar volume V(T) and volume of mixing AV. Although
the hard sphere term AS is the principal contribution
to the entropy of mixing, there is a significant negative
contribution, Vv 11%, from the energy term; a small linear
dependence of x on temperature at given ¢ and p is
adequate to describe this. At constant T and p the
change in x over the range 0.4 < c < 0.85 is less than
1%%, It has a flat minimum in this region but rises
sharply at both ends of the concentration range; this
concentration dependence of x must be incorporated in
order to provide an adequate description of all the

alloy thermodynamics, particularly the pronounced peak in
s__ (o).

cc

* Neale F E and Cusack N E 1982 J Phys F; Met Phys 12 2839




PAS REVIEW OF THE CRITICAL POINT DATA OF THE ALKALI METALS

R.W.Ohse, J.-F.Babelot, J.Magill

Commission of the European Communities, Joint Research (Centre,
Karlsruhe Establishment, European Institute for Transuranium
Elements, Postfach 2266, D-7500 Karlsruhe, Federal Republic of
Germany, Tel. (07247) 84384, Telex 7825 483 EU D

M.Hoch

Department of Materials Sciences and Metallurgical Engineering,
University of Cincinnati, Cincinnati, Ohio 45221

An assessment of the measured and estimated critical point
data of the alkali metals is presented.

The various models and empirical relationships that have
previously been applied to estimate the critical point data
of the alkali metals were tested on potassium, rubidium and
cesium, where reliable experimental data are available. The
applicability of these models and empirical relationships is
discussed considering the deviations of the predicted data
from the measured data and the physics of the model. The
input data used for calculation have been assessed on behalf
of the data compilation of an International Collaborative
Study Group organized by the IUPAC Commission on High
Temperature and Solid State Chemistry.

Based on this analysis a new estimate of the critical point
data of lithium is given using the “best" available input data.

PATO STRUCTURE AND THERMODYNAMICS

OF THE LIQUID NOBLE METALS
C. Regnaut, E. Fusco, M.L. Rosinbery, J.P. Badiali, Groupe de
Recherche n° 4 du CNRS, Physique des Liquides et Electrochimie
associé a |'Université Pierre et Marie Curie, Tour 22,
4 place Jussieuw - 75230 Paris Cedex 05,

The OPW and model potential methods have been extended to
the noble metals [1]12), and mainly applied to the calculation
of the solid state properties. To our knowledge, no investi=-
gation of the liquid phase have been done from these two me-
thods. Our first purpose, is to derive structure dependcnt
quantities such as structure factor, entropy and C, from the
invoked theories. This is done by mean of the chermodynamical
perturbation method ORPA which has been previously discussed
for the simple liquid metals |3]. With this analytic proce-
dure, we find a rather good prediction for liquid copper and
silver properties, both from the ab initio OI'W calculation of
Moriarty | 1) and from the parametrized model of Dagens [2].
Uncer’1inties remain for gold.

We propose a simplified alternative to Moriarty's calcu~
lation. We include some degree of parametrization in the
characteristical quantities which appear in the OPW expan-
sion. Namely : 1) the hybridization potential between s-d
electrons is adjusted in order to reproduce some particular
points of the band structure. 2) Setting the hybridization
to zero, we define a local pseudo-potential in place of the
OPW one. From this model, we determine and discuss liquid
properties considering the influence of the pseudo-potential
chuice, and the local or non local calculation of the hyvbri-
dization.

The present approach allows a successfull description of
solid and liquid properties, and avoids a complete OPW cal-
calation, ¥xtension of our mode! to the surface propertices
will appear in a tuture work.

[1] J.A. Moriarty, Phys. Rev. B, h, 4, 1239 (1972).
[2]) L. Dagens, Phys. Stat. (b), 84, 311 (1977),
{3} C. Regnaut, J.P. Badiali, M. Dupont, .J. Phyvsigue (Paris?,
al, C8-603 (1981).

PAlT Bl.i SPIN-LATTICE RELAXATION IN LIQUID Li-Sn AND Li-Si

ALLOYS. €. van der Marel, P. Heitjans, H. Ackermann, B. Bader,
P. Freilander, G. Kiese and H.-J. Stockmann, Vachbereich o
Physik, Universitic Mirbury, Marburg, Germany, and Institut
Lauve-Langevin, Grenoble, France.

Consecutive to measurements ot the Hl,i spin=lattice relax-
ation time, T, in liquid Li =Na, -Mg, -Ph and -Bi altovs |1,
21, we have investigated liquid allovs of LI with the grooan v
elements Sn and Si. Beta-active BLi nuclei were produced hy
capture of polarised neutrons ; 1) was determined {rom the
decay of the r-asymmetry. For both systems, Li-Sn and Li-si,
we measured T| on a number of alloys with compositions cover-
ing the main part of the concentration range, both as a func-
tion of temperature, T, and applied tield, B,. In liquid Li-Sn
we observed a concentration dependence ot H/Ty similar to that
in liquid Li~Pb and Li-Bi |2]. A rather different concentra-
tion dependence of /1| was observed in liquid Li-Si (rescm-
bling the Knight shift in liquid Li-Ge [3])  two minima occur,
one at about 25 at.” $i and a second one at approximately
43 at.7 Si. The first minimum is explained in terms of charge
transfer from Li to the less electropositive Si (comparable to
LizPb). The second minimum is tentatively attributed to the
existence of covalently bound $iy4 tetrahedra in the liquid,
similar to those postulated in pure liquid Si [4l. Whereas in
liquid Li-Pb and Li-Sn no By-dependence was observed, it was
found that in liquid Li-Si alloys containing about 40 at.7 Si
T{ increases as a function of By. The origin of this effect is
not vet clear.

[t] P. Heitjans, G. Kiese, H. Ackermann, B. Bader, W. Buttler,
F. Fujara, H. Grupp, A. Kdrblein and H.~J. Stockmann, J.
de Physique 41 (1980) CB-409

‘2] G. Kiese, P, Heitjans, H. Ackermann, B. Bader, W. Buttler,
P. Freilander, C. van der Marel, H. Ruppersberg and H.-J.
Stéckmann, Proc. Int. Conf. lonic Liquids, Berlin 1982,
Springer-Verlag (1982) 117

[3] C. van der Marel, A.B. van Oosten, W. Geertsma and W. van
der Lugt, J. Phys. F 12 (1982) L-129

f4] J.P. Cabathuler and 5. Steeb, Z. Naturforsch. 34a (1979)
1314,

PA12 CORE SIZES AND FORCES AS DEDUCED FROM OBSERVED
STRUCTUR} “ACTORS. W.H. Young and M. Silbert, University of
East Anglia, Norwich, NR4 7TJ, UK, and A. Meyer, Northern
Illinois University, Dekalb, ILL 601155, USA.

k
Observed structure factors which exhibit isotropic metallic ']
bonding (class 4 in the terminology of Waseda) are anaivsed ¥
using the WCA theory to obtain effective diameters and corres- :
ponding effective forces. The results can be checked for
internal consistency and the outcome is on the whole
satisfactory for simple and noble metals although less clear-
cut for transition and rare earth metals. Trends are 4
presented of sizes and hardnesses (as defined by the effective *
forces) from category to category and within each category. "3
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POSTER SESSION PB: STRUCTURE 1

8 MOSSBAUER STUDY IN (InTe),Snj., OBTAINED BY SPLAT
COOLING; B. Arcondo, G. Quintana, H. Sirkin, Dpto. de Fisica,
Facultad de Ingenieria, Paseo Coldén 850, 1063 Argentina, and
F. Cernuschi, CONICET, Rivadavia 1917, Capital Federal, Arg.

Solid samples of (InTe) Sny_, have been obtained by means of
the splat-cooling technique starting from different temperatu-
res of the liguid state (T-) and have been analized with elec-
tron diffraction and Mossbauer spectroscopy. The alloys were
prepared from in,-Te: at.with the addition of Tin in different
concentrations (from 3 to 20 wt.). The electron diffraction
shows two coexisting phases, one amorphous and the other crys-
talline. The Mdssbauer spectra were performed with both sour-
ce and absorber at room temperature using a Sn0iCa soqurce.
They show in all the cases two single lines, the first with an
Isomer Snift around 2.00 mm/sec which is due to the Tin in an
amorphous structure of InTe, and the second, with an IS around
3.48 mm’/sec, that corresponds to the crystalline structure of
SnTe. Samples obt.iined from the same T., present a ratio bet-
ween the sizes of <he first and the second peak that decreases
with increasing concentration of Tin. This shows that Tin di-
fficults the formation of the amorphous phase. On tne other
nand, for a fixed Tin concentratign this ratio increases with
higher temperature from which the melts were cooled down. This
points out greater facility for the formation of the amorphuus
phase with higher T.. Both behaviours can be atributed to the
fact that the proportion of SnTe compound, which is strongly
bounded, grows with increasing Tin concentration and decrea-
sing T.. In both cases Te is increasingly withdrawed from the
InTe alloy taking it apart from the amorphizing concerntration
zone.

The solids sampies were annealed for periods ten hours at
different temperatures. The size of the first peak decreases
in all the cases with increasing annealing temperature, disa-
ppearing at certain temperature.

A1l the samples obtained by slowly cooling show a single li-
ne corresponding to the SnTe crystalline compound.

I LOCAL ATOMIC STRUCTURE IN AMORPHOUS MoggNigp BY
RESONANCE X~-RAY DIFFRACTION USING SYNCHROTRON RADIATION.
S. Aur, D. Kofalt, Y. Waseda and T. Egami, University of
Pennsylvania, Philadelphia, Pa. 19104 USA, H. S. Chen and
8. J. Teo, Bell Laboratories, Murray Hill, N.J. 07974,
and R. Wang, Battelle Pacific Northwest Laboratory,
Richland, Wash. 99352

The atomic structure of sputter depositied amorphous
Mos(Nig, was studied by the resonance (anomalous) X-ray
diffraction technique using monochromatic X-ray radiation
trom the Cornell University synchrotron (CHESS) tuned near
the absorption edge of either Mo or Ni. By making use of the
energy dependence of the diffraction intensity through anoma-
lous dispersion, ', the local atomic structures around each
atomic species were determined. Compared to the earlier ef-
tfort [I], the statistical accuracy is significantly improved
due to the use of the svnchrotron radiation which allowed to
use the wave length very close to the edge {2]. In detecting
the diffracted photons, in order to completelv eliminate the
fluorescent radiation from the sample, an intrinsic Ge detec~
tor was used. The eneryy resolution of the Ge detector was
not high enough to separate K radiation from the elastically
scattered photons, but was sufficiently high to separate the
K radiation. The K intensity, which is proportional to the
intensity of K, was then subtracted from the signal during
the data reduction process.

We demonstrate that the f' dependence of the scattering
intensity can be determined with a sufficientiv high accuracy
.o yield the lucal structure around Mo atoms and that around
Ni atoms with a resolution surpassing the FXAFS method by a
very significant amount, The structure of a - MoMNi was
found to be basically the dense random packed structure. The
nearest neighbour peak of the RDF around Ni is nearly svm-
metric, but that around Mo has a shoulder at the position ap-
proximately the ’nd nearest neighbour Jdistance of the b.c.. .,
strurture.

1. e.2. Y. Waseda and S, Tamaki, Phil. Mag., 2, 951 197,
2. ¥. H. Fuoss et al., Phys. Rev. Letter, sh, 1537 (1981,
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PB3 STUCTURAL STULY OF AMORPHOUs EUTECTIC Mp=-Zn ALLOY
P.ANDONOV, Laboratory of Magnétisme,C.N.R.5.,Bellevue ,FRANCE
P.CHIEUX,Institut Laue-Langevin,Grenoble, FRANCE

fhe short ranee order in g sinple divalent metai=metal
amorphous allov is studled by the " threo radiatioms teoh=
nique ".X-rav,ncutron and cicotron scatterins messurement s
were performed on amorphous cutootis M;_,Kn,‘ altlov proepa-
rued by the rapld quenchineg from the T Cmelt withou
sineie "roller technique "o The resolution contrel of the

three vxperiments is obtuined using the diffraction of .
Stlicon standard sample.

The experimental partial structure factors are compared
with the calceulated ones described by the Percus=Yevick
hard sphere model and by the Heimendahl cluster relaxed mo-=
del. )

An important prepeak is observed in the M@ for this
allov using X-ravs.This total structure factor is a misture
of twe components s, and S0 arising from density and con-
centration fluctuations respéctivelv.The scattering lengths
for neutron diffraction are nearly similar for the two
constituent atoms,so the & (Q) relates almost whollv the
density fluctuations and exhibits only a very small
prepeak.

with the Batia-Thornton formalism & . and SCC are eva-
luated from X-ray and neutron data,

Then the chemical short range order parameter of the
first coordination shell is derived from the Fourier trans-

form of scc.

ppa EXAFS STUDIES OF Lal-xGax METALLIC GLASSES. D. V.

Baxter, A. Williams* and W. L. Johnson, California Institute
of Technology, Pasadena, CA 91125 USA

Ga edge EXAFS spectra have been measured on La,_,Ga,
metallic glasses for x = 0.20, 0.24 and 0.28. Comparison is
made with previous experiments in which the partial pair cor-
relation functions of these glasses were measured using X-ray 1
diffraction and isostructural substitution of Au and Al for Ga.
We use this known structura) information to provide a stringent
test of the capabilities of the EXAFS technique as applied to
metallic glasses. The effect on the results obtained of the
model pair distribution used in the curve fitting, is partic-
ularly emphasized.

'Permanent Address: (os Alamos National Laboratory, Los
Alamos, New Mexico 87545

1.y AL Williams, Sol. St. Comm., 44, 983 (1982).
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OBE O STRUCTURAL STUDY 08 THy Uit D CERMANTUM BY MEANS
OF THERMAL SPUTTRON SCATTERING

M-l Bellissent=Funel, R, 8ellissent, Laboratoire Léon
Brillouin, .0, Saclav, 91191 dif-sur=Yvette {edex, France.

. . . o . . . [GR XS] A,

Cartous structural investizations of liquid sermanium

CHhgve seen reserted up te now, However, all these studies
exhiibit larze discrepancies on the coordination number. There-

fore we have performed a verv precise measurement of the struc-
ture factor of liquid germanium by using a biO-cell position
sensitive detector, Moreover, in order to obtain an accurate
palrt correlation tunction, we have realized an analvtical ex-
tension or the factor in a self consistent wav. Our
experiments ave been carried out at 1223 K and 1473 K. The
coordination number found to be nearly insensitive to the
temperiature, vn the other hand, the obtalned structure factors
compdred with those deduced from both quasicrvstalline and
nard sohere tvpe models in order to 2xplain the strong change
of the coordination number of the germanium at the melting
point.,

structure
I

dre

(I} ISHERWOOD, s.P., ORTON B.R. and MANAILA, R., J.Non-Crvst.
Selids 8 (1972) 691,

12) WASEDA, Y., SUZUKI, K., Z.Phvs.B, 20 (1975) 339,

(3) CABATHULER, '.P. and STEEB , S., Z.Naturforsch.A, 34A
(1979) 1314,

PB6 NiguBie - A TRANSITION METAL METALLOID GLASS WITH
FIRST NEIGHBOUR METALLOID ATOMS. N.Cowlam, Wu Guoan**, P.P,
Gardner, H.A.Davies*, Department of Physics & *Department of
Metallurgy , University of Sheffield, Sheffield, UK

The structures of transition metal-metallc:d glas<:s
(TM-Met) may be influenced by the apparently large size
difference between the constituents; the sually small frac-
tion of metalloid atoms (for 80/20 compositions); and tie
tendency for the metalloids to remain apart. The stvuctures
of TM-Met glasses may be disordered interstitial-type atomic
arrangements, in which t .e smaller metalloids occupy the
largest holes in the Bernal polyhedra of the TM atoms [1].

Re-analysis of sizes of interstices in a DRPHS model [see
2] sugeests that these holes are too small to accommodate
metalloid atoms at the 207 concentration level in real
glasses. Furthermore only TM-Met glasses with boron have
extreme values of radius rario. Those with silicon and phos-
phorus have values of radius ratio equal to those of TM-TM
and simple metal glasses - for which size effects may play a
less important role ir the structure.

To test the models o>f TM-Met glass structure more string-
entlvy we have used glasses with compositions away from 80/20
and neutron diffraction for improved visibility of the met-
alloids. We have investigated Nigu.Big glass using N-rays and
neutrons from reactor and pulsed sources, with both natural
and isotopicall' enriched samples. Good correlation exists
between different data sets, and partial structure factors
and pair corrvelation functions obtained. Nearest neighbour
distanc. s and coordination numbers, and evidence for first
nea.hbour boron-boron pairs will be presented. The results
can be related to simple models of both an interstitial and
a substitutional kind.

D.F.Polk, Acta.Met. 20,
P.H.Gaskell, J.Phvs.C 12,

[RB] 485, 1972

[21] 4337, 1979

*% Home address, Institute for Atomic Reactor Engineering
Research & Design, P Box 291-106, Chenedu, Stchuan, Ciina
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ATOMIC STRUCTURE UF AMORPHOUS YTTERBIUM-NOBLL

METAL ALLOYS: A MOSSBAUER STUDY

s AR

Ge Czjzer, D, Weschenfelder®,
Vaures , and M, Maurer¢

a) Kernrorschungszentrum Karlsruhe,
7500 Karlsruhe, Federal Republic of
b) Université de Paris-Sud, Lab. de
F-91405 Orsay, France

¢) Centre de Recherches Nucleaires,
B.P. 20, F-67037 Strasbourg, France

V. Oestreich®, . Schmidt®,

1AK, Posttach
Germany
Physique des Solides,

3640, D-

Chimie Nucléalre,

The even-even isotopes of ytterbium are good probes for
structural investigations of amorphous materials by Midssbauer

spectroscopy. We report on irvestigations of amorphous ytter- .
bium-noble metal alloys of cimposition Yba-X--(X=Cu,Ag,Au) <
by !7“Yb Mdssbauer spectros.opy. Samples were prepared (a) by 1
sputtering wnto a substrate cooled to liquid-nitrogen tempe- b
rature, (b) by roller-quenching of the meit. The same crys- b

talline alloy ingots were used as starting materials for
both types of preparation. The amorphicity of the final
samples was checked by X-ray diffraction, the composition by
plasma spectroscopy analysis.

Very similar spectra were obtained for the three ?
samples prepared by sputtering whereas for roller-quenched J
alloys, the average quadrupole splitting is substantially k

smaller, indicating a different atomic structure compared to
sputtered materials.

Starting from the assumptions that the observed field
gradients reflect primarily the distributions of the minority
component ions X and an Yb-X coordination of 2 to 3, we de-
rive distributions of configurational patterns from the mea- .
sured distributions of quadrupole splittings.

- a a8 a2 -
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PBE EXAFS

A. Defrain, L.
du CNRS, Tour

STUDY OF AMORPHOUS FeBOBZO AND FEBO'PZO 3

Bosio, R, Cortés and P. Gomes Da Costa, G.R.3%
22, 4 Place Jussieu, 75230 PARIS CEDEX U5,France

On account of their practical application, the iron-metal-
loid glasses are thoroughly studied. Howcver few results are
available concerning EXAFS measurements [1,2], even though
Fe-B alloys are, at least in principle, suitable for these
studies, since thce modulation above the Fe K-absorption edge
mainly contains Fe-Fe contributions.

A possible explanation of such a disregard for EXAFS
spectroscopy may be related to the difficulties inherent in
spectra analysis, already found, in the b.c.c. o-Fe in the
real space the first and second shells are not resolved and
peaks at larger distances differ appreciably both in ampli-
tude and in position in regard to the expected values. Thus
the phase shifts determination from the a-Fe study has to be
carefully analysed before transfering them to unknown systems.
On the other band, in the metallic plassces the description oL
the structure by a Gaussian pair distribution leads to in-
accurate results on account of the large asymmetry of the
first shell § direct evaluation of EXAFS spectra are impos-
sible without additional data such as X-ray diffraction
results.

We performed experiments and analvsed a~Fe spectra.
The EXAFS paramcters thus determined were tested on the FesB
compound obtained after crystallization of the amorphous
FegpBpay material. The data reduction of non-crvstalline solid
spectra were then achieved using the radial distribution
function deduced from N-ray diffraction measurements, por-
formed on same samples. In the case of FegoPop~rlass the
EXAFS spectra were found more easily tractable.

(1] .

have

Rabe et al.

Festkdrperprobiem (19800 XX, 33,

{.] F. schmiickle ot al. £, Naturforsch (19800, 37a, 572, -
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ffini, M.Sampoli, A.lucci and G.Riontino.
. {a), in the press
4, phys. stat. sol. {a), 63, 3rS (1980),

Lt STRUCTIURAT INVESTICATION OF AMPORPHOUS (‘.qu ALLOY
BY EXAFS ANDY XORAY SUATTERING
ALM, Flank e, DL Ravux +, A, Naudon %z, J.F. Sadoc +
t Luboratoire de Métallurgie Physique, 86022 Poitiers FRANCF
Lahoratoire de Phvsicue du Sotide, Bitiment 510, 91 ORSAY
wd LURF, Bitiment 204 ( ULP.S., 91405 ORSAY Cedex FRANCE

-

A structural dnvestication has been performed on an

amorphous allow of low concentration in Yttrium CuyY (which
Sas owxpected to o bhe b firse approximation for an elemental
metallic elassy, in order to studv the topological locai

order mainly by eliminating chemical effects due to the
Tixing of twoe kinds of gtoms.
The ERAFS spectrum on the Yetriom K oedee can be simulated

Svothe contritutien of six Cuonelshbors it S8 A, a distance
Gorter than thy Torhe vordsohmide radid. Such oan
savironment can be Pinothe tu Y oorvstalline shase in
o
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P81 FORMATION OF AMORPHOUS Fe-Ti-C SURFACE LAYERS.
D.M. Follstaedt and ..A. Knapp, Sandia National Laboratories®,
Albuquerque, NM 87185 USA

Surface alloys (v 0.1 ;m thick) formed by ion implanting
Ti into Fe have been characterized by ion beam analysis and
[FM. These studies show that C is ulso incorporated into the
alloy at the sample surtace from molecules in the vacuum
during the Ti implantation. When bcth Ti and C are present
in the Fe at sufficient concentrations (ranging from 3 at.”
Ti and 25 at.iC to '~ 20 at.¥ Ti and 10 atr.”C) the surface
allov is found to be amorphous.

Pulsed electron beam melting of surface lavers (- 1 um
deep) and subsequent rapid solidification offer a method
for further modifying the microstructuge of implanted surface
alloys. The rapid cooling rates ( 10° K/s) calculated for
the metal just after solidification suggest that the amorphous
structure might also be produced by pulsed melting. We therc-
fore have examined the effects of e-beam pulsed melting on
Fe alloys implanted with %1017 Ti/em® at energies of 180-90
keV (which gives +~ 20 at. . [i) and containing ° 7x10 6 crem?
(~ 10 at.” C), alloys which were observed by TEM to be
initially amorphous. A 1.85 J/cmz, 70 nsec pulse is calcu-
lated to produce a melt lasting 200 nsec, with subsequent
s0lid phase cooling rates as high as 3.7x10% K/s.

lon channeling shows that the alloved laver is not epi-
tuxial after pulsed melting, while TEM shows that a polv-
crystalline layer is present instead of the amorphous laver.
Electron diffraction patterns consist of rings which index
to two phases: bce Fe and TiC. bDark field imaging shows
particle sizes of 20-80 nm for bce Fe and 3 nm for TiC.
Thus our results show that ien implantation is capable of
producing amorphous Fe-Ti-C at our concentrations, but melt
quenching with 70 nsec clectron beam pulses is not.

*This work was performed at Sandia Nacional laboratories and
supported by the U. S. Department of Energy under Contract
#DE-AC04-76DP00789.

PB12 "TDPAC Study of Liquid and Amorphous SexTel_x

Alloys"*, D. K. Gaskill, J. A. Gardner, K. S. Krane, Oregon
State University, Corvallis, OR 97331 USA and R. L. Rasera,
University of Maryland, Baltimore County, Catonsville, MD
21118 USA

A time-differential perturbec angular correlation (TDPAC)
study on liquid and amorphous splat SexTel_x alloys was

performed using dilute ‘''Cd as the tracer. The liquid
spectra exhibited an atternwation factor, :.,, consistent

with the motional narrowing approximation. The attenuation
factor is proportional to the motional correlation time, -
multiplied by the average square electric quadrupole

frequency, ‘a-. The q have been characterized by static

.

C

electric field gradient measurements of the amorphous phase
made by quenching the liquid phase. Thus the magnitude

of the average juadrupole frequency and the motional
correlatic: time of the liguid alloys are found.

*Supported by the U.S. Office of Naval Research




PB13 SUPERCONDUCTIVE ASSESSMENT OF FINE-SCALE STRUCTURAL
HOMOGENEITY IN AMORPHOUS ALLOYS.* R.R. Hake and M.C. Karkut,
Indiana University, Bloomington, IN 47405 USA.

Superconducting upper critical field H.; measurements1
on the melt-spun amorphous Zr-base alloy systems Zrj_ -x Coys
Zry_y Nig, (2ri_y Tiy)g 78 Niolzﬁ, and (Zry_, Nb)g ;

Nip 5, show negative curvature o 2(T) and falr agreement
with the standard dirty-limit theorv of Werthamer, Helfand,
and Hohenberg and of Maki (WHHM). This contrasts sharply
with previous reports of anomalous linear (zero-curvature)
Z(T) behavior in amorphous alloys. It has been suggested
:hat such anomalies may be due to inhomogeneity on a scale
of the Ginzbugg-Landau zero-temperature coherence distance
€go * 30-100 A and that HCZ(T) may serve as a sensitive
probe of fine-scale inhomogeneity. Consistent with an
inhomogeneity interpretation, for two exceptional Nb-rich
ternary specimens curvature of H (T) which (though not
zero) is less negative than predicted by WHHM is coupled
with other superconductive (but not x ray, density, or
normal~-state resistivity) evidence for inhomogeneity:
relatively broad resistive transitions at Te and H_p. unusual
current-density J dependence of transitions at H,y, and (in
one specimen) resistive evidence for J-dependent partial
superconductivity at H >> H_, (the "beak effect"). The
influence of homogeneity on ﬁ (T) is also suggested by the
fact that those present Zr—base alloys which display H Z(T)
in fair agreement with the WHHM theory also display
critical flux pinning forces f. = JH lower than reported for
most other crystalline and amorphous superconductors.
*Supported by NSF DMR 80-24365 and Indiana UROC 9-20-82-3.
1M.G. Karkut and R.R. Hake, Physica 109 and 110B, 2033 (1982)
and Phys. Rev., in press.
2y,L. Carter, S.J. Poon, G.W. Hull, Jr., and T.H. Geballe,
Solid State Commun. 39, 41 (1981).

PB14 EXAFS STUDY OF METGLAS 2605 CO.* G. H. Hayes, J. I.
Budnick, M. Choi, W. A, Hines, D. M. Pease, University of
Connecticut, Storrs, CT 06268 USA, D. E. Sayers, North Caro-
lina State University, Raleigh, NC 27650 USA, and S. M.
Heald, Brookhaven National Laboratory, Upton, LI 11973 USA.

We have undertaken an X-ray absorption study of the Fe and
Co K-edges in Metglas 2605 CO (composition F957C018514511),
before and after magnetic annealing, in order to investigate
the near neighbor atomic environments of the metal atoms and,
consequently, the relationship of such environments toc the
useful magnetoelastic properties of the Metglas. Metglas
2605 CO has a magnetomechanical coupling factor, k3 , which
is very sensitive to magnetic annealing. ! k33 reacges the
relatively large value of 0.71 in a sample which has been
annealed for 10 minutes at 369 °C in a magnetic field of 6.1

kOe lying in the plane of the ribbon transverse to its length.

We have measured the X-ray absorption coefficients with the
X-ray polarization parallel and perpendicular to the length
of the ribbon. The extended X-ray absorption fine-structure
(EXAFS) data indicate an anisotropy in the as quenched and in
the annealed samples. Furthermore, upon comparing data
collected at room temperature with that collected at liquid
nitrogen temperature, we note an anisotropic behavior in the
Debye-Waller tvpe factor, ®. An explanation of the observed
anisotropy will be offered and the correlation between the
near neighbor atomic environments and the observed magneto-
elastic behavior will be discussed.

*Work supported in part by grants from AFOSR (80-0C30),
NAVAIR (WF £15420), and USDOE Contract (DE-ACD2-76CHON0O16).
Absorption measurements carried out at SSRL, which is
supported by the National Science Foundation in cooperation
with USDOE, and CHESS, which is supported by the National
Science Foundation.
l¢, Modzelewski, H. T. Savage, L. T. Kabacoff, and A. F.
Clark, TEEE Trans. on Magnetics, MACG-17, 2837 (1981).

ijec, Government Incd. R
Tanabe and E.Teraucni, ¥
Japan; and Y.Tsu, Tohoku

The absence of premeliinr in . nes DEen reneried ys-
ing results obtained by Debye- ler factor mearn
wnich utilize a conventioneal X-ray c¢iffraction method.
believe that this method was not sensitive enougr it ve W
local atomic rearrangements and disturbances. wWe nad ex-
pected EXAFS to be a more powerful methoé for detectinr lo al
structural changes in pretransformation anc metacia .
such as premelting, premariensitic, supercooling and/or supew
saturating phenomena.

X~ray absorption spectra near the K-edpe of galliur were
obteined for four states—-- Q% QOQQwua ervsialliine(29.87°C,
premelted(29.70%+ 3°C/100), melted(3£.01°C) and su‘wer‘coole'a
{28.00°C)-- using an energy dispersion-type apparatus equir-
ped with an asymmetrically-cut flat crystal monochromator ir
the magnifying mode, and a position-sensitive proportional
counter(**). The continuous radiation emitted at an acceler-
ating voltage of 20 kV with a Co tube current of 50 mA was
diffracted by & (220) reflection of a Si single crystal.

We found a certain premelted state which differs from a
partially melted state, because we observed some differences
among the Fourier transform spectra profiles of the above
first three states. The second peak of the premelting pro-
file slightly approaches the first peak of the crystal state
profile, and it is expected from this proximity that Frenkel
or interstitial-type defects will be formed in the premelted
state. We also found that the supercooled state is not only
s simple contraction of the melted state, but also contains
& substructure which is more obvious than the substructure
of the melted state. The neighbor distances and coordination
numbers obtained from the least square parameter fitting for
the above four states will be presented at the meeting.

(* ) H.Wenzl et al : Z. Physik., B21(1975),

(#%) H.Maede et al : J.Jepan Appl. Phys., 21(1982), 13k2.

PB16 MOSSBAUER ISOMER-SHIFTS AND QUADRUPOLE SPLITTINGS
IN THE AMORPHOUS IRON-BORON SYSTEM, W. Hoving(]), F. van der
woude ‘1), x.H.J. Buschow(2), 1. vincze(3). (1) solid state
Physics Laboratory, University of Groningen, ! Melkweg, 971~
EP GRONINGEN, The Netherlands, (2) Philips Research Labora-
tories, EINDHOVEN, The Netherlands, (3) Central Research In-
stitute for Physics, P.O.B. 49, H-1525 BUDAPEST, Hungary.

Several amorphous FeyBy_,-alloys (10 a/o 5 X £90 a/o) have
been made by various quench techniques and on different sub-
strates. Some electronic and magnetic properties were studied
with 37Fe M&ssbauer spectroscopy in transmission geometry and
with CEMS (Conversion-Electron Mdssbauer Spectroscopyl). Spe-
cial attention has been paid to the isomer shift and quadru-
pole splitting as a function of the iron concentratica. The
isomer shift reflects the charge on the iron-atoms, whereas
the quadrupole splitting is Jdetermined by the charge distri-
bution on neighboring atoms. Both effects give information

about the chemical and topological short-range order in the
amorphous Fey By _x systen.

The asomer shift as a function of iron concentration can
be described with the 5t¥- and ‘nws—rerms of Miedema's erpi-

1

i

rical model to predict the heat of for
L

and a term for the additional elastic

mation of alloy
.
sntribution

roeflects the interatomic charge trar ‘“ws the intra-
atomic charge redistribution on alloy contri-
bution is necessary for boron-rich alloy % ¢ <boand of
minor importance at the iron-vich side. From this we conclade
that the iron-rich samples have 1 dence-pa-cked and rhe boron-
rich samples have a more open atomi. = e
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£B17 UCTURAL STUDIES ON AMORPHOUS Mgr(02n3g

M Teo. H o lwasax: and N.Shiotant. The Institute of

Diys:ical and Ciemical Research. Wakoshi. Saitama

17.. Janan. and

H Narumy and T.Mizoguchi., Gakushuin University.
Me:iro. Tokyo :7:. Japan. and

T.Xawamura. Yamanasil University. Kofushi.
Yamanash: 407, Japan

Structura. studies on as—quenched and isothermally

annea’ e wnerphous Mg7aZngg alicy are carried out by EXAFS,
¥ s small angle and large angle scattering SAS and LAS .
2leztrical resistivity measurements. This amorphous

io known to crystallize :nto a single phase of Mgs)Znyg
al annealing at about 8JC. For the
ate. the EXAFS structure function for the
. ne:ighbor shell. which 1s Fourier filtered from the
P ofata. has a single peak. The LAS interference function
claracteristic Yorm for amorphous alloys. with the
. sirst peak and well developed second peak shoulder
“esides these a definite pre peak 1s observed. The SAS
intens:ty curve 1s in a single Gaussian form. When subjected

rgothermal annealing at 76C. the electrical resistivity

tirst increases with annealing time. then starts to
decrease. During the increase of the electrical resistivity
“ira barght of the first peak and the splitting of the second
pe. the LAS 1nterference function become intense. and the
GA5 1ntensity curve tends to deviate from a single Gauss:ian
torm. After the electrical resistivity starts to decrease,
thie Bragyg peaks correspond:ng to MggiZng( crystalline phase
wear and the peak in the EXAFS structure function starts to
tt. From these experimental results the atomic structure
w6 the as quenched state and development of the short range
and medium range ordering will be discussed 1n relation to
the structure of Mg5|2npg.
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PB18 STRUCTURE, STRUCTURAL RELAXATION AND CRYS-
TALLIZATION OF AMORPHOUS 2r, _M_ALLOYS., H.U. Krebs,
C. Michaelsen, J. Reichelt, H¥A¥ Wagner, J. WecCker
and H.C. Freyhardt, Institut fir Metallphysik, Uni-
vergsitdt G8ttingen, D-3400 G8ttingen and SFB 126

atalataden

Amorphous, 2Zr-rich zr1_ M_ alloys, with M = Fe,

Co and Ni, were prepared i% & wide composition range
by a vacuum-melt-spinning technique. Their physical
properties, in particular the electrical resistivity,
thermal expansion and superconducting transition
temperature, were measured as a function of the con-
centration of magnetic transition elements M, anneal-
ing time and temperature.

A combined analysis of X-ray and small-angle-
neutron scattering, TEM, Mossbauer-effect, DSC and
SEM investigations allowed the determination of topo-
logical and chemical relaxation as well as crystalli-
zation processes,which were connected to the prcper-
ty changes observed upon annealing.

Detailed DSC measurements of 2r,_.Fe alloys (x =
0.2 - 0.35) revealed a two-step crys§alfization with
a strong exothermal peak at T., which enhances from
635 K to 705 K for Fe concentrations varying between
0.2 and 0.35, and a second, distinctly weaker peak
at T I exhibiting a pronounced dependence on x (T..:
720 &I- 920 K, for x: 0.22 - 0.33). The transitio
at T, - with an activation energy between 1.2 and
2.8 8V - 1is connected with a 5 % increase of the
specimen length and resistivity; at T 1 the resisti-
vity drops. X-ray and Méssbauer-effec% structural
analyses indicate that the first peak corresponds
to the crystallization of a Zr Fe (with NiTi, struc-
ture) and X-Zr phase mixture. %he second pea% is
tentatively ascribed to a transformation of the Zr Fe.
No clear evidences for the occurence of Zr3Fe - or
other phases - are found so far.
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POSTER SESSION PC: ATOMIC TRANSPORT AND
STRUCTURAL RELAXATION |

PC1 CRYSTALLIZATION IN Fe METALLIC GLASSES*
E.E. Alp, M. Saporoschenko, K. glmon, W.E. Brower, Jr.
Southern Illinois University, Carbondale, IL 62901

The crystallization behaviors of Fe metallic
glasses produced by melt-spinning, shock=- gube, and hammer and
anvil splat cooling techniques have been compared using
Moessbauer Spectroscopy and differential scanning calori-
metry. The eutectic crystallization theory - simultaneous
crystallization of two crystalline phases - is checked
against the primary crystallization theory - one of the
phases precipitating out first and acting as preferred nucle-
ation sites for subsequent crystallization. For shock tube
samples the effect of superheated melt temperature on glass
formation and the metastable phases obtained is also studied.
Apart from the differences in kinetics, they basically foliow
the same crystallization pattern in support of the simulta-
neous formation of n-Fe and Fe_B. Finally, upon further
heating Fe,B decomposes into a=Fe and Fe B. However, the
crystallization kinetics are found to be“drastically dif-
ferent in in situ DSC crystallization and vacuum annealing,
and these differences are evaluated quantitatively by using
the transmission integral technique to fit the Moessbauer
spectra. The relaxation of the amorphous structure is moni-
tored by following the distribution of the magnetic hyper-
fine field strength obtained directly from Moessbauer spectra
using Window's method.

PC2 A DSC STUDY OF STRUCTURAL RELAXATION IN METALLIC
GLASSES PREPARED WITH DIFFERENT QUENCHING RATES.

L. Battezzati. G. Riontino, M. Baricco, A. Lucci, F. Marino.
Istituto di Chimica Generale ed Inorganica, Facoltd di

Farmacia, Universita di Torino, TORINO (Italy).

Setc of amorphous alloys have been prepared by means of a
melt spinning device using different rotation speeds of the
wheel from 20 to S0 m/s.
The composition of the alloys are Fe _xNi Cr P B (Ogxg
14), crystallizing in a single siage after a manifest T and
Fe Nt Mo B , Fe C_, crystallizing in two staggs.
42 41.5 511.5 0 . ) .
The chemical and topological contributions to the relaxation
phenomena {(giving rise calorimetrically to endothermal and
exothermal responses respectively) have been separated by
means of suitable thermal treatments. The quenching rate
markedly affects the topolcg.cal irreversible relaxation
which takes place continuously in a wide temperature range
from 4204450 K up tu the T region (650+670 K) when =&
heating rate of 30 K/s s use® in the DsC.
The enthalpy of relaxation increases with increasing quen-
ching rate and is very high in the four and five components
allnys. The heat release can become more than 50% of the heat
f crystallization.
The structural relaxation is governed by a spectrum of
Aacrtivation energies which can be described by the heat
~v.lutinn at constant heating rate.
re relations among the glass transition temperature, the
~rystallization temperature and the quenching rate are also

11 issad,

PC3 EFFECTS OF ANNEALING ON CURIE TEMPERATURE IN AMORPHQOUS
NITROGEN-BEARING Fe-v-B-Si ALLOYS. K. A, Beatness®, K. V. Rag,
E & I TSector Laboratories/3M, St. Paul, MN 55133, and
H. H. Liebermann, Allied Corporation, Parsippany, NJ 07054,

The Curie temperature, T¢, of a ferromagnetic material is
very sensitive to the nature of the local short range order
and therefore corresponds to a particular compositional and
topological environment in an amorphous material. The effects
of annealing temperature [250 < T, <500°C], annealing time
[55ts5650 min.ﬂ. and concentraglon {505 N 5 2080 ppm]af the
metalloid nitro?en on T in amorphous nitrogen-bearing Fegs_y
Vx5;,515 alloys' with x=10 and 12, have been studied using a
Tow-field thermomagnetic measurement technique.

An initial decrease in T¢ with Ty >250°C is observed for a
given annealing time. A maximum drop of aT¢ ~-19°C is found
around T3 = 387°C. For temperatures above T3, aT; decreases
and goes through zero at T3 =500°C. A similar dependence of
Tc on Ty has been reported2 for Fe-Cr-based amorphous alloys.
Thus, it appears that ferrous amorphous alloys containing ele-
ments to the left of Fe in the periodic table initially show
a decrease of Tc on annealing.  Revens{bility of T¢ is found
on annealing at pre-determined temperatures and for fixed times
between T; and T" Also, at temperatures below Tz, the Tnwest
value of ?C obta1ned for long time annealing doeA not fall
befow that which is cbserved at Ty. Such a plateau of T below
Ty presumably also occurs in systems where T¢ shows a maximum
as a function of T The functional form of the data in a
ATe Vs T4 plot is ?ound to be identical for alloys with x =10
and 12 at.%V. However, the addition of N as a metalloid ele-
ment makes the curve shallow: i.e.,aT¢ at Tj is reduced. Thus
in the regime above T3, where T¢ is reversible, nitrogen plays
an important role. ?hese results suggest that the observed
changes in Tc are due to reversible structural changes in the
alloy as well, rather than a consequence of variations in the
compositional short range order alone.

* Presently at: Dept. of Physics, 5tanfbrd Unzvers*tz
These samples were preparei by HEL L while at Gemeral Fleatpiz,
T. XKudo et al RQ4 conf. Proc. Sendai, page 1187 (1982).

PCa INTERDIFFUSION STUDIES IN METALLIC
GLASSES USING COMPOSITIONALLY
MODULATED THIN FILMS

R. C. Cammarata and A. L. Greer
Division of Applied Sciences
Harvard University
Cambridge, Massachusetts 02138, U.S.A.

Compositionally modulated, glassy films have been produced
by D.C. sputtering alternately from targets of Pdg(pSi;g and
FegpByo compositions. The modulation gives rise to X-ray
satellites about the zero order beam, and by monitoring the
decay of these satellites on annealing, a Pd-Fe interdiffu-
sivity is obtained. Previous work [1] has shown that this
technique is capable of measuring very low interdif. . 'vities:
with this capability, the effects of structural relaxation on
atomic diffusion were detected. This work has now been
extended, and, taking relaxation effects into account, it has
been shown that the measured interdiffusivity is dependent on
the wavelength, A, of the composition modulation. This is
the first demonstration of gradient cnergy effects in an
amorphous material. With decreasing X, the interdiffusivity,
D). degreases and aoes negative helow a critical wavelenath
of “20A. Negati+ ~s of Dy indicate phase separation on
a very fine scalc, .. ordering. This orderinua tendency
indicates a slight negative heat of mixing for Pd and Fe in
the glassy state, in contrast to predictions based on
measurements made at high temperature in the liquid state.
The potential of the modulated film technique for obtaining
thermodynamic information on alassy phases is indicated.

[1} A.L. Greer, C-J. Lin and F. Spaepen, "roc. 4th Int. Conf.
on Rapidly Quenched Metals {Sendai 195.), . 567
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oS CARBON MIGRATION IN THE AMCRPHOUS ALLUOY  FeygBi3s
S513,5§Cy) AS STUDIED BY MAGNETIC ANISOTROPY MEASUREMENTS,
W. Chapmbrcn, F. Lancon and A. Chamberod, Centre J'Etudes

Nuclearres de Grenoble, Ddpartement de Recherche Fondamentale,

Section de Physique du Solide, 85 X, 38041, Grenoble Cedex,
france.

The magnetic anisotropy induced by a :hermomagnetic treat-

ment between 60 and 320°C has been studied in the amorphous
alloys Fegy By3,5 Si3 5Cy and Fegy sBy4.5 Siy, first annealed

at 400°C, and in the crystalline alloy (Feng Nig()j-y Cy where

x = 760.107% at. Comparison of isochronal and isothermal
xinetics of anisotropy establishment in both amorphous alloys
leads to consider two steps

a) A first part, corresponding to 42 J/m3, is the same
(magnitude and kinetic) in both amorphous alloys. It sets up

with a very broad distribution of time-constants. The apparent

activation energy varies form 1.42 eV at 120°C to 2.20 eV at

320°C. This phenomeronis related to rearrangements of the iron,

boron and silicon atoms.

b) A second part, corresponding to 15 J/m3, is peculiar
to the alloy Fegy Byy 5 Si3y 5 Cy. It sets up with a spectrum
of time-constants somewhat less broad than the first one. The
mean time-constant obeys the Arrhenius law T = T, exp (E/KT).
To 1s found to the equal 2.5 x 107!'5 s, and E = 1.36 eV. This
phenomenon is considered to be due to the interstitial migra-
tion of the carbon atoms.

In the crystalline alloy, in the same temperature range,
only the effect due to the migration of carbon interstiti ~
is observed (3 J/m3, Ty = 1.1 x 10755, E = 1.54 eV), Thu.
the carbon mobility in the amorphous alloy is rather close

to that observed in the crystalline f.c.c. iron-nickel alloys,

and very lower than in b.c.c. iron.

PCE INVESTIGATION OF THE CRYSTALLIZATION OF
THE /Fe,Co,Ni,Cr,Mn/B,Si AMORPHOUS SYSTEM

A, Cziraki, B, Fogarassy, I. Szabd

Inetitute for Solid State Physics, Edtvds Univer-
sity, Budapest, Muzeum krt. 6-8, 1088, Hungary

B, Albert, Csepel Metal ‘Vorks, Budapest, P,0.B,
93, 1751, Hungary

K. Wetzig, Zentralinstitut fur Festkdrperphysik
und Werkstofforschung, Oresden, Helmholtzstrasse
20, 8027, DOR

In order to understand the structure of the
amorphous state the investigation of the crys-
talline phases are necessary after the transfor=
mation.

The earlier investigated /1/ /Fe,Co,Ni,Cr,Mn/
8,51 multi-component amorphous system has very
good magnetic properties and so it is important
for the industrial application, In these glassy
metals the alloying elements could substitute
each-other in the same crystalline structure,
therefore the structure analysis by electron
diffraction is not sufficient, In the present
work the crystallization of some new amorphous
alloys is investigated for study of the effect of
the alloying elements separately and the phasges
were ana!yzed not only by electron diffraction
but by their characteristic X~-ray spectrum too.

The crystallization processes were followed
by electrical trensport properties measurements,
calorimetry and electron microscopy in JEOL 100-
CX and JEOL 200-~CX instruments.

The ratios of the metallic components in the
fcc, hcp and cementite type compounds are the
same as in the amorphous matrix but the Si con-
tents are different connected with the solubility
of 51,

,1/ A, Cziraki, et.al.? Proc. 4th Conf.on
Repidly ‘Juenched Met,.1.691 /Sendai, 1981./
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pc7 TAERMAL  STablol Ty JF aMURPHULS METALLIZATi00S bk
SEMTCUHBUCTUR DEVICES
Lo AL dobisz, U, o, Aaron, K, d. Luo, J. oA, PerepeZey, W, L,
Thowas, J. . wiley, dntversily ot wisconsta, iMadison,
ATSCUNSIn 93/Uh USA,

e tneraal stability ot awoerpnous wetal fytms s of
prime importance in nigh temperature Semiconductor device
applications, Suitable thin tilw (1 u) deposits of anorphous
alloys in the NiNp, NiMo, MoS1 and WS1 systeins have deen
prepared by Spulter deposition onto 51, 4GaAs  and  hab
substrates in an «F triode sputter system, Tne amorphous
character and crystallization behavior ot tne films nave been
monitured by  x-ray dittraction  (XRU)., The  maxinum
crystallization temperatures, tollowing one nour anneals,
were found to be oUU®L for Ni-43 ajo No, 9/5°C fur i-35 ajo
Mo, HUO°C  for Ho-4U a0 51, JUUPC for wW-lU a/o  Si.
Polycrystalline Ni overlayers were tuund, by XKD, to lower
the HiNb  crystallization temperature Dby  about  19U°C
presumably due to interdiffusion etfects, Kesistance chanye
measurements dre  sensitive to  tne  onset ot  structural
relaxation and small amounts of crystal gyrowth, For example
the crystallization onset of Nifo in  countact with a
polycrystalline Ni  overlayer was found to  occur 4t
temperdtures as low as approximately 270°C. in addition
Auyger depth profiles were used to monitor the various
interdiffusion redactions between the amorphous metal,
polycrystalline netal overlayers and sesmiconductor
substrates, The feasibility of NiNb gs a diffusion barrier
hetween Au and a semiconductor substrate was found to dependa
on tne substrate. Following a one hour 5UU°C anneal, very
little interdiffusion was observed in the Au/NiNb/Si
Systeni, However on a4 GaP substrate tne Au and NiNp
interditfused extensively, These studies have demonstrated
the viability of gamorghous metal tilms as eftective diffusion
barriers in semiconductor contact applications.

Tne support ot tne DUt {DE-ACU2-32ERIZ2062) 1is yratefully
acknowledyed,

pCe INVESTIGATION OF THERMAL RELAXATION
IN GLASSY Nigy Fe P,

B. Fogarassy., A. Bohonyei, A, Czirgki, I, Szabé
Institute for Solid State Physics, Edtvés
University, Budapest, Muzeum krt, 6-8, 1088,
Hungary

Gy. Faigel, T. Kemény, I, Vincze

Central Research Institute for Physics, Budapes:
P.0.80x 49, 1525 Hungary

Thermel relaxation of metallic glasses is
important both for the practical applications and
for our understending of the amorphous structure.
The change in the physical properties of amorphous
alloys is usually small in the relaxation process
and complex methods &.. 7ecessary for their
deteiled studr.

Results will be presented here on the thermal
relaxation of melt-spun amorphous Ni Fe P50
/x = 0,1,3,5,10,20/ alloys. Meaauremggf§ B¢
dynamical Young's modulus, internal friction,
electrical transport properties, Mdssbauer effect,
calorimetry and electron microscopy will be
reported.,

The aim of the investigations was to explain
the unusually large thermal relaxation effects
observed above 5 at¥ Fe content in the dynamical
Young's modulus and electrical resistivity data,

Chemical ordering of the metallic components
will be discussed as the possible reason of the
observed large changes.
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PCS ANOMALY IN YOUNG'S MODULUS OF Fe-Zr AMORPHOUS ALLOYS
K. Fukamichi, M. Kikuchi* and T. Masumoto, The Research
Institute for Iron, Steel and Other Metals, Tohoku University,
980, Sendai, Japan.

AR

Fe100-xZrx ribbon and bulky amorphous samples have been
prepared by mel:-quenching and high-rate sputtering, respec-
tively, in a wide composition range in order to investigate
the temperature dependence of Young's modulus in magnetic
fields. The AE effect decreases with increasing X. Young's
modulus at the saturated field, Es, for FegijZrg amorphous
alloy is smaller than the paramagnetic Young's modulus Ep,
indicating a softening in a wide temperature range as shown
in the figure. A similar behavior is often observed in Fe-
based crystalline Invar alloys[l}, but it is very different
from the elastic property of Fe-based amorphous alloys con-
taining metalloids, because the latter alloys exhibit a re-
markable stiffening below the Curie temperature Tq{2]. It is
worth noting that the value of Young's modulus at zero field,
Es, increases even above Tc with increasing temperature.

Such an anomalous behavior is closely correlated with the
inhomogeneous magnetic state in Fe-Zr amorphous alloy system.
Other anomalous behaviors such as thermal expansion and high-
field susceptibility are also explained by taking into ac-
count the magnetic inhomogeneity.
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[1] G. Hausch, J. Phys. Soc. Japan, 37 (1974) 824.
[2] K. Fukamichi et al., IEEE Trans. Mag. MAG-15 (1979) 1404.
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PC10  CRYSTALLIZATION BEHAVIOR OF BINARY METALLIC
GLASSES CONTAINING PT. Yi-Qun Gao and Sung H. Whang,
Institute of Chemical Analysis, Northeastern University,
Boston, MA 02115 USA

Pt containing alloys rarely form glasses for some rea-
son. We are investigating glass forming property, crystal-
lization behavior and mechanical properties of binary Pt
glasses,

Binary M-Pt alloys, where M is an element from many
different groups, were made into alloy buttons in an arc-
melt furnace and rapidly quenched from the melt using
hammer and anvil technique . The foil shape samples
produced were checked with X-ray, Differential Scanning
Calorimetry and TEM to identify amorphous structure.
Binary Pt alloys with Group IVB (Ti, Zr, Hf) were found
to be amorphous upon rapid quenching, A narrow glass
forming compositional range was discovered near eutectics
in these systems.

Crystallization kinetics of these Pt containing
glasses were studied by DSC-2 calorimetry at a temperature
range up to 1000K and heating rates of 5, 10, 20, 40, 80,
and 160 K/min. Activation energy of crystallization for
these glasses will be obtained from DSC measurement.

Mechanical properties of the glassy and devitrified
states of these alloys will be studied as a function of
time for a given temperature.

Activation energy obtained from different plots also
is presented,

Glass forming tendency of binary Pt systems will be
given and discussed with existing models.

Partially supported by Office of Naval Research

pPCIY SELF~DIFFUSION IN LI.UID METALSs A GENERALIZED
STOKES~EINSTEIN EQUATION.
T.Gaskell, Devartment of Physics, University of Sheffield
Sheffield S3 TRH, UK.

Assuming that we can describe ionic dynamics in a
liquid metal through an effective two-body potential,
we use the concept of a configuration~dependent velocity
field to derive an expression for the self-diffusion
coefficient. It takes the form

D - kT J‘o{fi f(7) (:.—

2w ) - 9 7 (g.w=0)

where f(g) is essentially the Fourier transform of a
step function whose_width is the radius of the mean
ionic volume, and q(q,w)is the real part of a complex
wave vector- and frequency- dependent shear viscosity
coefficient. In the long-wavelength, low-frequency
limit ﬁ(q,w)_, , the shear viscosity. The effects of
the microscopic ‘structure of the liquid are included in
the diffusion mechanism, through the wave vector-
dependence of 4)(g,w) .Although the microscopic
contributions are very significant, it is shown how a
8tokes-Einstein relation between D and can gtill
be substantially justified in the demse liquid.

In a recent molecular dynamics study of supercooled
states of a liquid rubidium model, low frequency 1,(?,1-«!')
data has been obtained for a range of wave vectors,and
at different temperatures. We discuss, through the
above equation, the relevance of this data to the
observed change in the diffusion mechanism as the
temperature is lowered.
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TEMPERATURE DEPENDENCE OF THE FREQUENCY SPECTRUM OF THE
TIO PERMEABILITY AFTEREFFECT IN Co-RICH AMORPHOUS METALS.
.4 and Fovinar, [ENGF and GNSM, [-10125 Torino, Italy

Tre attersttect of the magnetic permeability of amorphous
magnetic alloys, Ja’u , can be interpreted in terms of

Loval magnetostrictive lonteraction between structural defec-
tshear stress fluctuations) and the magnetization., In Fe-ba-
3 arorphous alloys the room ‘emperature value of the afteref-

:5 tound ro scale with the square of the magnetostriction
cart, A

s

ir, the present paper, results are reported of measurements

tertarmed onoas cast, Co-rich amorphous alloys, showing that
ivrong magnetic aftereffects are present even in glasses having
compositions for which <A, >= 0. These results can be accounted
Yor, in terms of the propoéed model, by considering that 3 u/u

4 actually predicted to be proportional to(.lg > , i.e. to lo-
cal tluctuations of the magnetostriction constant, rather than

e < l$>?. The frequency spectrum of Ju/u between 10 s~! ana

FRRTRE was measured on various Co-rich amorphous ribobons as

a function of ‘the temperature up to the Curie point, to get in-
formation apout the distribution of time constants characteriz-
ing the aftereffect at each temperature. In some of the studied
al.oys, a high temperature bending of the spectrum, indicating
the presence of a low-frequency cutoff, has been observed. The
original shape of the spectrum is totally recovered at lower tem
peratures. This behavior seems to indicate the presence of an
upper bound to the distribution of the activation energies of
the processes responsible for the magnetic aftereffect. An eva-
luation of this maximum activation energy in different materials
is given.

1
P.Allia and F.Vinai, Phys.Rev. B26, 6141 (1982).

P02 ELECTRON-PHONON COUPLING AND THE TEMPERATURE
COEFFICIENT OF RESISTIVITY IN Ni-Zr GLASSES. Z.Altounian,
R. Harris and J.0. Strom-Olsen, McGill University, Physics
Department, 3600 University Street, Montreal, Quebec,
Canada, H3A 2T8

\ simple relationshin has heen claimed (1) between the
electron-phonon coupling constant, »ep and the temperature
cocefficient of resistivity,”?/3T. We present results on a
wide range of melt-spin Ni-Ir glasses to show that this
relationship is not generally valid, even when due allow-
ance is made for the influence of spin-fluctuations.
Seecifically, ‘op is almost constant while 32 varies from
negative at the -r-rich end to positive at fhe Vi-rich
end. The behavior can however be explained within the
framework of the Faber-Ziman formulism, using lep provided
account is taken correctly for the partial structure
factions,
t1y. 0. Rapp, J. .Jackle and K. Frobose, .J. Phys. Fl11,

2359, (1981).

PD3 MAGNETIC AND NMR ?TUNES OF AMDRPHOIIS AND CRYSTALLINE
Ni-B ALLOYS, I, Rakonyid) and P, Panissod, LMSES, Universite
louis Pasteur, A7N70 Strasbourg Ceédex, france; J, Nurand,
Universite de Nancy I, B. P. no. 239, %4506 Vandeouvre-les-
Nancy Cedex, France and R, Hasegawa, Materials Laboratory,
Allied Corporation, Morristown, NJ 079A0 USA,

Low field (¢ 7 k0e) magnetization and 1lR NMR Knight shift
were measured below room temperature for amorphous Nijy_yRy
(x=25, 31 33, 35 and 4n) alloys and for Ni3R, NipR and NigR3
crystalline compounds to study the effect of non-crystalli-
nity on the bulk and local magnetic and electronic proper-
ties, Separating out a small ferromagnetic term and & con-
tribution due to giant-moment paramagnetic clusters, one
finds a temperature-independert susceptibility for both types
of alloys. When corrected for core diamagnetism, the ob-
served susceptibility y can be attributed to conduction elec-
tron Pauli paramagnetism, The value of yx decreases approxi-
mately linearly with increasing horon content following the
formula x = (100,5-1.87x) « 106 emu/mol and, within experi-
mental uncertainty, agrees with that for the crystalline al-
loy with the same composition. This indicates that the aver-
age electronic properties evaluated at the Fermi surface are
not influenced by the fack of long-range order in the amor-
phous system. The lIR NMR Knight shift also has similar
values for the amorphous and corresponding crystalline alloys
and it decreases with boron content, The decrease is small
up to x=33 at which the Knight shift starts to drop faster.
Since the Knight shift reflects the local chemical short-
range order (CSR0O), one may thus conclude that the CSRQ
around R atoms is not appreciably modified in the amorphous
Ni-B alloys with respect to the corresponding crystalline
counterparts,

a) Present and permanent address: Central Research Insti-
tute for Physics, H-1525, Rudapest, P. 0. R, 49, Hungary

PD4 ELECTRONIC CONDUCTION IN s-d BAND LIQUID METALS.
L.E. Ballentine, S$.K. Bose, J.E. Hammerberg, Simon Fraser
Unlversity, Burnaby, B.C. V5A 156 CANADA

Computer simulation models are used to study the elect-
ronic states and conductivity of liquid transition metals,
in which s and d bands are hybridized. Using generalizations
of the recursion method of Haydock, Heine, and Kelly, we
compute densities of states, spectral functlions, and conduc-
tivities for LCAQ models of a few hundred atoms. The peaks
in the spectral functions indicate whether residual s or d
bands exist in the liquid state. The relative magnitudes of
s and d state diffusivities are also computed. In most cases
the s state diffusivity exceeds that of d states, but the d
states dominate the conductivity because of their much
greater density.
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PD5 MAGNETIC, ELECTRICAL AND THERMOELECTRIC STU-

DIES OF METALLIC GLASS Fe 9N1 9Mo4Si B,,, Anil K.
Bhatnagar, B. Bhanu Prasaa ana N. Mugi}gtnam, School
of Physics, University of Hyderabad, Hyderabad -

500 134, India.

thermo-~
amnor=-

M8ssbauer, electrical resistivity and
electric power measurements on ferromagnetic
phous alloy Fe 9Ni3 Mo4Si B (VITROVAC 4040) have
been performea in %he teapégature range 77 - 900 K.
MWssbauer measurements were done using the standard
transmission geometry. The data were analyzed to
obtain average values and the distribution of hyper-
fine magnetic fields and their temperature depende-
nce, isomershift and its temperature dependence,
spinwave coefficients B 2 and C , and quadrupole
splitting. The hyperfiaé magneé{g field H (T) at
room temperature is found to be approximgggly 217
kOe. Curie and crystallization temperatures of this

-alloy were found to be 575 + 3 K and 725 + 3 K, res-
pectively, by thermal scan method. The resistivity
was determined by four probe method. The resisti-
vity curve showed a slight non-linear behavior below
100 K and near the crystallization temperature. The

resistivity curve showed a sharp change in slope at
575 K, the Curie temperature, and a large drop at
the crystallization temperature 725 K. Absolute
thermoelectric power, S,was determined by the inte-
gral method and it is found to be negative through-
out the temperature range 77 - 700 K. 1Its slope,

d$/dT, has a negative slope for T ¢ 325 K and a po-
sitive slope for T > 325 K with a rounded minimum at
approximately 325 K. The value of S at this tempe-
rature is approximately - 3.0 MV/K. Data will be
discussed in light of the effect of Mo on various
properties of this alloy.

PDE FIRST-PRINCIPLES CALCULATION OF ELECTRONIC STRUCTURES

OF Cu,Zry_, GLASS.* W. Y. Ching and L. W. Song, iniversity of
Missouri, Kansas City, Mo. 64110, USA, and S. S. Jaswal, Univ-
ersity of Nebraska, Lincoln, NE 68588, USA

The electronic structures of binary metallic glasses
Cu,2Zr;_, have been studied for compositional value x = 0.67,
0.§0, 0.33 using a first-principles OLCAO method!, Quasi-
periodic models containing 90 atoms were constructed and
computer relaxed. The radial distribution function of these
models are in good agreement with experiment. In addition to
the density of states (DOS) and partial DOS curves, other
microscopic information such as degree of localization of one-
electron states, effective charges on each atom and the DOS
at the Fermi level will be presented. These results will be
correlated to the structural properties of the respective
models and compared with available experimental data as well
as other theoretical calculations.

*Supported by UMKC Research Council and DOE contract: DE-ACO2-
79ER10462

1. W. Y. Ching and C. C. Lin, Phys. Rev. B 12, 5536 (1975)

PD7 RELATION BETWEEN MAGNETISM AND SUPERCONDUCTIVITY [N
AMORPHOUS Zr)_yFeyx ALLOYS. G. Chouteau, 0. Béthoux, CNRS,
CRTBT and SNCI, B.r. 1bb X, 38042 Grenoble Cédex, FRANCE

We have measured the high field may tization and the
susceptibility of several sputtered amo.phous samples of
Zry-yFey near the concentration at which the superconducting
critical temperature T, falls to zero : x " 24 7. The tempe-
rature range is 100 mK - 250 K and the tielu range is O-1> T,

Two different as-prepared samples of the same nominal
concentration can have different behaviors : one sample is
superconducting (T = 2.6 K) while no superconductivity is
detected in the second one down to i00 mK, by low field
magnetization and resistivity measurements. For both samples
the magnetization curves M(H) at 4.2 K can be expressed as
M(H) = Mp(it) + Xo.H. The paramagnetic susceptibility x, is
much higher than that of pure Zr, or ZrCu and ZrNi alloys of
the same concentration. The excess susceptibility can be
unambj guously attributed to spin fluctuations. The term Mo(H)
exhibits a strong curvature versus the field and saturates in
a 1.5 T field. It originates in the magnetic, or very nearly
magnetic part of the sample.

The susceptibility x measured in a field of | T between
1.8 and 30 K follows approximately the law x v C/T + yg where
C/T is due to the localized spins and X4 ™ Xo is the parama-
gnetic contribution.

One remarquable feature is that the magnetic part Mo(H)
of the superconducting sample is hysteretic at 4.2 K. This
indicates that in some cases a magnetic ordering can occur.
Its nature (ferromagnetic, or anti-ferromagnetic) is not know
at present. However the shape the Mo(H) curve seems indi
cate a tendancy to the ferromagnetism.

Annealing and ageing tend to suppress the superconducti-
vity.

These results can be interpreted in terms of coexistence
of two amorphous phases. One is superconducting and the other
in magnetic. Environmental effects and local concentration
fluctuations are of great importance.

PD8 LINEWIDTH ASYMMETRIES IN THE MOSSBAUER ZEEMAN SPEC-
TRUM OF AMORPHOUS IRON-METALLOID ALLOYS

M. Eibschutz, M. E. Lines and H. S. Chen, Bell Laboratories,
Murray Hill, New Jersey 07974 UsA

The 57Fe MBssbauer effect has been used to study the hyper-
fine Zeeman pattern below the Curie temperature in the amor-
phous metallic ferrog net Fe 2P18‘ Existing techniques for
analyzing six-line Fe Mﬁssgauer spectra in iron metalloid
ferromagnetic glasses concentrate on extracting the detailed
shape p(H) of the hyperfine field distribution which dom-
inates the form of the outside lines. Equations for the
mean positions and root mean squares (RMS) widths of the
complete six-line nuclear Zeeman pattern in an amorphous
environment have been set out and used to interpret the
linewidths of the M8ssbauer spectrum. The spectrum exhibits
a line width asymmetry which is caused by correlations
between the various fluctuation variables involved. A care-
ful analysis of the spectrum provides measures of the (RMS)
fluctuations of they hyperfine field H, isomer shift Sy and
quadrupole energy shift u at the iron sites, and also
enables a determination of specific correlation functions.
The major source of linewidths asymmetry is found to be a
negative correlation between h¥perfine field and isomer
shift py < OS> = -0.08 (mm/s) with a degree of linearity
of 25%. A smaller, but still significant, additional con-
tribution to 1linewidth asymmetry arises from correlations
between hyperfine field, electric field gradiené and their
relative orientation py < ffilw > = -0.02 (mm/s)”.




PD9 HALL-EFFECT AND THERMOPOWER OF METALLIC
GLASSES., G. Fritsch, HSBw Milnchen, Neubibergqg,
Germany, E. LUscher, J. Willer and A. Schulte, TU
MUnchen, Garching, Germany.

At first, we report on the Hall-effect of the
amorphous Alloys Pd,.Si,., Cu..Ti.., Pd..Z2r and
Ni,,2r,.. In additigg dgga argogiégn fogosoﬁg
Nié€fB-181oys. The Hall-coefficient is determined
in the temperature range from 2 to 300 K. The
method applied is the dc-contact method, yielding
an accuracy of about 1%. The resistivity was mea-
sured simultaneously. The implications of the re-
sults on the electronic structure will be dis-
cussed.

Secondly, data on the thermopower of the alloys
Pd,.Si,., Cu.. Ti.~, Pd,.Z2r as well as Cu, Zr
wi?? b%opresggteaoin tgg tggperature range4go EO
to 300 K. The temperature dependence of the ther-
mopower will be analysed in terms of the well-
known Ziman-formulation of the resistivity adopted
to d-electrons and inserted into the Mott-expres-
sion. The results will be compared with the data
obtained from the pressure dependence of the elec-
tronic resistivity. Some remarks will be added
concerning the pressure dependence of the thermo-
power.

PD10 THE THERMOPOWERS OF AMORPHOUS TRANSITION METAL ALLOYS

AND ELECTRON-PHONON ENHANCEMENT. B.L. Gallagher,
A.B. Kaiser, and D. Greig, Department of Physics, University
of Leeds, Leeds LS2 9JT, U.K.

We present experimental results for the thermopowers of
a number of amorphous transition metal alloys in the
temperature range 2 - 450K. Analysis of the temperature
dependence of the thermopower shows that it is enhanced by the
electron-pnonon interaction, and that the magnitude of the
enhancement is close to that obtained from superconductivity
data 1»2, This provides strong support for the idea that
thermopower should generally show suc! enhancement.

1. Gallagher, B.L. and Greig, D., (1982), J.Phys.F. 12,1721
. Kaiser, A.B., Phys.Rev.lLett., J.vhys.F. 12 L223 (1982

PDTI ELECTRICAL RESISTIVITY OF BISMUTH, GERMANIUM AND
BISMUTH-GERMANIUM ALLOYS IN THE LIQUID STATE.

J.G. Gasser, M. Mayoufi, G. Ginter and R, Kleim, Laboratoire
de Physique des Milieux Condensés, Faculté des Sciences, lle
du Saulcy, 57045 Metz Cedex, France

The electrical resistivity of 11 bismuth-germanium alloys
has been measured from the melting point to 1150°C. The
temperature dependence of the pure components are discussed
in the frame work of Ziman formalism with experimental
interference functions and different model pseudopotentials
(Heine-Abarenkov, Animalu-Heine, Shaw, Shaw-Hallers) and
with the "extended Ziman formula" by using the t matrix
expressed in term of phase shifts.

The composition dependence is interpreted with the same
model pseudopotentials and phase shifts. But no experimental
partial structure factors being available, we used Ashcroft
and Langreth (1967) hard sphere partial structure factors.
The experimental vaiues are well reproduced for the alloy
with the form factors giving good results for the pure metals.

PDY2  FORMING ABILITY AND STABILITY OF AMORPHOUS ALLOYS
My Snl-x (M = Cr, Mn, Fe, Co, Ni, Cu) J. F. Geny, D. Mal-
terre, M. Vergnat, M. Piecuch and G. Marchal, Laboratoire
de Physique du Solide, Université de Nancy - I, B. P. 239,
54506 Vandoeuvre-les-Nancy-Cedex (France)

Amorphous films of My Sni-yx (M = Cr, Mn, Fe,
Co, Ni, Cu) have been prepared by coevaporation on cooled
substrates (77 K) of tin and transition metal.

Compositional ranges of forming ability, sta-
bility (as measured by crystallization temperatures) and
electrical transport properties were studied.

These measurements are discussed in view of
the corresponding equilibrium phase diagrams.

The cvystallization and liquidus temperatures
seem to be correlated.

Whenever the temperature coefficient of the
resistivity is minimal, the alloys are obtained in the amor—
phous state.

Although Cr-Sn phase diagram is different
(strong demixion tendency, non intermetallic compounds), the
amorphous Cr-Sn alloys show similar properties compared to
the others M-Sn amorphous systems.




PD13 TRANSPORT AND MAGNETIC PROPERTIES OF a- CeXAIIOO—x

A. Guessous, K. Matho, J. Mazuer and J. Palleau
CRTBT-CNRS, BP 166 X, 38042 GRENOBLE, FRANCE

We report and discuss measurements of resistivity, thermo-
electric power (TEP) and magnetic susceptibility on
a- CexAll?2_§ alloys between 1.2 K and 350 K. The amorphous
state could be obtained for 14 < X [at 2] < 88, using a reac-
tive sputtering technique.

Resistivities lie between 100 and 300 ufkem, the highest p
being observed for X = 57. The overall X-dependence roughly
follows NORDHEIM's rule, p(X) « X(100 - X). Variations p(T)
are monotonical, with temperature coefficient (TCR) changing
from positive for the lowest p to negative for the higher ones
(TCR = 0 for X = 88, ¢ v 135 uflem), in agreement with MOOIJ's
correlation. Considering the relative positions of the FERMI
momentum, k_(X), and the first maximum in the total structure
factor, k,, the extended ZIMAN theory qualitatively explains
the data. Strongly negative TCR's indicate the presence of
KONDO scattering.

As compared to giant effects in c- CeAl, and c- CeAlj, the
TEP IS(T)? < 6 K-l is reduced by an order of magnitude. The
T-dependence is nevertheless far from linear for all X. A va-
riety of peaks, shoulders and sign inversions are observed.
Within the extended ZIMAN theory, this indicates a strongly
energy dependent t-matrix, originating in the combined effect
of resonant 4 f and random potential scattering.

Tow T peaks in the TEP can be roughly correlated with the
observation of ferromagnetic exchange enhancement in the sus-
ceptibility x(T) below 10 K and with spin-glass freezing at
temperatures 0.2 K < Tg < 2 K, Above 10 K, x(T) (measured only
for x v 25) obcys a CURIE like law, with evidence for a broad
distribution of crystal fields acting on a °Fg , state of ce3*,
The effective moment, as compared to c- CeA13, is less T-de-
pendent,

This body of data offers the possibility of comparing dense,
incoherent KONDQ systems with the KCNDO lattices cf equivalent
composition,

PD14 EXPERIMENTAL EVIDENCE FOR A STRUCTURE-
INDUCED MINIMUM OF THE DENSITY OF STATES AT THE
FERMI ENERGY IN AMORPHOUS ALLOYS.

P. HiuBler and F. Baumann, Pnysikalisches Institut
der Universit#dt Karlsruhe (TH), D-7500 Karlsruhe,
FRD. and J. Krieg, G. Indlekofer, P. Oelhafen and
H.-J. Giintherodt, Institut fir Physik der Univer-
sitdt CH-4056 Basel, Switzerland.

First photoemission spectra are reported for the
valence bands and core levels of gquench condensed
Auxsn100-x (0 £ x £ 100) films in the amorphous
and the crystalline state. It is found that 1.)
the valence band spectra (20 - x : 80) measured
just after condensation exhibit a decrease in
intensity towards the Fermi c¢nergy EF which can

be understood in terms of a minimum in the density
of states near EF and 2.) the valence band spectra
and the core states of the amorphous and the cor-

responding crystalline state show distinct differ-

ences.

PD15 ATOMIC AND ELECTRONIC STRUCTURES OF THE Ca-Al METALLIC
GLASS SYSTEM: AN NMR STUDY.* W.,A. Hines, A, Paoluzi and J.I.
Budnick, University of Connecticut, Storrs, CT 06268 USA, %.G.
Clark, University of California, Los Angeles, CA 90024 USA,
and C.L. Tsai, Northeastern University, Boston, MA 02115 USA

In order to investigate the atomic and electronic struc-
tures, we have carried out both steady state and pulsed NMR
experiments on the melt spun metallic glasi7system Ca 00~ Al
(15 £ x £ 45 at. %). Measurements of the “'Al NMR Kniggtx r
shift, K, spin-lattice relaxation time, T., and lineshape have
been obtained at 4.2 °K and room temperature, and for resonance
frequencies ranging from 8 to 20 MHz. The experimental results
indicate that the Knight shift (K = +0.038% * 0.010Z at room
temperature), spin-lattice relaxation time (T, = 2.0 t 0.2 sec
at 4,2 °K), and linewidth of the central transition remain
constant throughout the entire glassy regime. Furthermore,
the small value for K, and consequently the long spin-lattice
relaxation time, indicates that the local density of s-electron
states at the Al sites is small. This result is consistent
with recent ultraviolet photoemigsion spectroscopy experiments
and band structure calculations. In dition, spin-echo NMR
measurements indicate that the entire “'Al spectrum is quite
broad ( & 2 MHz) due to the quadrupole interaction, and also,
essentially the same for all compositions. All of the NMR
results indicate that certain features of the local environ-
ment remain unchanged throughout the entire glassy regime.

The symetry properties of the electric field gradient are
compared with those for the related crystalline compounds
which include Ca3Al and CaAlz.
*Supported in part by grants from AFOSK (80~-0030), NSF (DMR
81-03085) and NSF (DMR 77-23777).
S.R. Nagel, et al., Phys. Rev. Letters 49, 575 (1982).

PD16 THE HALL COEFFICIENTS OF CuxTiipo-x AMORPHOUS METALLIC
ALLOYS. M.A., Howson, D. Greig and B.L. Gallagher,
Department of Physics, The University of Leeds,

Leeds LS2 9JT, U.K.

Results are presented for the Hall coeificients of a
series of CuyTijpo-x amorphous metallic alloys of varying
composition. While the Hall coefficient is found to be
positive and temperature independent for x < 73% it changes
sign to negative at x=737. It is argued that the positive
Hall coefficients can be understood as a consequence of
negative group velocities at the Fermi surface due to s-d
hybridisation. This leads to a qualitative description of
the compositional dependence of Ry in these alloys.
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M7 LLECTRICAL RESISTIVITY, LAGWETIC
SUSCEPTIBILITY AND THERMOLLBCTHIC FOWBR OF
AQR130US HIOBIUL=IICKEL ALLOYS SYNTHETIZED BY
VAPOUR (UELCHING GH. ILONCA, Faculty of Fhysios,
Babeg~Bolyai University, 3400 Cluj-lapoos,Romania

Thin £ilm samples (10-2Q4thick) of niobium-
nickel alloys in the composition range Nb=5 to 95%
lii were vapour quenched by R.F. sputtering onto
fused quartz substrates held at a temperature of
450 K. It was found that fully glasoy alloys were
synthetized in the composition range Nb-30 to 85
at % Ni, 2.5 times larger than reported for splat-
quenched alloys. At room temperature, the eleotri-
cal resistivity ¥ of these alloys lies between
176-21 crm, and the absolute thermoelectric power
S between 2.20-2.524V/K. On increasing the tempe-
rature from 4.2 to 775 K, up to which the amorphous
alloys are stable, the resistivity of the alloy
with x=0,950 decreases by about 1.5 %; the value of
d £ /4T progressively increases with increasing Ni
content, becoming positive at 0.50< x<0.75.

wagnetic susceptibility was performed in the
temperature range 77-1100 K on the crystalline
alloys in the composition range 0-~12.25 Nb at %
and it obeying the Curie-weiss law. hagnetic sus~
ceptibility for NiQ,,Nby ¢ and Nig,4Nbg g amor-
phous alloys show a ug magnetic bzhavioux with
the X about 1.5x10~% g~1 and 1.8x10~ g™+ respec-
tively.

The electrical and magnetic behaviour of these
alloys may be treated in terms of electron scatte-
ring in disordered structures assuming the nearly
free-electron model, in a manner analogous to
Ziman's theory of electron transport in liquid
metals.

PD18 A REPLY TO FABER'S QUESTION ABOUT THE MINIMUM IN THE
THERMOELECTRIC POWER OF LIQUID MERCURY ALLOYS, T. Itami,

N, Takshaghi and M. Shimoji. Department of Chemistry,
Faculty of Science, Hokkaido University, Sapporo 060, JAPAN

As is well known, mercury alloys containing alkali ele-
ments and trivalent B sub~group elements show a minimum at a
few atX solute concentration in the isothermal curve of the
thermoelectric power Q plotted against the composition C.
This phenomenon ("the minimum in Q") has been a curious un~
resolved problem, For example, in his book(An introduction
to the Theory of Liquid Metals, Cambridge 1972), Faber pre-
sented the question why the addition of small quantities of
In incresses |Q| while adding small quantities of S5n decrease
it though their effect on the resistivity p {s the same.

Recently authors revealed the close relationship becween
the origin of the minimum in Q and the higher order atom-atom
correlation function effects; that is the physical quantities
containing the temperature derivative of the radial distribu-
tion functions or the partial structure factors show anomaly
at the concentration where the minimum in Q occurs.

Here the experimental results of p of liquid Hg-In and Hg-
Sn alloys are reported. The p of both systems decreases
smoothly with the addition of In or Sn, as pointed out by
Faber. But the temperature dependence of p, 30/3T, of liquid
Hg-In alloys shows hump at 5 at% In where the minimum in Q
occurs; on the other hand the 3p/3T of liquid Hg-Sn alloys
(with no minimum in Q) shows no such behaviour. Thus the
reply to Faber's question is as follows; there exists a
difference of p between liquid Hg-In and Hg-Sn alloys in its
temperature dependence, arising from the higher order corre-
lation function effects. The origin of the minimum in Q and
the picture of the higher order correlation function effects
are also discussed in some detail.
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POSTER SESSION PE: METAL-NONMETAL TRANSITIONS

PE1 AN NMR CUMPARISON OF SOME ALKALI-ANTIMONY ALLOYS
AROCUNL THE METAL NON-METAL TRANSITION. K. Dupree ard

L. Bottyan, University of warwick, Coventry, UK, and

W, Freyland, Universit¥t Marburg, D-*550 Marburg F.R. Germany.

A few alloys of elemental liquid metals exhibit nonmetallic
properties around particular stoichiometric compositions.
Alkali metsl-antimony systems belong to this group near the
X35b composition. Theoretical models of these alloys suggest
that they should be regarded as charge transfer compounds with
a bond ionicity ranging from 0.60 for Cs3Sb to 0,05 for LiaSb
(Robertson (1983)). We have measured the NMR Knight shift and
relaxation time of the alkali metal in Cs-Sb and Na-Sb in
order to obtain some experimental information about the rela-
tive ionicity of these systems. For Cs-Sb the Ce shift and
relaxation rate drop rapidly as antimony is added to caesium

" whereas the 2 shift and relaxation rate change move slowly

with addition of antimony. In Cs-Sb the large charge transfer
gives rise to virtual bound states in the dilute alloy. For
Na-Sb the situation is less clear although the shift drops
more rapidly than in the truly ionic alloy Cs-Au where it
follows free electron like behaviour until near the metal-
nonmetal transition, For the composition NazSb the shift and
relaxation rate drop to non-metallic values as they do for
Csz5b. However in Cs3Sb the relaxation rate is more sensitive
to excess alkali than for NazSb and the NMR behaviour is con-
sistent with non-degenerate 5tates locamlized within a mobility
gap in contrast to CsAu where we found F centres.

PE2 PROPERTIES OF HOT.BXPANDED LIQUID ALUMINUM. G. Roger
Gathers and Marvin Ross, Lawrence Livermore National
Laboratory, Livermore, CA 94550 USA

Measurements of temperature, volume, enthalpy and electri-
cal resistivity have been made on aluminum expanded isobari-
cally by 508 in volume to temperatures of about 4000 K.

These ements are pared with the predictions of
liquid metal pseudopotential theory.

*Work performed under the auspices of the U.S. Department of
EBnergy by Lawrence Livermore National Laboratory under
contract §W-7405-Eng-48.

PE3 THEORY OF STRONG SCATTERING IN LIQUID COMPOUND-FOR-
MING ALLOYS, W. Geertsma and A.B. van Oosten, Solid State
Physics Laboratory, Materials Science Center, University of
Groningen, 1 Melkweg, 9718 EP Groningen, The Netherlands.

Liquid alloys of alkali metals with post-transition me-
tals exhibit peculiar behaviour in their physical properties
around one or more compositions. This behaviour is interpre-
ted as being due to either charge transfer or charge trans-
fer accompanied by strong covalent bonding between the non-
alkali metal ions. In this contribution we will focus atten-
tion on effects due to intermediate p-type scattering of
electrons. Obviously, the simple Ziman-formalism for calcu-
lating the resistivity is no longer valid in these systems;
accordingly, we have used the extended Ziman equation for
the resistivity as given by Greenwood, Lloyd and Evans. We
have calculated the resistivity over the whole concentration
range of Li-In and Li-Pb. A problem is the consistent choice
of kg, EF and the electron concentration.

To determine these quantities unambiguously we have set
up a calculation starting with the Kubo-Greenwood equation.
We approximated the kernel of the Bethe-Salpeter equation in
second order in such a way as to be consistent with the an-
proximation used for the electron self-energy. This set of
equations determined the electronic density of states and
the resistivity. Results of calculations for Li-Pb using
this formalism will be presented.

PE4 SELF-CONSISTENT STUDY OF CHEMICAL SHORT-RANGE ORDER

AND CHARGE TRANSFER IN LIQUID ALLOYS. Ch. Holzhey*, J. Franz*¥

F. Brouers*** and W. Schirmacher*

Based on a self-consistent theory of electronic and atomic
structure of liquid alloys developed recently by the authors
we study the relationship between chemical short-range order
and charge transfer as a function of temperature in alloys
that have strong deviations from metallic behaviour. The pair
correlation functions are calculated in the mean spherical
approximation from exponentiaily screened Coulomb potentials
with effective charges subject to charge neutrality. Self-con-
sistency is established by relating the effective charges to
the electronic charge transfer and the screening parameter to
the electronic density of states at the Fermi level N{Ef).

We find a decrease of charge transfer with increasing tempera-
ture which also leads to a higher value of N(Ep) in agreement
with experimental findings. This change from ionic to metallic
character is also reflected in the atomic siructure.

*Physik-Department, Technische Universitat Minchen, 8046 Gar-
ching, W.Germany
**Department of Physics, Indiana University, Bloomington, In-
diana 47405, USA
***Fachbereich Physik, Freie Universitit Berlin, 1000 Berlin
33, W.Germany
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) SEMICONDUCTOR-METAL TRANSITION IN LIQUID
SELENIUM-TELLURIUM MIXTURES AT HIGH TEMPERATURES
AND PRESSURES, H.Hoshino,Hirosaki University,
Hirosaki,06,Japan,and K.Tamura and H.Endo,Kyoto
I'niversity,Kyoto,b06,Japan.

It is observed for liquid Sol) that the isochore
curves on the P-T plane tend to bend by raising
tite temperature and the pressure. In the vicinity
ot the inflection in the isochore curves a tran-
sition from semiconductor to metal occurs. The
measurement of the density fgr the liquid Se-Te
mixtures was made up to 1300°C and 300 bar by
using the Archimedean method with alumina balls
as sinker. The isochore curves for various mix-
tures determined on the P-T plane show similar
temperature variations to those for liquid Se at
higher pressures. This suggests that there is a
qualitative equivalence of the effects of in-
creased Te content and increased pressure. Near
the semiconductor-metal transition region the
fluctuations of the dihedral angle are large and
various types of connectivities of covalent bonds
(chain-like, ring-like and zigzag connectivities)
appear, which causes dangling bonds and various
conformational defects. The number of the dangling
bond state C, increases by bond breaking and
unstable zigzag chains create a weakly localised

o o o
three-fold state C_, in the process C1 + C2 - C3.
As a consequence o} the collapse of chain struc=
ture, there appears a kind of lamellar structure
similar to the crystalline As,

The speculation mentioned above will be dis-
cussed in connection with the results of the elec-
trical conductivity, sound velocity and optical
reflectance at high temperatures and pressures.

1) R.Fischer,R.W.Schmutzler and F,Hensel,
J.Non-cryst.Solids,35-36, 1295 (1980).

PES NONMETAL-METAL TRANSITION IN LIQUID Bi-
BiBr,, MIXTURES UNDER PRESSURE, S.Hosokawa and
H.Engo, Kyoto University, Kyoto, 606, Japan, and
H.Hoshino, Hirosaki University, Hirosaki, 036,
Japan,

The measurements of the electrical conductivigy
; and the sound velocity v_ were made up to 600 C
and 20 kbar by using the piston-cylinder appa-
ratus.

The values of J increase with increasing Bi
concentration, showing the nonmetal-metal transi-
tion, Taking x the mole fraction of Bi in the mix-
ture, the concentration derivative of J at con-
stant pressure, (31n3/dx), increases sharply by
adding Bi to liquid BiBr.,, reaches a maximum and
then decreases rapidly b? further increase of x.
This means a transition from nonmetal to metal,
The cancentration at which the maximum appears
shifts to lower x with increasing pressure. It is

also tound that the pressure derivative of : at
constant temperature, (91n_/3P),. shows similar
copncentration variations to those of (aln,/ax)p.
The =ound velocity v is nearly constant in the
salr-rich region up to about x=0.3 and then in-
creases gFradually with increasing x, The excess
molar volume of mixing estimated by the results of

v is negative and becomes zero with increasing
a
pressure,

When Bi o is added to liquid BiBr., it may occupy
the empty hole< in BiBr, <tructured and cause a
dostraction ol <tpong coarvrelation between bismuth
and bromide jons, Such a stractural change due to
destruction of the strong caorrelation may be
accelerated by application of pressure,

PE7 THE SPECIFIC HEAT OF MERCURY AT SUB- AND SUPER-
CRITICAL TEMPERATURES AND PRESSURES.

M. Levin and R.W. Schmutzler, Physikalische Chemie Ia,
Universitdt Dortmund, Postf. 500 500, 46 Dortmund 50, FRG

The paper reports on measurements of the molar heat
capacity at constant pressure, Cp, of mercury up to 1800 K
and 2400 bar, i.e. up to supercritical temperatures and
pressures. For this purpose a mercury sample of known geo-
metry, maintained at the required temperatures and
pressures in an internally heated autoclave, is slightly
heated by a short, calibrated current pulse (duration ~
30 usec, repetition rate 50 sec™!) by about 0.1 to 5 K.
This temperature increase is determined by the change of the
electrical resistance of the sample. Knowing the energy per
pulse, the increase of temperature due to the pulse and
the mass of mercury within the sample volume taking pVT-
data from the literature (1), the molar heat capacity Cp
can be evaluated.

The results show nearly no pressure dependence and
only a slight temperature dependence for T < 1400 K. So
Cp changes from 27.6 J/mol K to 33.5 J/mol K if the tempe-
rature is increased from 800 K to 1400 K irrespective of
pressure for 1000 bar < p < 2400 bar. A further increase
of T up to 1800 K at 2400 bar causes an increase of Cp by
more than a factor of two to 80.4 J/mol K. In addition the
pressure dependence of Cp becomes strong at these tempe-
ratures.

With the help of density data from literature (1) the
molar heat capacity at constant volume, Cv is evaluated.
The results are discussed in connection with the metal-
nonmetal transition observed in liquid mercury at these
temperatures and pressures.

(1) G. Sch&nherr, R.W. Schmutzler and F. Hensel,
Philos. Mag. B 40, 411 (1979)

PE8 LOW ANGLE STRUCTURE FACTORS OF EXPANDED LIQUID
RUBIDIUM. I.L. McLaughlin, La Trobe University, Bundoora,
Victoria 3083, Australia, and W.H. Young, University of East
Anglia, Norwich NR4 7TJ, U.K.

The low angle structure factors of expanded liquid
rubidium are calculated by first finding interatomic
potentials using pseudopotential theory and then applying
the random phase and mean density approximations of liquid
structure theory. Good agreement with experiment is
obtained in the mean density approximation for k s 0.5 g'l;
at higher k a hard sphere description is appropriate.
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PE9 ELECTRICAL CONDUCTIVITY OF LIQUID Cs-CsI MIXTURES. PET THERMODYNAMIC PROPERTIES OF LIQUID Na-IVb ALLOYS.
S. Tamaki, S. Matsunaga, T. Ishiguro and S. Takeda,
Niigata University, Niigata, 950-21, JaPAN

e

L

S.Sotier,H.Ehm,F.Maidl,Fachhochschule Miinchen and Physik De-

partment E 13 T.U. Miinchen,W.Germany.

The vrevious descriptions (Tamaki et al, 1982 an! Matsu-
naga et al, 1983) of the thermodynamic properties of li-uid
Na-IVb alloys are referred to and extended, in order to

The electrical conductivity of liquid Cs_(Csl) has been
x l-x : . X
explore the mechanism of compound formation in them.

measured over the whole range of concentrations from pure Cs
to pure CsI.In the metallic range and down to conductivities
of about & = 5000 2cm™! we used thin walled metallic con-
tainers as sample cells.Several potential electrodes made it
possible to study the homogeneity of the mixtures.The mea-
surements of low conductivities were performed in Alzoécera-
mic cells with Nb electrodes using a AC-bridge with frequen-
cies up to 10 KHz.

The concentration dependence of the electrical conducti-
vity of csx(CSI)l-x is similar to the one found in Csx(dscll_‘

but differs considerably from & in Csx(CsAu)l_x.The Metal-

The presence of compound or chemical complex in liquid
alloys is usually confirmed by the electrical resistivity,
the concentration-concentration fluctuation in the long
wavelength limit, S_(0), the Stillinger-Lovett condition
and the additional specific heat, &C . 1In particular,
the temperature dependence of 4C_ is'a direct measure of
the dissociation of the compound?

All these quantities of liquid Na-IVb alloys are consist-
ently combined and it is concluded that the compound form-
ation in liquid Na-Sn alloys occurrs near the composition of
Na,Sn_ and Na_Sn, respectively, and that in liquid Na-Pb
alfoyg is neatr the compositions of NaPb and Na4Pb.

Tamaki $, Ishiguro T and Takeda S, 1982, J. Phys. F: Metal
Phys., 12, 1613
Matsunaga S, Ishiguro T and Tamaki S, 1983, J. Phys. F:

Metal Phys., 13, 587

Nonmetal Transition can be further discussed using NMR-shift

and relaxation data in the same systems.

PE10 NEW RESULTS IN LIQUID ALKALI-GROUP IV-A ALLOYS,

W. van der Lugt, C. van der Marel, W. Geertsma, J.A. Meijer,
A.B. van Oosten, J. Dijkstra, P.C. Stein and B.P. Alblas, So-
1id State Physics Laboratory, Materials Science Center, Uni-
versity of Groningen, 1 Melkweg, 9718 EP Groningen, The Ne-
therlands.

Measurements of the neutron diffraction pattern, the re-
sistivity and the Knight shift have been performed on a num-
ber of alkali-group IV-A alioys. The behaviour of the Li-Sn
system is rather similar to that of the Li-Pb system, al-
though the effects of compound formation are significantly
stronger in Li-Sn. They culminate at the composition LigSn.

In Na-Sn, Li-Ge and Rb-Pb
a second distinct compo-

200 ] sition of compound for-
. ) mation has been found,
corresponding to 43% al-
oot o : kali metal. Neutron dif-
. ' fraction measurements
800 and comparison with the
B solid state structure
7 600) \C provide strong evidence
2 . s0% ! for the existence, at
* o s o w ) this composition, of ne-
[ gatively charged tin-te-
trahedra, internally co-
* ’m‘ valently bonded, forming
| an ionic mixture with
b T THTT H T 6 o the alkali ions.
(50\0’.1']
N The I3Na knight shife in Liquid
N Na-Sn.
full curve experiment, &(-
quidus
dashed curve : expeniment, 600 °C
IOGADD ¢ caleulated
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PR STRUCTURAL RELAXATION OF
Fe-B ALLOY BY X-RAY DIFFRACTION

M. Laridjani**, J.F. Sadoc* and R. Krishnan**
** C,N.R.S. | place A. Briand 92195 Meudon
* Laboratoire de Physique des Solides 91405 Orsay.

The structural relaxation of different Fe|_, By alloys
(x = 16, 17, 18.5, 20, 21.5) prepared by melt-spining techni-
que, have been studied by X-ray diffraction. The interference
functions for the different compositions are obtained by two
techniques : the classical 6-26 diffraction using monochroma-
tic radiation (AgKa) and the energy dispersive methods (varia-
ble X),

The interference and high resolution radial distribution
functions show a composition dependence. W(r) main peaks in-
tensities depend on the B content, however the position of
peaks remains unchanged. The second peak shoulder in I(K) is
~ery sensitive to the B content. The I(K) and W(r) for Fegy
Bjg are explained using a model for pure metal (from curved
space model). The interference and the radial distribution
functions evolve with an increase of the temperature (20°C-
340°C). If the isothermal annealing time at high temperature
is short (v hour) there is a quasi-reversible behaviour. This
structural reversibility can explain the reversible changes
in Curie temperature observed on alternate annealing at 250°C
and 300°C. If the annealing time is long (300°C during 24
hours) the interference function obtained after returning at
room temperature is modified relative to the initial functiom.

By modeling, we attemp to describe the effect of tempera-
ture on the structure.

PF2 VIBRATIONAL DYNAMICS OF LIQUID TELLURIUM. R.J. Magana
and J.S. Lannin, The Pennsylvania State University, University
Park, PA 16802 USA.*

First order Raman scattering measurements are reported in
liquid Te between the melting point and 600C. Both polarized,
HH, and depolarized, VH, Raman spectral components have been
studied using a pseudo-backscattering geometry. Three dis-
tinct vibrational bands are observed in the VH spectra which
yield the form of the spectrally weighted phonon density of
states. The phonon spectum thus differs significantly from
that of amorphous or liquid Se in form. A comparison with
the form of the phonon spectrum of amorphous Te also differs
significantly from the observed spectra. In addition, the
L-Te VH spectra for the higher optic-like modes is shifted
significantly to lower frequencies. This is interpreted as
an increase in metallic interactions in 2-Te relative to
greater covalency in crystaliine and amorphous Te. The HH
Raman scattering spectra further indicate one strongly polar-
ized peak centered at ~112em-1, Both the polarization behav-
tor of the 2-Te spectra as well as the form of the VH and HH
components differs substantially from that of 2-fold coordi-
nated, chain dominated 2-Se as well as from that of 3-fold
coordinated amorphous As. The results will be discussed 1n
terms of various structural models proposed for 2-Te, includ-
ing 2-site models.

*Supported by NSF Grant DMR 8109033

PF3 STRUCTURE OF BeA3foZr57_x METALLIC GLASSES

M. Maret, Institut Lauve-Langevin, 156X, 38042 Grenoble, France,
A. Soper, University of Guelph, Ontario NIG 2W!, Canada,

G. Etherington and C.N.J. Wagner, University of California,
Los Angeles, CA 90024 USA.

The Be,qHfy2rq-.y metallic glasses were prepared by the
melt-spinning technique in Livermore Laboratory by L.E. Tanner.
The structure of these glasses was investigated by X-ray
diffraction for x = 5, 25, 54 at.Z with the variable-26 method
using the Ag-Kyradiation, and by neutron diffraction for
x = 25 at.Z. Neutron diffraction measurements were carried out
at the pulsed spallation source in Los Alamos using the high
epithermal flux, and alsc ou the DIB (with A = 2.52 K) and
D2 (X = 0.94 &) instruments in ILL Grenoble.

The isomorphous substitution allowed us to determine
accurately the partial structure factor IMT-MT (MT = Hf or Zr)
from the two interference functions I*(k) corresponding to
x =5 and 54 at.?, since the contribution of the Ige-pe func-
tion is negligible in I*(k). The two other partial functions
Ige-Be and Ipo-Ty were evaluated from the two total functions
IX(k) and I"(k) measured for x = 25 at.Z, and assuming Iyr_yT
known. The rij nearest neighbour distances, obtained from the
8zr-zr (r) and g"(r) pair correlation functions, are very
close to those existing in the BejMT crystalline compound.
From the z;; partial coordination numbers, we calculated a
negative vaiue of the generalized Warren CSRO parameter
a ¥ - 0.2, indicating a chemical ordering of the same magni~
tude order than that found in the Niao'Tieo glass.

PF4 X-RAY DIFFRACTION STUDIES WITH LIQUID NI~B AND MN-Si
ALLOYS. E, Nassif, P. Lamparter and S. Steeb, Max-Planck-
Institut fir Metallforschung, Seestrafe 92, 7000 Stuttgart-i,
Germany

The structure factors as well as the pair correlation
functions of molten Ni-B and Mn-Si alloys have been determined
by X-ray diffraction.

The structural results for molten Ni, B and Mn74Si2 are
compared with the structure of the corresSponding meta?lic
glasses which can be obtained by rapid gquenching of the melt.
While the normalized atomic distances of the amorphous alloys
can be well described by tetrahedral packing models, those ob-
tained with the molten alloys show marked deviations from the
models. On the other hand structural similarities between the
glass forming molten alloys and the amorphous alloys have been
observed. The shoulder on the second maximum of the structure
factors, characteristic for metallic glasses, is still present
in the molten state. This structural feature cannot be observed
with molten Ni_.B and Mn Si which do not fall in the
. e 33.57°66,5 A
glass forming Composition randes of these systems. Significant
changes of the structure of the molten alloys with increasing
metalloid content are discussed.
The results for the liquid Ni-B alloys are compared with pre-
vious results for liquid Fe~B alloys.




PFS STRUCTURE AND CRYSTALLIZATION OF THE AMORPHOUS
6BB ALLOY, Shen Ning-Fu®, TI.P. Jones®*® and J.N,
Prae I %Department of Mechanical Engineering Zhenzhou Insti-
tute of Technology, Zhengzhou, Henan, China. ®®Department of
Metallurgy and Materials, University of Birmingham, Birmingham,
U.K.

ARG as "1

The ribbon of the amorphous Co Ho B alloy was obtained
by melt spinning. X-ray diffraction. el%ctﬁon diffraction and
computer simulating were carried out to establish the structure
model in the amorphous alloy. In-situ heating experiments at a
1000 kv high voltage transmission electron microscope, X-ray
microsnalysis at EM400 (STEM) and DSC analysis were used to
investigate the crystallization sequence and mechanism is this
amorphous alloy.

TYTIT IR e A

The main results are following:

1. Phase separation exits in the as-quenched amorphous
co Hcl68B Alloy.

The Co-riched amorphous phase has the glass transition tem=-
perature of 520 © K, the second amorphous phase has the
glass transition temperature of 900 % K.

e
N
h

3. The crystallization sequence consists of:
Amorphousl+AmorphousIl-—>Co(h.c.p. metastable)+amorphous
~=>Co(f.c.c, )0C03Ho(metlstlb1e)h.c.p.oAmorphousII'
-=—>Co(f.c.c. )oCo3Ho¢CoMoB(orthorhomblc).

4. The precipitation of Co (h.c.p.) is controlled by long dis-
tance diffusion of solute atoms, The combined growth of
Co.Mo and CoMoB is controlled by the interfacial diffu-
sion,

PF§ EXAFS STUDY OF ELECTRODEPOSITED Ni-P BINARY ALLOYS

Tokuhiko Okamoto and Yoshiaki Fukushima
Toyota Central Research and Development Labs., Inc.
Nagakute-cho, Aichi, Japan

EXAFS measurement was made for the region above the
nickel K-absorption edge of Ni-P binary amorphous alloys,
prepared by electrodeposition and rapid quenched techniques.
Experimental data were Fourier
transformed to | ¢3(r) | .

Figure 1| illustrates typical
| 03(r) | patterns of the alloys,
with different phosphorous contents.
Comparison of the spectra in Figure
| reveals that the peak positions
of electrodeposited alloys and fcc
nickel are similar to each other,
while their EXAFS patterns are
quite different from that of rapid
quenched Ni-P amorphous allovs.
Increased phosphorous content in
electrodeposited Ni-P alloys was
found to shift the lst peak to the
lower side and increase the inten-
sity of the 2nd peak.

These results suggest that the i
atomic arrangements in the alloys
are varied by method of preparation t{A)
and the contents of additives.

I el(r)’ (arh. units)

Figure l| &;(r)| patterns.

(1): fece Ni, (2): electro-

i deposited Ni-(8.5 at.%)P
alloy, (3): electrodeposited

' Ni-(23.9 at.2)P alloy and

(4): rapid quenched Ni-(18.}

at.%2)P alloy.

PE? CRYSTAL~ FIELD EFFECTS Ih AMORPHOUS ALL”VS CWW;AIHXﬁC
PRASEQDYMIUM. g
PLubertrand anc . F.
Toulouse (Trance), .
Landoeuvre-lea-.an o (Trance).

Ce

La Ax an¢ ﬂagaa CO"pOdnC-. vry¢'5¢‘ire a o la:ta comm
pounds were obtained in hexagonal and cubic
tlvely vo"resoondlwg amorrhous al o;c were
quid quenchin

low U va1uo

field" effects were experimentally evidencel Ly means cf low-
temperature magnetizatior. anc nagﬁetoresistiv:_y reasurements
along with the temperature dependence cf the initial suscep-
tibility. From analysis of the cata, the following conclusions
can be drawn. First, the crystal-fiell effects are not <he sa-
me in amorphous alloys with Al and in those with Ga, which
implies that the average local symmetry about Pr lors is dif-
ferent in nature in these two amorphous systems. Seconc, the
average symretry in these amorphous alloys is somewhat remi-
niscent of that prevailing in the crystalline (cutic, hexago-
nal) counternarts. Third, the distribution of the local syrme-
wy around Pr is broader in arorthous ua3aa than In layAl al-
loys. This is in good agreement with conclusiors ob+ained fror.
analysis cf VN“ cuadru:clar spectra on the glass-former nuclel
(G ard A1) in the same alloys.

PF8 STRUCTURAL AND ELECTROCHEMICAL EFFECTS
INDUCED IN METALLIC GLASSES BY “ECHANICAL
DEFORMATION
M.Popescu and 0.Mih&ili,Institute of Physics
and Technology of Matzrials,Bucharest,P.0.Box
MG-7, ROMANIA

Methods were devised for studying the effects
of the deformation forces in metallic glassas.X-
ray diffraction was performed on in-situ deformed
samples.Electrochemical measurements were performed
in a special cell where one of the metallic glass
electrodes is subjected to uniaxial mechanical stress .

The mechanical forces applied to metal-matalloid
glassy ribbons,beyond the elasticity limit, induce
specific modifications in the atomic short-range
order. The main structural transformation consists
in the partial destruction of the short-rangs com-
positional order of the material. In amoroious
FeeoBao the uniaxial stress leads to a compositic-
nal splitting. In the deformed sample there was e-
videnced a b.c.c. a-Fe short-range order accompa-
nied by a short-range order caaracteristic tc te-
tragonal Fe,B.

The electrocherical potential measur2d vetween
t¥o electrodes made from metallic glass ribbons
{one frez ribbcn and other ribbon susjected tc uni -
axi3al extension) is strongly dependent on tho deo-
formaticn cf the nmaterial. The stressod ani o

formed clectrode becomes aegative as compared to
the unstressed one. The electrochemical - to“zzl
shows a non=linecar depandence on ﬁechanipal wifor=
TALlon as oppesite to tae linear bhohavicur in e
case of 1 micro-crvstalline 1ron wire.

The cbserved 2ffocts can e correlated

agindg 1n tne metallic glasses and 3liow
th2 decrease of corrosion resistanc: cof
mrtals when susitccted to format: on
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EER} MOSSBAUER AND X-RAY STULIES OF AMORPHOUS
: B,.Si1,, B. Bhanu Prasad, A.K. Bhatnagar, D.
nesaa‘?nd R. Jagannathan, University of Hydera-
ny:e-aba.-503134, India and T.R. Anantharaman,
3anaras Hindu University, Varanasi=221005, India.

srcorpnhous alley fFe (METGLAS 2605CQC)
vy reern Llrvestlgated ba Vbégbéﬂe* spectroscopy 1in
tne terperature range 7 - 900 K. The spectra have

24 : i te obtain the temperature dependence
vperfine 'aqre*lc field, H (Ty, the
distribution ©of internal wgéﬁetlc field
hyperfine parameters. The crystalliza-
tre arcrphous alloy takes place at approxi-
5" ¥, pefore the sample becomes paramagne-
e Jurle tenperature was estimated to be 830
-y extrapelation of #___(T) vs T data to

= . The inclusioR ' &f Co in iron mnetal-
1213 syster always seens to increase the Curle
rature. As observed for other me+tallic gla-
the Zata, (1) H o e (v) vs T/7 , lies below
Brillouin cu?éé cor 8% 1/27or 1.9 Data can be

*o the ermpirically modified Handrich's model
sad e* al /1/. The tempesagure dependegcs cf
Ty o= 0D 1 (T/T .
a largS temperatﬂrg -nEerval. ﬁetalfed cryg
Jrva.lization studies by MYssbauer spectroscopy and
d:ffraction will also be reported.

A

. Bhanu Prasad, Anil K. Bhatnagar and R.
aganrathan, Sclid State Commun. 36, 661 (1980).

]

ar STRUCTURAL HOMUGENEITY AND CRYSTALLIZATION
! AMORPHOUS Feg)Bi3 . 3513,5C2. Angela Leimkuhler
sascn, Robert B. Pond, Sr., and Robert E. Green,
‘r., The Johns Hopkins University, Department of
Materials Science and Engineering, Maryland Hall
#nom 102, Baltimore, MD 21218

Structural homogeneity and crystallization of
mm wide Metglas 2605SC ribbon (FegjBj3 5Sia 3C2)
- 1nvestigated using angular dispersive dif-
‘ractometry, energy dispersive diffractometry, and
ssanning electron microscopy. Inspection of
samerous areas 2f a 1.2 meter length of the Metglas

ietermine the degree of crystallinity indicated

1k nf homogeneity. Transition temperatures
rmined by anneailng an array of spec.imens
ours at temperatures ranging from 400°C
well as by heating from 24°C to 400°C
=h time diffraction data were recorded
a~ion to a semi-crystalliine state was
a* roerperatures weil below the accopted tran-
frr caiiirat
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pF- XPS and Mossbauer Study on Amorphous FeBSi Alloys
M.Taniwaki, K.Makiuchi, M.Sugiyama and M,Maeds, Dept. of
Electronic Engineering, Faculty of Enginecring, Hokkaide
University, Sapporo 060, Japan

The electronic structure of amorphous FeBSi alloys was
studied by Xray Pho:oeleccron Spectroscopy (MgKa) and Moss—
bauer Spectroscopv %7 Fe). Fey-B;,-xSix and Fevsszs-xSix
specimens were prepared by single-roll-technique in argon
atmosphere. The isomer shifts and the internal magnetic
fields of specimens were analvzed by MS and the binding en-
ergles of core electrons of Fe, B and Si and their peak in-
tensities were analyzed by XPS.

The dependence of the internal magnetic field on Si con-

centration was almost same as the report by Gonser et al (ref).

The internal magnetic field of FegqB,:-xSix increased slightly
with the Increase of Si, while it of Fe-¢B;:~xSix decreased
abruptly with the increase of Si. Two kinds of B2P peak were
observed in XPS spectra. Their binding energies were 188.5eV
(B(I)) and 203eV(B(II)). And at higher binding energv(210eV)
another weak peak was recognized. The high binding energy
indicates that electrons are taken off from the atom. In the
case of Feg,B-1-xSix, B(1) decreased with the increasing Si
and the decrease of B(O) was slight. That is to sav, in the
alloys, increasing Si atoms replaced B(I) having little effect
on the electronic structure of Fe. Sc the internal magnetic
field of FessB:~-xSix didn't change remarkablv. While in
Fe-:B, -xSix the decrease of B(1)was remarkable with increas-
ing Si comparing the decrease of B(I} indicating that Si atoms
replaced Boron atoms which had considerable effect on the
change of Fe electronic structure., Si with four valence
electrons may transfer mere electrons to d shell of Fe than B
with three valence electrons., As the result the internal
magnetic field might have decreased abruptlv.

REFERENCE

Gonser, M.Chafari, M.Ackermann, H.P.Klein, J.Bauer and H.-G.
Wagner, Proc. 4th Int. Conf. on Rapidlv Ouenched Metals,

vol.1l (1981) 639

DF1Z THE ACCURACY OF ENPERIMENTAL RADIAD DISTRIBUTION
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PF13 MOSSBAUER INVESTIGATIONS OF AMORPHOUS METAL-METAL
ALLOYS. H.-G. Wagner, M. Ghafari, H.-P. Klein, U. Gonser,
Angewandte Physik, Universitdt des Saarlandes, D-66o0 Saar-
brucken, Federal! Republic of Germany

Massbauer measurements of amorphous ZrFe and NiZr (Fe)
alluys are presented. Tt is found that the spectra of both
materials are very similar. Fitting a distribution of quad-
mipcle splittings to the experimental data one observes that
tae distributions are also almost identical for both alloys.
This suggests that the Fe environment is the same in both
cases. A comparison with spectra of crystalline phases allows
a tentative identification of the local units around Fe.

PF14 THE EFFECT OF QUENCHING TEMPERATURE ON THE STRUCT:'RE
AND CRYSTALLIZATION OF GLASSY NiZr,. J.L. Walter, General
Electric Research and Development (-nter, Schenectady, N.Y.
and Z. Altounian and J.0. Strom-Olsen, McGili University,
Department of Physics, 3600 University Street, Montreal,
Quebec, Canada H3A 2T8

Melt-spun NiZr; glasses quenched from different temper-
atures show markedly different crystallization character-
istics. Glasses quenched from higher temperatures exhibit
a double DSC c-ystallization peak, those from the lowest
temperatures a single peak, though the crystallization
products in boich cases are the same. The superconducting
transition temperature for glassy NiZr; also decreased with
increasing quench temperature. Electron microprobe and TEM
analyses showed all glassy samples to be homogeneous with
identical structures. [Llectron diffraction photographs
gave no evidence for phase separation in any sample.
Crystallization kinetics studies indicate that the
dafferences in crystallization characteristics are due to
differences in the number of quenched-in nuclei and i -
growth and nucleation rates. The decrease in super-
conducting transition temperature is explained by changes
in electron density of states, which are in turn
consistent with electron diffraction data.

Prl15 AN X-RAY DIiFFRACTION STUDY OF LIQUID ZINC.
G. Etherington and C.N.J. Wagner, Materials Science
and Engineering Department, University of
California, Los Angeles, California 90024.

The structure factor I1(kK) for liquid zinc has
been evaluated at five temperatures in the range of
444°C to 750°C. The maximum temperature was limited
by the bhigh vapor pressure and the chemical
reactivity of liquid zinc, but is higher than that
obtained in previous X-ray and neutron diffraction
studies. Measurements we. e made in transmission ge-—
metry using Ag-K« raciacion, and covered a K-range
of 0.4 to 10 A' . The data were corrected for
sample and cell absorption, incoherent and multiple
scattering, and the resulting I(K) were subsequent-
ly transformed to yield the total correlation func-
tions T(R). In contrast to previous X-ray studies,
the structure factors were found to agree well with
those obtained by neutron diffraction. The struc-
ture factor data were usaed to determine the tempe-
rature dependence of the electrical resistivity
using the Ziman theory, while the correlation func-
tion data provided information on the short-range
order in the liquid.

This research was supported by grant DMRBO-0793%9
from the National Science Foundation.
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251 Re-Amorphisation of Crystallized FEchigcquZ: by Neu-
tron Irradiation

R. Gerling, R, Wagner and F.P. Schimansky, GKSS-Forschungszentrum,

Institut fiir Physik, D 2054 Geestnacht, Box 1160, FR Germany

After thermal crystallization FEQQNiugloBzg ribbons have been
$§posed to incore reactor irradiation. By the nuclear reaction:
‘B{n,a)’Li + 2.71 MeV damage levels up to 30 dpa were reached.
The irradiated specimens were investigated by means of thermal
analyses (DSC) and transmission-electron-microscopy. Both methods
yielded the irradiation to induce a re-amorphisation. Thermal
analyses of the irradiated specimens exhibited exothermal reac-
tions, single peaked at lower damage levels and double peaked
above - 20 dpa. The onset-temperature Ty of the crystallization
increases coatinuously with increasing aamage level. At 30 dpa
T. is about 680 K (for as-qu. Fe,gNiug!%Bz¢ Tx = 690 K, &H =
23 ¢1l/g). Siaultaneously the heat of crystallization alse in-
creases, reaching 8l = 12 cal/g at 30 dpa. The radiation induced
re-amorphisation can also be inferred from the development of
broad halos in the electron diffraction patterns. In bright field
TEM images the presence of irradiation-induced bubbles can be
observed. They presumably contain the He-atoms resulting from
the nuclear reactions. After 2.6 dpa, small bubbles (diameter
about 10 %) appear mainly along the grain boundaries of the mi~
cro-crystalline material. Around 8 dpa the bubbles have reached
their maximum size and concentration (diameter about 50 R). At
this stage, specimens contain already some extended amorphous
regions. The presence of bubbles, however, is confined to crys~
talline regions. After 20 dpa, bubbles can no longer be observed,
although the material has not yet transformed completely to the
amorphous state but rather contains still some crystallites. The
amorphous structure seems to be able either to absorb the bubbles,
or they migrate during the re-amorphisation process. Neverthe-
less, amorphous regions appear bubble-free. At 20 dpa the re-
maining crystallites are chiefly y(Fe-Ni)-type. Their re-amor-
phisation commences beyond 20 dpa as can be observed by TEY.

pgz THE DILATOMETRIC ESTIMATION OF FREZ VOLUME
IN THERMALLY TRIATED NiBBZr6ZSAMPLES

EeGirt,KeNovalija,Z.Majstorovié snd T.Mihaé,
Institute of Physics,University of Sarajevo,71000
Serajevo,Yugoslavia

The amount of the excess free volume in amorph-
ous Ni,,Zr. ., samples was controlled bv an own met-
hod of dilggometric measurements during the iso -
thermal treatment,The idea was to show that the
free volume is generated by the thermzl motion,The
specific thermal treatmen6 wes ps follows: the
samples were heated to 350°C and thag annegled by
lowsring the temperature i.e, on 350°C,250°C =and
200~C.The analvsis of the ssmple contraction,which
enabled us to estimate the excess free volume
showed that the thermzl vibration of the atoms in~
cresses  the free volune.

The measurements wera comparcd with the measure
ments of wvisco~it on Ni=Z2r snd Ju-=Zr svstems,

t130, tie messuronents showed that the incres-
sed tensile stress berins to manerate the free
volurme,

52 LOG TIME RELAXATION XINETICS AND THE ACTIVATION ENERGY
SPECTRUM MODEL. M.R.”. Gibps, D.W. Stephens and J.E. Evetts,

Cepartment of Metallurgy and Materials Science, University of

Cambridge, Cambridge, England.

When the measured va.ue of a physical property varies
linearly witn tnhe logaritnm zf the isothermal annealing time,
log time kinetics are said tc be obeyed. Such kinetics have
been observed for a wide range of properties 1n metallic
glasses. In a previous paper (1) we reported stress relaxation
in cold rolled Fe +N1,-3,:. using measurements of magnetic
coercive field, f.nling log time xinetics in all cases except
for specimens that nad peen pre-annealed. e have recently
proposed a model, vased on g spectrum of available activation
energies, which can account for the appearance Or non-
appearance of loug time kinetics (2). 1In order to tust the
validity of this medel an detail, the oxperiments of (1) have
been extended over a wider time-temperature :ogime. Data nhave
also been gencrated Ly computer simulation Lsing u box
distribution ror the initial state of the spectrum of avallable
activation enerqgics.  Using such a simulatiocn 1t has been
possible tc calculate accurately the expected shape of
relaxation curves, even after complex thermal treatments.
Account has been taken of the effoects of repeatedly removing
the specimens from the furnace for measurement, and tle
agreement between calcuietion and experiment 1o excell

Thus, the activation onuergy speltrws modei 1s
cunsiderable value an unierstanding relaxal
metallic glasses.

1wl ®inetiol i

(1) M.R.J. Gibos and J.g. Evetts: Proc. Jdun 1 Conf.
Rapidly Quencihed Metals (Sendai, 1481), vol. i 472,
(2) M.R.J. Gibbs, J.E. Evetts and J.A. Leake: Mat. Sci

13 (1333) 278.

a} Dr. M.R.J. Gitbs, Department of Metallurgy and Materials
Science, Universicy of Cambridge, Pembroke Street, Cambridge,
CBI 3Q4 Tel. (0223} 65151.

b) Log time relaxation kinctics and the activation energy
spectrum model.

c) Subject class 5.

PG4 CALORIMETRIC EVIDENCE OF STRUCTURAL CHANGES IN
THERMAL AGED CuZr, NiZr, FeBSi(C) AND FeCoBSi AMORPHOUS
ALLOYS. M. Harmelin‘, Y. Calvayrac‘, A. Quivy‘. J. Bigot.,
P. Burnier®®, M. Fayard® (#) Centre d'Etudes de Chimie
Métallurgique, CNRS 94400 Vitry-sur-Seine. (**) Compagnie
Electro Mécanique 93350 Le Bourget, France

Differential scanning calorimetry was applied for de-
tecting structural changes due to thermal aging in diffe-
rent metal-metal and metal-metalloid amorphous systems :
CuyZr (j-x) (x=.33, .46 and .60), NiyZr(]-x)(x=.635 and .65)
melt spun ribbons and 2605 S2, 2605 SC and 2605 CO Metglas.
Isothermal heat treatments were applied near Tg for CuZr and
NiZr systems and in a wide range of temperature (from 130 up
to 300°C)and of time (a few minutes to several months) for
Metglas ribbons. Mechanical and electrical resistances of the
Metglas ribbons were also followed as a function of thermal
aging.

Two main kinetically different structural relaxation pro-
cesses were detected one occurs rapidly in a large range of
temperature and is irreversible on cooling, the other one
occurs with a slow rate and is a reversible one. Differences
are observed between the systems with or without glass tran-
sition.

Results agree with the model based on a spectrum of avai-
lable proccsses distributed in activation energy proposed by
M.R.5. Gibbs et al.(}) and by H.S. Chen(2). The existence of
localized clusters(3) which would undergo structural relaxa-
tion cooperatively therein may explained the _alorimetric
behaviour of the annealed amorphous Metglas.

(1) M.R.G. Gibbs, J.E. Evetts, J.A. Leake, Journ. Mater. Sci.
18 (1983) 278

(2) H.S. Chen, Journ. Non-Cryst. Solids 46 (1981) 289

(3) H.S. Chen, Proc. 4th Int. Conf. Rapidly Quenched Metals,
Sendai, 198!, p. 555




PGS EFFECTS OF QUENCH RATE AND COLD DRAWING ON THE STRUC-
TURAL RELAXATION AND YOUNG'S MODULUS OF AN AMORPHOUS Pdj; -
CugSijg.5 WIRE. A. Inoue, H.S. Chen*, J.T. Krause* und

T. Masumoto, The Research Institute for lron, Steel and
Other Metals, Tohoku University, Sendai 980, Japan, *Bell
laboratories, Murray Hill, New Jersey 07974, USA.

The effects of wire diameter(e.g. quench rate) and cold
drawing on the structural relaxation and Young's modulus of an
amorphous Pdj7 sCugSijg 5 wire were examined with a differen-
tial scanning calorimeter and the pulse-echo technique. The
results obtained are summarized as follows: (1)With decreasing
wire diameter(e.g. with increasing quench rate) and increasing
cold~drawn reduction in area, the temperature at which the
structural relaxation starts upon heating lowers and the heat
of structural relaxation(AH) increases, indicating that the
faster the quench rate or the larger the reduction in area the
higher is the degree of structural disorder in the amorphous
phase. (2)The Young's modulus(E) decreases with decreasing
wire diameter and with increasing reduction in area and there
is a tendency that the less relaxed alloy exhibits a lower L
value. (3)There exists a strong correlation between AH and E;
the larger the AH the smaller is the E. One plausible expla-
nation for such a strong correlation is that in the relaxed
amorphous alloy having a high degree of short-range ordering
between metal and metalloid atoms the internal displacement of
constituent atoms becomes difficult, resulting in a larger E
value. (4)In the order of wire(160 um diameter)>ribbon(35 um
thickness)>cylinder(l mm diameter), the difference in the spe-
cific heat between the as-quenched and the annealed state(ACp)
and AH increase and E decreases. This indicates that the
amorphous phase in the wire possesses a more random structure
as compared with the ribbon and the cylinder, despite that the
diameter of the wire 1s larger by about 4-5 times than the
thickness of the ribbon. From these results, it may be said
that the in-rotating-water spinning method, by which an amor-
phous wire is manufactured, is a more useful technique for
producing an unrelaxed amorphous phase having a high degree of
structural disorder as compared with the conventional roller-
type quenching method.

PG6 YOUNG'S MODULUS OF Fe BASED AMORPHOUS LUVAR ALL Y.,
5. Ishio, Y. Sato, T. Ikeda and M. Takahashi, Dept. &ppl.
Phys., Tohoku University, Sendai, 980 JAPAN

Young's modulus in rapidly quenched amorphous Invar alloys
exhibits a stiffening below a Curie temperature and a relaxa-
tion in consequence of annealing: these phenomena would give
an important information to make clear not only the magnetizm
in a random structure but alsc the origin of the Invar effect
in transition metal alloys. However, to study an elastic
property in ferromagnetic alloys, a temperature dependence of
elastic constant must be measured up to a paramagnetic state
in fields enough for saturation of magnetization, and ouly u
few works have been performed up to now. This paper de-
scribes experimental results of the systematic study about
the Young's modulus in Fe based amerphous Invar alloys.

Amorphous Fe, j.xBy (1 225), Fepgp-xPx (152x221),
Coygg-xBx (173x233) and (Fe,Cn,Ni);-51)oB): alloys were fab-
ricated using a disk method. The Toung's modulus was meus-
ured using an ultrasonic pulse echoe method (pulse width: 1
usec, duty cyele: 100 kHe! in Tiel np oo 4 ke,

The composition lependence (¢ F in the Fe-# aliny o shown
in Fig.l. Note here tha® the

wmlue of E as bkl (noereases 20 m s ]
consicerably with B ororn : feo0.4 8, >
tration. This te an:y io _ s y/ J
contrary to the o apositicn ~ ‘ H
dependence of the Debye tem- 3 | 4 oe !
perature in this alley but c 6~ /} 000 i
very cloze to that | for ® i Kt * °
the f.e.r. Fe=Ni alloy. :3 \AL /10 °

The mechanism of the Invar = {4;/3—/§ °
effect and the magnetic prop- |
erty in amorphous all-ys will '2 i
be discussed in the Conference, I

0 Lﬁ,; J U SO —d
0 5 20 2%

“.g- 1. Composition dependence
of Young's modulus in the X (ot
Fe-B alloy.

PG7 SHOCK WAVE CONSOLIDATION OF AN AMORPHOUS ALLOY.
P. Kasiraj, D. Kostka, T. Vreeland, Jr. and T. J. Ahrens,
California Institute of Technology, Pasadena, CA 91125 USA

Irregular and refractory flakes prepared from - 50 im
thick melt spun ribbons of an amorphous MARKO 1064 alloy
(51.5% Ni, 39% Mo, 8% Cr, 1.5% B by weight) were consolidated
by shock waves resulting from high velocity projectile impact.
Recovered samples were observed to have achieved full densi-
fication. Metallographic observations and x-ray diffractom-
eter scans indicate that the degree of interparticle bonding
and the amount of crystallization increase with shock energy
input. Substantial crystallization is observed in our high-
est pressure consolidations while at Tower pressures compacts
have little or no crystallization.

PG& DIFFUSION OF GOLD AND NICKEL IN METALLIC
GLASSES. M. Kijek and D.W. Palmer, School of Ma-
thematical Sciences, University of Sussex, Brighton
BN1 9GH, U.K.

The Rutherford backscattering technique has been
utilized to determine the diffusion coefficients D
of gold solute atoms in as—quenched and relaxed
Nir; s Nb,.. ar: Ti,,Ni ;Sis metallic glass ribbons.
The samples wer. sputter-coated with gold and then
were each diffurion annealed at four different tem-
peratures and times chosen so that crystallization
did not occur. The temperatures used were in the
range 335-380°C and 400-600°C for Ti ., Ni,;Si; and
Ni.s35Nbyo ; glasses, respectively.

The concentration—depth profiles of gold were
determined from the backscattered-ion energy spec-
tra obtained with an incident 2.0 MeV "He'i10n beam.
The combined effects of energy straggling of helium
ions in the medium and of the system energy resolu-
tion were included in the analysis.

The D values were evaluated from thick-source
solutions to the diffusion equation. The results
indicated that for gold contents greater than 20 at
% in the Ni-Nb glass the diffusion coefficient was
dependent on the gold concentration. For gold con-
tration smaller than 20 at % the values of the pre-
exponential factor D. and activation energy &, de-
termined from an Arrhenius plot, were 1.3x107m" /s
and 1.6 eV. The diffusion coefficient of gqold 1in
Ti., Ni_:Si; was, however, found to be independent
of gold concentration: 1n this case the values of D
and @ were 2.5x10 *m<“/s and 2.1 eV, repectively.
The same RBS method was used for the determination
of the nickel self difftusion coefficient in the
Nx,;.Nb‘.; glass.
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PG9 Therihr o1ABILITY AND CREEP BEHAVIOUR OF Fe-Ni
METALLIC GLASSES. A. Kursumovic, School of Engineering and
Applied Sciences, University of Sussex, Falmer, Sussex,

BNl 9QT, U.K. and B. Toloui, Oxford Research Unit, The Open
University, Foxcombe Hall, Oxford, OX1 S5HR, U.K..

Thermal stability of (Fe,Ni) oBlaSi glassy ribbons was
studied by dilatometry and dif?erential scanning calorimetry
techniques. The results showed that length and energy
changes during crystallization corresponded to each other,
having identical kinetics of crystallization in both cases.
Similar dilation techniques were utilized for creep measure-
ments. It was found that crystallization temperatures
increased by increasing the Fe content at 10 k min~! heating
rate. Creep onset temperatures behaved in the same manner,
indicating that viscous flow plays an important role in
these fairly stable metallic glasses.

PG10 THERMAL STABILITY, MAGNETIC AND MECHANICAL
PROPERTIES OF AMORPHOUS Fegg_yMyBq,Si, WITH M = Mn,
Cr, V, Mo, W. S, T. Lin, H, B, Wu and W, T. Ku,
Department of Physics, National Cheng Kung Univer-
sity, Tainan, Taiwan, Republic of China,

Effects of Mn, Cr, V, Mo, W on the density,
magnetization, Curie temperature, crystallization
temperature, hardness and embrittlement tempera-
ture of amorphous Fe MxB]hSi6 alloys have been
studied in detail, §9-ﬁas been found that most of
the values of the packing fraction calculated from
the measured densities are at 0.69 t 5%, indicating
the structure similarities among these series of
alloy compositions; substitution of Mn, Cr, V, Mo,
W for Fe in amorphous Fego_xMxB1uSiG decreases the
magnetization, Curie temperature and embrittlement
temperature, but increases both the crystallization
temperature and hardness,

The composition dependence of Curie temperature
can be explained by CPA calculation, assuming that
JF&-Fe is positive and JFﬁ-M is negat?ve. This
suggests that Mn, Cr, V, Mo, W atoms interact
antiferromagnetically with Fe atoms in these
amorphous alloys, Hardness like Young's modulus
could be related to the average spin value by the
relation Hy, = a + b <s>2, where b was determined to
he negative in these alloys studied,

A possible correlation between embrittlement
temperature and hardness will also be discussed.

PG11 CRYSTALLIZATION BEHAVIOR IN AMORPHOUS INTER-
TRANSITION METAL ALLOYS, A.F. Marshall, R.G. Walmsley,

Y.S. Lee and D.A. Stevenson, Stanford University, Stanford,
CA 94305

The crystallization behavior of several amorphous
Cu-Zr and Cu-Ti alloys was studied using differential
scanning calorimetry (DSC), X-ray diffraction and
transmission electron microscopy. The crystallization
paths and the crystallization kinetics of these alloys were
characterized to obtaln insight into the structure and
relative stability of the amorphous state. The
compositions CuggZryg, Cugglrsg and CuggTigg
were prepared by the vapor—quench (VQ) technique of planar
magnetron sputter deposition; CuggTigp was also
prepared using a liquid quench (LQ) meltspinning technique.

CugpZryg crystallizes by direct nucleation and
growth of the equilibrium phase. The isocompositional
CuggTizp forms a metastable microcrystalline phase as
an intermediate step prior to nucleation and growth of the
equilibrium phase; the DSC scan showed two corresponding
exotherms. CuggZrpg also forms an intermediate
microcrystalline phase during crystallization. Although
these intermediate phases for CuggZrjg and CugpTigg
are based on small simple unit cells, they are easily
bypassed upon quenching. This may be related to changes in
chemical short range order upon crystallization.The
kinetics of crystallization during isothermal annealing of
CugpZrsp appear slow relative to results reported by
others for 1Q CugpZrsp; such a result may be
interpreted in terms of the mode of nucleation at that
temperature and differences in the quenched-in structures.
Comparison of VQ and LQ CugpTisg also show different
kinetic and morphological changes upon isothermal
annealing. In the temperature range for homogeneous
nucleation, the incubation time for the LQ alloy is longer
than for the VQ alloy. Crystal shape and orientation are
also different for the two alloys. These results are again
attributed to differences in the as-synthesized structures.




«

"

LM NP P

KA

." "' r .0|
L

POSTER SESSION PH: ELECTRONIC PROPERTIES 11

PH1 THEORY OF ELECTRONIC TRANSPORT IN LIQUID NON-SIMPLE
METALS. M. Itoh, University of East Anglia, Norwich, NR4 7TJ,
UK, K. Niizeki, Tohoku University, Sendai 980, Japan, and

M. Watabe, Hiroshima University, Hiroshima 730, Japan.

A theory of electronic transport is further developed
based on the effective medium aprroximation and the tight-
binding model. The basic formulation for the dc conductivity
oxx presented at the last Conference (Itoh et. al., Roth and
Singh) is extended to the Hall conductivity oy . We present
the results of the numerical application of our theory to a
model liquid metal. Detailed analysis is made for oxx , and
the discussion will also be given for oy.

For ordinary liquid-like atomic structure, we found very
large positive vertex corrections for oyy when the Fermi
energy 1s in the lower energy part of the band. As a function
of the filling fraction of the tight-binding band, oyy
has accordingly a sharp maximum at low filling fraction, and
this suggests the relative importance of d-electrons as
carriers in the conduction process in some earlier elements
of the transition metal series.

PHZ ELECTRONIC STRUCTURE OF TRANSITION METAL GLASSES:

Ir Ty_,. S.S5. Jaswal, University of Nebraska, Lincoln, NE
68§8é ﬁSA. and W.Y. Ching, University of Missouri, Kansas City
MO 64115 USA

Our recent electronic structure calculations on Zr,Cuj_y
glasses have shown that the position of a local d-band éelow
the Fermi level due to a given Cu atom is very sensitive to
its surroundings.l Therefore the calculated electronic struc-
ture when compared with the photoemission data is a very sen-
sitive tool to study the chemical short-range order in transi-
tion metal glasses. We are extending our calculations to

Ir T1.x glasses with T = Ni, Co and Fe. The glass is simu-
1ated by a large cluster (40-50 atoms) with periodic boundary
conditions. The atoms are randomly packed and then relaxed
with Lennard-Jones potentials. The calculated radial distri-
bution functions will be compared with the available experi-
mental data. The orthogonalized linear combination of atomic
orbitals method is used to calculate the electronic structure.
The calculated electronic structure will be compared with the
photoemission datal to study the chemical short-range order.
Finally, the calculated density of states at the Fermi level
will be compared with the experimental results.s

1.5, Jaswal, W.Y. Ching, D.J. Sellmyer and P. Edwardson,
Solid State Commun. 42, 247 (1982); S.S. Jaswal and W.Y.
Ching, Phys. Rev. B ZE, 1064 (1982).

2p. Qelhafen, "Glassy Metals II", Ed. H.-J Guntherodt and H.
Beck (Springer-Verlag, New York){in press).

Z. Altonnian and J.0. Strom-Olsen, Phys. Rev. B (in press).

PH3 ELECTRICAL REDIC
SOLVENTS WITH LIGHT
and £.0hno, NWiigata CTolle
, Niigate, JATAN

We repurt meusurements o the electrical r
ligquid Ag and Sb sclvents wi light rure eart
and discuss the behavicur of lisht RE
In, Sn anl St selvents, The eloctrieal
liquid Ag solvent with light RE solutes were measur
four probe method from the melting pcint to about 1zC
The additional resistivitics in liguid Ag sclvent ar.
T.3%, 7.70 and 7.90 ullecm for La, Ce, Ur and 'id solu
respectively. The additionual recietivities in 1:
solvent are .85, 1.20, 1.70 and 1.95 uQ-em for La, COo
Nd solutes, respectively. The value of La sclute iz con
ably larger than those of Ce, Pr and Nd solutes. The addi-
tional resistivities in liquid In and Sn solvents increase
gradually from La to Nd, peak at Nd and decrease gradually
from Nd to Yb.

We discuss the additicnal resistivities of La solute in
liquid metal solvents from the effect due to the Sd-resonrnance
scattering as follows,

20nhe . o T

0 = *nezkp s:mzﬁ.id (1)
where n is the number of conduction electrons per solvent atcm
s kg is the wave number at the Fermi level and Nj is the
number of the localized S5d-electrons. Assuming that N3 = 2.5
for La solute, the additional resistivities are calculated
from eq.{1). The calculated values of La solute in liguid Ag,
In and Sn solvents agree with the experimental values. However
,» the experimental values of La solute in liquid Sb solvent
can not be explained from the resonant scattering effect.

The additional resistivities of Ce,Pr arnd Nd solutes in
liquid metal solvents increase with increasing the number of
Lf-electrons. This trend is less marked in liquid Ag solvent
and is noticeable in liquid In solvent. The systematic
variation of the additional resistivities due to Ce, Pr and N
solutes in liquid metal solvents may be attributed to s,d-f
mixing.

PH4 ANOMALOUS TEMPERATURE DEPLNDENCE OF RESIS-
TIVITY FOR AMORPHOUS (Fe;.xNiy)775i;0B;3 ALLOYS.
T.K.Kim and Y.F Ihm, Chungnam University, Daejon
300-31, Korea, B.W.Lau, korea University, Seoul
132, Korea.

It was reported that the temperature dependence
of electrical resistivity in amorphous (Fe;_ Ni }_.
Si;oB;3; alloys has anomalous characteristics when
x=0.8 and 0.9: the electrical resistivity at the
crystallized state is larger than that at the amor-
phous state. 1In order to investigate this anomalous
characteristics, this work presents the experimental
results of the electrical resistivity, the Hall
resistivity, the saturation magnetization and the
structure analysis in (Fe,_,Ni );,5i,,B,; alloys.

The amorphous (Fe;_,Ni );,51,,B,; alloys were
fabricated into a ribbon gorm by a rapid quenching
technique. The resistivity of samples was measured
by a four probe technique in the temperature range
from 77 to 1200 K. The Hall resistivity of samples
was measured up to 17 KOe of magnetic field in the
same temperature range for electrical resistivity,
and the saturation magnetization was measured with
a vibrating sample magnetometer at 77 n.

Ihe effective numbers of the conduction electron
and the 3d clectrons of the transition elements
are calculated from the Hall coefficient and the
magnetic moment, and are compared with theoretical
nredictions.

rne stracture of samples around the crystalla-
zatien toemperature wis oexandaned by a X-ray Jdiffrac-
tometer. It is found that A-N1,.51 1s formeu at the
firsu step of the orysuvalirzation when x=0.s and
Joo oS0 trat the resistivity 1$ 1ncreased at crys-
tallization tomperature.

Slhmoand B.ow.Lau;, JMMM to
Kyoto 1n Japan)
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PHS HIGH FREQUENCY PROPERTIES IN A PARTICLE-DISPERSED AMOR-
PHOUS Coyg gFes 5SijgByg COMPOSITE WITH ZERO MAGNETOSTRICTION
K.Kimura, T,Masumoto, A.Makino* and T.Sasuki*, The Research In-
stitute for Iron, Steel and Other Metals, Tohoku University,
Sendai 980, Japan.

We employ the new technique to prepare two-phase amorphous
materials(amorphous composites} in an attempt to improve the
soft magnetic properties at high frequency.

Amorphous Coyp sFeq 5SijgB)s composites were produced by
the single-roller method, and shown to be consisted of an al-
loy matrix with a three dimensional dispersion of the second
phase particles of WC, using a compositional backscattering
mode in a scanning electron microscope. The volume fraction
(Vg) of these composites were varied, with Vg ranging from 1-5
%. Ring samples with the outer diameter of 10 mm and the in-
ner diameter of 6 mm were used to determine the effective »er-
meability (ueff) over a range of the frequency from 1 kHz t. 10
MHz, and the ac core loss ranging from 30 to 200 kHz.

The saturation magnetic induction of an amorphous Cyg g-
Feq 5SijgB)5 composite(Bge) do not undergo a rapid decrease
from the level of By for a non-dispersed alloy; i.e., within
the accuracy of this study's measurement, a simple relation of
Bge=Bs(1-Vg/100) is confirmed, indicating that second phase
particles in a magnetic matrix act as equivalent holes. The
curve of effective permeability for an amorphous Co7g 5Fes s
SijgB)s composite, annealed above a Curie temperature, versus
frequency is normal and appears to be dependent on WC-volume
fraction, extending a plateau to a higher regime of the fre-
quency beyond 20 kHz as the Vg increases. However, the scatter
in the effective permeability data(arising mostly from thick-
ness variation) is such that more accurate measurements are
needed to establish unambigously particle-dispersion effects
on high frequecny properties. The ac core loss for particle-
dispersed amorphous Co7g, sFeq 5Si1gB1s is defintely improved
relative to the non-dispersed alloy beyond the frequency of 50
kHz; the difference tends to increase with frequency.

A systematic study on the relationship between peff and
core loss at high frequency and the particle-volume fraction

and size is now being carried out.
* On leave from the Alps Electric Co., Ltd., Niigata 946, Japan

PHE THERMOELECTRIC POWER OF THE 5n-Se LIGUID ALLOY, D.
H. Kurlat, Universidad de Buenos Aires, Facultad de Ingenieria, Buenos Aires,
Argentina,

The Seebeck coefficient (S) of Sn,-Se;_, (x: atomic fraction) was measured
as a function of concentration temperature. The samples were synthesized by
fusing the components in guartz ampoules, which were evacuated to 10°® mm
Hg and then were filled with Ar up to pressure of 200 mmHg. Each sample
was kept at 150°C higher than the liguidus temperature for 60 hours. To ob-
tain the S values a quartz container of 80 mm long was filled with the substan-
ce being investigated. At each end of the container a hole was made, through
which a graphite electrodes. The voltage drop between either tha Al leads or
the Mo leads was measured either by a potentiometric method or using a digi-
tal microvoltimeter. Knowing the absolute thermoelectric power of the wires,
the Seebeck coefficient of each liquid alloy can be found. The temperature
gradient was always less than 12° C and all the experiment were performed
under Ar overpressure {7-8 kg cm?) after previous de-gassing under vacuum.
in the concentration range 1< x< 091 the alloy is metallic. For x=0.95
we have measured S in the temperature interval 873 K< T< 1273K . The li-
quid alloy is p-type and presents a maximum (S=6.2 uV/K) at 1176 K . In
pure liquid Se, Mahdjuri has observed S positive value for T2>990 K and a
maximum ($2300uV/K) about T=1100K .

Because the Seebeck coefficient of Sn is very little, we can explain S values,
by supposing a simple additional linear law of the type S =Z x,S; .

For x=0.35 (Sn-Se;) a transition semiconductor - semimetal was observed.
For 930 K< T<1015 K, S is positive and follows a f(T'/) law, with
Er-E, =073 eV and f/kg=5.54 . In the temperature interval 1055 K <
<T<1176 K, S is p-Aype but it remains nearly constant {55 uV/K<S<
< 65 uV/K) . This behavior may be explained because when temperature ri-
ses, chemical bonds are broken, electrons pass to the conduction band, and
so the relative number of holes is lowered.

PH7 EFFECT OF STRUCTURAL RELAXATION ON CRITICAL FIELDS
He AND Hep AND RESISTIVITY IN SPUTTERED AMORPHOUS ALLOYS
ZrjeCu24 AND Zr7gNip,. O, Laborde, 0. Béthoux, J.C.
Lasjaunias and A. Ravex, CNRS, CRTBT, B.P. 166 X, 38042
Grenoble Cédex, FRANCE

We report critical field and resistivity results on sput-—
tered amorphous Zry4Cus and ZryeNijg alloys. Measurements
were done on the same samples, firstly in their as-prepared
state and after an annealing well below the crystalliza-
tion temperature.

The superconducting thermodynamic critical field He(T) is
obtained from calorimetric measurements at very low tempera-
tuv e. The absolute value and the thermal variation of this
property are well described by assuming that both alloys are
weak-coupling superconductors and using for the electronic
density of states N(O) the value deduced from the vy coeffi-
cient measured above Tc.

A similar good agreement is not found for the upper criti-
cal field Hcp(T) measured by a resistive method ; the values
of H&:, slope of He2(T) near 1., are different for both
systems but do not vary significantly on annealing or on
conditions of preparation. While the product yp which would
be proportional to H) varies by more than 20 % on annealing,
an experimentaly detectable effect. Tentative explanations of
this unexpected result is suggested.

We also report resistivity measurements between room
temperature and T, for Zrjp Nipgq alloy. Results are well-
interpreted in the framework of the Faber-Ziman diffraction
model without adjustable parameters. The structure factor
S(2kf) is obtained from literature and 8p, the Debye rempe-
rature, from specific heat measurement. The observed varia-
tion of these parameters takes correctly in account the
results. Alternative explanations such as Kondo-like model
for two~level systems are also discussed.

PH8 MAGNETIC PROPERTIES OF AMORPHOUS METAL-
METALLOID ALLOYS. B.W.Lau, Korea University, Seoul
132, Korea, T.K.Kim and Y.E.Ihm,Chungnam Univer-
sity, Daejon 300-31, Korea.

In order to investigate the effects of alloying
elements and their concentrations on the magnetic
properties in amorphous alloys, the systematic mea-
surements of the saturation magnetization, coercive
force and Curie point 1n amqrphous Feg,(Si,;_ ,B,),,,
(Fe;_,Co,) 4B,y and (Fe;_ Ni )g,B;y, affoys in the
temperature range of 77 and 1200 K have been car-
ried out and discussed.

The amorphous alloys used in this study were
fabricated into a ribbon form by a rapid quenching
technique. The composition ranges of these alloys
are 0.18x£0.8, where x is the atomic concentration.
The structures of samples were carefully checked
by a X-ray diffractometer. The saturation magnet-
ization and Curie point were measured by a vibrat-
ing sample magnetometer and a magnetic balance.

The coercive force was measured by a hysteresis
loop tracer.

The saturation magnetization in Fey,,(81, B.),,
and (Fe,_,Ni,)g4,B,, at room temperature decreases
linearly with increasing Si and Ni contents, res-
pectively, but that in (FeI_XCox)SuBJU rises with
increasing Co content and passes through a maximuin
value at about x=0.5, and then decreases again.
The crystallization temperature in Feg (Si;_,B,)s,
increases linearly with increasing B3 content, put
those in (Fe;_,Co,),,B,, and (Fe;_ ,Ni }4,B,. ar-
almost independent on the concentrations of alloy-
ing elements, and are vY0 n and 660 K, respective-
ly. The magnetic woments of alloying eclements are
calculated from the saturation magnetizations mea-
sured at 77 K.

The results are compared with theoretical pre-
dictions and those for the other simillar amorphous
alloys.
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i PH9 OPTICAL PROPERTIES OF AMORPHOUS Fej_.ByALLOYS. PHI TEST OF DIFFRACTION MODEL PREDICTLONS FOR LOW

RESISTIVITY AMORPHOUS METALS., L. V. Meisel and P. J. Cote, US
Army Armament Research & Development Command, Large Caliber
Weapon Systems Laboratory, Benet Weapons Laboratory,
Watervliet, NY, 12189

N. Lustig, L.J. Pilione, K.C. Woo and J.S. Lannin.*
The Pennsylvania State University, University Park,
PA 16802 U.S.A.

Thin films of amorphous Fej_4Bx alloys have been
prepared by sputtering over an extensive composition
range from x = 0,15 to x = 1,0, Both dc sputtering
of arc melted alloys as well as composite targets

The Faber-Ziman theory of electrical transport (the
diffraction model) is expected to be valid if the electroan amean
free path A {s not too small. Most metallic glasses have elec-
trical resistivities p in excess of 100 ullem corresponding to A

0 s ANIAT o

prepared by rf diode sputtering have been employed.
Reflectivity measurements have been performed on thick
films from the infrared to ultraviolet, while trans-
mission measurements employed thin films. With in-
creasing B concentrations the reflectivity at 0.5eV

is found to decrease rapidly from that at x = 0.2,

In addition, the weak shoulder at -~1.7eV becomes more
distinct as B concentration is increased, suggesting

a peak in the joint electronic density of states at
this energy. The optical spectra further indicate the
transition from amorphous metal to amorphous semicon-
ductor.

*Supported by DOE Contract DE-AC02-82ER12083

PH10 DRUDE OPTICAL PROPERTIES OF AMORPHOUS NI1CKEL-
PHOSPHORUS ALLOYS.* S. W. McKnight and A. Ihrahim,
Northeastern University, Boston, MA 02115 USA

The free electron theory would seem to be a good
approximation for the infrared properties of amorphous
metals because the effects of band structure are greatly
reduced. We have measured the reflectivity in the spectral
range 0.02 - 2.5 eV of electro~-deposited Ni-P amorphous
alloys containing 15 - 26 at. % phosphorus. The data are
well fit in the low frequency region by the Drude model and
the optical conductivities determined irom the fit are in
agreement with the published DC conductivities for these
materials. Alloys with greater than 20 at. % P appear Drude-
like to frequencies as high a 1.5 eV while those alloys with
less than 20 at. % P begin to ueviate from free electron
behavior at frequencies around 1.0 eV. Crystalline samples
examined for comparison show structure at even lower frequen-
cies. These changes are correlated with an abrupt increase
in the peak height of the first x-ray diffraction maximum in
amorphous alloys under 20 at. 7% P.

Values of the plasma frequency wp and the inverse
scattering time 1/t have been extracted for the amorphous
alloys and both are found to decrease with increasing phos-

phorus content. Such a result can be consistent with a nickel

rigid-band model since a transfer of carriers from P to Ni
will raise the fermi level out of the d-band und decrease the
density of states. This reduces the plasma frequencv and,
through the effect on the density of final states, also

decreases the scattering. The model would imply, however, that

+he d- and s-electron density of states enter additively into

a single Drude term—-possibly as a result of strong s-d scatter-

ing. In addition, to be consistent with the magnetization

results, each P atom must be considered to contribute 3 rather

than 5 electrons to the Ni bands.

*Work supported by AFOSR, the Research Corporation. and the
Northeastern U. Research and Scholarship Development Fund.

of the order of ijonic dpacings where application of the
diffraction model is questionable. Nevertheless the Faber-
Ziman theory apparently describes the concentration dependence

in these alloys reasonably well and discrepancies become appar-

ent only under examination of the temperature T dependence of
p. If phonon ineffectiveness effects (saturation effects) are
incorporated in the electron-phonon matrix element in the
diffraction model improved agreement with the observed p(T)/
p(0y) 18 obtained in high resistivity glasses.

At present data are available for a number of low resis-
tivity alloys (p < 100 uflcm) over extensive ranges of tempera-
ture. We have applied the diffractinn model to these alloys
incorporating appropriate potentials, structure factors, etc.

The following general results were obtained: 1, Born approxi-

mation pseudopotentials yield reasonahle values for the magni-~
tude of p but poor results for the T dependence of p. 2.

Phase shift expanded scattering matrix elements can be adjusted

to give the magnitude of o and qualitative agreement with p(T)
in the Faber-Ziman theory. 3. The magnitude of p is quite
sensitive to the phase shifts; however, p(T)/p(0,) 1is essenti-
ally insensitive to the phase shift values within app.opriate
ranges. &4, When phonon ineffectiveness effects are included
(as in the high p glasses) greatly improved agreement with the
data is obtained. In particular: (i) The range of 2kg/kyp,
for which computations yield negative TCR, is broadened a

shifted with respect to that given in the "backscattering domi-

nant” approximation and 1s in accord with the data., (ii) The

observed positions and sizes of the small maxima in o for nega-

tive TCR cases are given by the theory. (1i{1) The quadrattic
behavior of p(T), observed below about 30K, is also described.

PH12 EFFECT OF 2k_/K ON ELECTRON TRANSPORT AND DENZITY
OF STATES IN HUME-ROH;E#% TYPE METALLIC GLASSES. U.Mizutani
and K.Yoshino, Nagoya University, Nagoya 464 Japan.

The ratio of the Fermi momentum 2k. tc the wave number
K , corresponding to the first peak of ?ge structure factor,
plays an important role in the discussion cf the electronic
structure of a disorderad alloy system. The reliable
determination of 2k_ is made possible in an alloy, which 1s
composed only of simple elements having definite valencies.
Here, we employed liquid quenched metallic glasses in the
alloy system obtained by adding the third element X {:=Mg,
Si, Ge, Sn and Sh}) to the (utectic Ag=Ju binary. lhe 2k
value 1is determined from the Hall effect and positron
annihilation and is in excellent agreement with the free
electron value.

The electrical resistivity @ OK of the Ag-(u-X ~X:-Mg
and Sn) metallic glasses is fairly rmall and is 1n rhe
neighborhood of 50 ).Q.—cm. This, together with the weli-
defined 2k_., assures the application of the extended Zimar

theory to  the electron tra:sport  properties of  these
metallic glasses. Indeed, we can show that the behavior o
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PH13 CALCULATION OF THE FULL SPECTRAL FUNCTION FOR AN
2MORPHOUS TRANSITION METAL. G.J. Morgan and G.F. Weir,
Department of Physics, University of Leeds, Leeds LS2 9JT, UK

We have applied the equation of motion method to calculate
the total spectral function for 8 and d electrons in a
model amorphous transition metal containing 797 'hard sphere’
atoms. Details of the effects of hybridisation on the 'free
electron like' band are presented for a range of band
parameters, Finally a simple model of photoemission is used
to predict the photo-electric current for two excitation
energies and these are compared with the predictions of the
Random Phase Model (RPM). It is found that, as in the case
of electronic conduction, “he RPM for the d electrons gives
quite good agreement with the more exact calculation.

PH14 IN SITU INVESTIGATIONS OF THE ELECTRONIC PROPERTIES
OF CO-EVAPORATED AMORPHOUS MgZn ALLOY FILMS. V. Nguyen Van,
S. Fisson and M-L. Theye, Laboratoire d'Optique des Solides,
ERA CNRS 462, Université F. et M. Curie, 4 Place Jussieu,
75230 Paris Cedex 05, France.

Amorphous Mg,_,Zny alloy films have been obtained by
controlled co-evaporation onto sapphire substrates maintai-
ned at low temperature (" 10 K) under ultra~high vacuum
(v 1077 Torr), for Zn concentrations arcund 30 at.Z. Due to
the rapid oxidation of these filr r ambient atmosphere,
all optical (transmittance and re: .ance at near-normal
incidence from 0.6 to 4 eV) and transport (electrical resis~
tivity) measurements have been performed in situ, first just
after deposition, then at different annealing steps, up to
room temperature. The complex dielectric constant € dedu-
ced from the optical measurementsqyas been analyzed in terms
of the Drude free-electron model. € is found to closely
iollow a free electron behaviour over a large spectral range
allowing the determination of the characteristic parameters
of the alloy conduction electrons : average effective num-—
ber per atom nggg and optical relaxation time 7T, . The nefr
value is shown to be smallcr than the value predicted by a
simple rigid band model and confirmed by various experiments
on rapidly-quenched samples. The variation with temperature
I of the electrical resistivity  of alloy films still
amorphous at room temperature has been studied in detail
over a large temperature range (from 10 to 300 K) and the
existence of a broad maximum in ¢ (T) is clearly shown. The
results are compared to existing theories.

PH15 ON THE NATURE OF BONDING IN LIQUID SEMICONDUCTOR
CaySb AND SOME OTHER ALKALI ANTIMONIDES. K. Niizeki and H,
Tanaks, Tohoku University, Sendai 980 Jupan and K. Shindo,
Ivate University Morioka 020 Japan

Cs3Sb and some other alkali antimonides are semiconductors
in both the solid and liquid states and there are several
evidences indicating that the mechanism of bonding in these
compounds remains unchanged on melting. However, there has
been a controversy about the nature of the bonding. It is
concluded from a measurement of the XPS spectra of Cs;Sb in
solid state that the bonding is predominantly ionic, while
an N.M.R. study and a magnetic susceptibility study empha-
sised covalency.

In order to resolve the apparent conflict, we have under-
taken a band structure calculation of the compounds in solid
states by means of the self-consistent pseudopotential calcu-
lation. The calculated charge densities of the valence elec-
trons are found to be distributed almost spherically arround
Sb atoms, indicating that the bonding is predominantly ionic,
but it is observed also that the charge penetrates weakly in
anionic sphere being centred on an alkali site. However, no
pile up of the charge 1s found between neighbouring Sb and
alkali atoms. Thus, we can conclude that the bonding is
principally ionic but a 'non-directional covalent bonding'
admixtures slightly in it. Our calculation clearly excludes
the possibility of a directional covalent bonding which has
been advocated by several authors.

PH16 THE RELATIVISTIC KKR-EMA DENSITIES OF STATES OF
LIQUID HEA'Y POLWALENT METALS.

A.Nishikawa and K.Niizeki

Department of Physics, Tohoku University,Sendai 980,Japan

The resistivities and sane other electronic properties
of the liquid states of heavy polyvalent metals (T1,Pb,Bi)
have been analyzed by means of the nearly free electron
model, probably because their conduction electrons are
originated fram atamnic s and p electrons. Several authors
calculated their electronic densities of states by means of
the second order perturbation theory and obtained results
which are not so different fram those in the free electron
model. However,the Hall coefficients of these liquid metals
have been known to be appreciably different fram the
free-electron values. Moreover,it was shown recently by the
measurement of the UPS that their band structures are very
different from those in the free electron model. The
deviation may be ascribed to the streng attractive force on
s electrons (6s-like) due to the relativistic mass
enhancement in the neighbourhood of nuclei. In order to
confim it,we have undertaken the calculation of the
densities of states by means of the relativistic version of
the KKR-EMA. The result of a preliminary calculation based
on the phase shift of an attractive short-range model
potential is shown in the figure. We are now carring out a
more realistic calculation.
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“w PH17 ON THE STABILITY OF AN AMORPHOUS HUME-
ROTHARY-PHASE.

H.-J. Nowak, Physikalisches Institut der
Universitdt Karlsruhe, D-7500 Karlsruhe, FRG.

The stability of amorphous metallic glasses of
the type noble metal-polyvalent element seems
to be goverted by the valence electrons of the
system and not by chemical bonding effects /1/.
Following ideas used for crystalline Hume-
Rothary-Phases, we calculate with pseudopoten-
tial formalism effective pairpotentials of the

type AuxSn assuming a statistical distribu~

1-x’
tion of the constituents.

Comparison with measured pair-distribution
functions /2/ show a remarcable close matching
between the minima in the pairpotential and the
maxima in the pair-distribution function at an
electron concentration of Z = 1.8 electron/atom.

1. P. H8uBler and F. Baumann: Physica 108 B
(1981) 909-910.
2. H. Leitz: Z. Phys. B 40 (1980) 65-70.

PHT8 MAGNETIC PROPERTY OF TRANSITION METAL SOLUTES IN
LIQUID In, Sn, Sb, Te and Se-Te ALLOY SOLVENTS. S. Ohno
Niigata College of Pharmacy, 5829 Kamishin'ei-cho, Niigata,
JAPAN.

We have made careful measurements of the susceptibilities
of V, Cr, Mn, Fe, Co and Ni solutes in liquid In, Sn, Sb, Te
and Se-Te alloy solvents. The additional susceptibilities
of these transition metal (TM) solutes decrease with increas-
ing the vslence electron number of solvent metals. Those
of Mn, Fe, Co and Ni exhibit each minimum at liquid Sb
solvent and re~id increase in going from liquid Sb to liquid
Te and Se-Te . 1.y solvents, while those of Cr and V exhibit
slight decreas: in going from liquid Sb to liquid Te. That
is, 8xg(Cr) > Wq{Fe) and Axg(V) > Axq(Co) in liquid In, Sn
and Sb metal soisents and the experimental results in liquid
Te and Se-Te alloy solvents are contrary to these relation-
ship in liquid metal solvents.

We discuss the additional susceptibilities with the change
of solvents. On the basis of Anderson model, the additional
susceptibilitg of non-megnetic state is given by,

_ up’pa(EF)

Xa T TT(U +53) pa(EFI/10 )
where U + LJ is the effective intra-atomic Coulomb inter-
action aud pg{Ep) is the density of states of TM solutes at
the Fermi level as follows,

_ 10 _ 10 2,784
ealBr) = - o ET A& om (T @
where Ng is the number of localized 3d-electrons. These
parameters Nq, A and U + LJ are estimated using eq.(1) from
the experimental values of V, Co and Ni solutes. According

to this approach, the additional susceptibilities for liquid
metal solvents mainly depend on the change of 8 which
relates to the density of states of solvent metals. More-
over, the changing trend of additional susceptibilities in
going from liquid Sb to liquid Te solvent is explained from
the decreasing of N4 and the increasing of (U + LI)/A. The
additional susceptibilities of Cr, Mn and Fe solutes are
expressed by Curie-Weiss low and can be fitted by choosing
the suitable parameters.

PH19 D-C ELECTRICAL RESISTIVITY 1IN THE
AMORPHOUS-CRYSTALLINE TRANSITION OF Cu O—Zr 0
ALLOY SYSTEM. M. A. Otooni, Metallic Materialc
Branch, Materials and Manufacturing Technology
Division, Fire Control and Small Caliber Weapon
Systems Laboratory, US Army Armament Research
and Development Command, Dover, NJ 07801.

Rapidly solidified copper - 40O at %
zirconium, prepared by melt-quenching tech-
niques, have been examined through D-C electrical
resistivity response analysis, as a function of
isothermal annealing. Associative technigues of
differential scanning calorimetry, high resolu-
tion transmission microscopy, and high energy
electron diffraction microscopy are employed to
assess the onset of crystallization and attend-
ant microstructural evolution. Low temperature
resistivity measurements of isothermally annealed
specimens reveal an abrupt increase in the D-C
resistivity values followel by more moderate
increase in the resistivity with increasing
annealing times and temperatures. The
resistivity record is void of any discontinuity
suggesting absence of plausible stages in the
crystallization procedures. The electron micro-
scopic examinations of the amorphous specimens,
however, indicate that crystallization event
progresses through several stages. This lack of
correlation is Interpreteble when viewed from
point of the insensitivity of the electrical
response of the locallized perturbations of near
atomic size dimensions occuring at the onset of
each stage of the crystallization.
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POSTER SESSION PI: SURFACES AND HYDRIDES

Pl THERMODYNAMICS OF HYDROGEN ABSORPTION

IN AMORPHOUS Zr Ni ALLOYS
K Aoki, M.Kamachi and T Masumoto, The Research In-
stitute f»r Iron, Steel and Other Metals, Tohoku
University, Sendai 980, Japan

The pressure-composition-temperature(PCT) rela-
tionships are presented for amorphous and crystal-
line Zr-Ni alloys in the range of 373 to 573K.

The hydrogen absorbed in the amorphous alloys forms
solid solution. The hydrogen absorption in the amor-
phous alloys obeys Sieverts' law in the range of
low hydrogen concentration and deviates positively
from the law with increasing hydrogen content.

The hydrogen absorbed in the crystalline alloys
forms the metal hydrides.

_ Partial molar thermodynamic parameters, AR and
A%, obtained from PCT, for the absorption of hydro-
gen in the amorphous alloys take minimum values.
For instance, for the Zr5oNi50, Al and AS decrease
to minima at 0.4 H/M, and their values are 36(KJ/
mol H) and 57(J/K-mol H), respectively as seen in
Fig. 1. For the crystalline ZrggNisp, both AH and
AS decrease monotonously with hygrogen content and
get to a constant level. The characteristic varia-
r . T —— tion of AH and

[ AS with hydro-
gen content in
the amorphous
alloys corre-
spond to the
change in the
local environ-
ment around hy-
drogen atoms.
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Fig.l Variations in the relative partial molar
enthalpy and entropy for the Zr-Ni-H.
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PI3 HYDROGEN IN AMORPHOROUS MAGNETIC RE-TM
ALLOYS: A NEW APPROACH

D.Ww. Forester, P. Lubitz, J.H. Schelleng, and
C. Vittoria, Naval Research Laboratory, Washington,
DC 20375

Wwe have developed a synthesis procedure which
allows rapid rate absorption and subsequent stor-
age of hydrogen in amorphous rare earth-transition
metal (RE-TM) alloys. The procedure employs
electron beam thin film deposition of the RE-TM
alloy films with appropriate overcoating. Surface
activation energy is virtually eliminated and
hydrogen readily enters the composite at ambient
temperature and at pressures < 1 micro-meter Hg.
Measured H/RE atomic ratios vary from 2 to 6
depending on composition. The magnetic properties
are altered dramatically especially with respect
to the Curie and compensation temperatures. Data
will be presented for representative alloy systems
including Gd_Ffe axt Potential applications will
also be discdsséd.

Pl2 EXPERIMENTAL STUDY OF DENSITY PROFILE IN THE
LIQUID-VAPOR INTERFACE OF MERCURY AND GALLIUM

L. Bosio, R. Cortés, A. Defrain and ¥ Oumezine, G.R.4 du

CNRS, Tour 22, &4 Place Jussieu, 752 IS CEDEX 05, France.

While the bulk isotropic fluids have been intensively
studied, i.e. the structure of most of the liquid metals is
now relatively well-known, the interfacial region between
liquid and vapor (or gas) still remains an open subject both
for theoretical approaches and for experimental determinations
£1). Except the results from computer simulation, little is
known about the density profile in the surface zone and there
is scarcely any experimental information on the structure of
the interface [2].

Taking advantage of the fact that at X-ray frequencies
the refractive index of condensed matter is less than unity,
it is possible to obtain reflection from surface if the gra-
zing angles do not exceed onc order of magnitude of some
critical angle, typically equal to 10 mrad. By comparing the
X-ray reflectivity as a function of angle to the one calcula-
ted using various density profile models it is possible to
conclude about the validity of the models. Since the pioneer-
work of Steps [3] the method has been improved and success=
fully developped by S. Rice and his group [4]. Using a similar
technique we have determined within 0-80 mrad the angular
dependence of the Cr-Kg-radiation reflection of liquid
mercury in the temperature range 270 to 310 K. kExperiments
have also been performed on liquid gallium at 323 K. Subdivi-
ding the tramsition region into a subset of elemental strata,
the thickness of the interphase zone has been calculated.

[1] C.A. Croxton, "Statistical Mechanics of Liquid Surface",
Wiley, Chichester (1980)

[2] J.S. Rowlinson and B. Widom, '"Molecular Theory of
Capillarity”, Clarendon Press, Oxford (1982).

[3] H. Steps, Ann. der Phys. (1933), 16, 949.
[4] D. Sluis et a.., J. Chem. Phys. (1983), 78, 1611.

P14 MONTE CARLO SIMUIATIONS OF THE LIQUID-VAPOR INTERFACE
OF SODIUM-CESIUM ALLOYS. J.Gryke and S.A.Rice, Department

of Chemistry and The James Franck Institute,The University

of Chicago, Chicago, I11 60637 USA

Using an effective hamiltonian derived from a pseudopo-
tential theory we have carried out Monte Carlo simulation of
the liquid- vapor interface of sodium-cesium alloys. In the
framework of this effective hamiltonian the total energy of
the metal is the sum of a so called structure independent
energy and an ion-ion interaction. The ion-ion interaction
potential and structure independent energy are calculated
using an energy independent pseudopotential. This pseudopo-
tential gives satisfactory results for the total energy of
sodium and cesium and also for the pair correlation function
of sodium-cesium alloys. In our calculations ions in th=
surface layer where the average electron density is less
than the density of the critical point are considered 'va-
porized". The interaction of such vaporized atoms with the
metal surface is described by a modified van der Waals po-
tential.

The results of our simulations show that ion density os-
cillations extend from the surface into bulk of the alloy
for several atomic layers. The oscillations of the total iom
density, in the case of sodium-cesium alloys, are similar to
those observed in pure metals. Hcwever, the atomic composi-
tion of the surface layer of the alloy is different from the
composition of the bulk metal. We have found that the con-
centration of cesium in the surface layer is significantly
higher than in the bulk. This surface segregation is as-
cribed to the large difference between the ionic radii of
sodium and cesium.
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PIS THEORY OF SURFACE PROPERTIES OF LIQUID METALS.
M. Hasegawa and M. Watabe, Faculty of Integrated Arts and
Sciences, Hiroshima University, Hiroshima 730 Japan

A new formulation for the liquid metal surface is presented.
Liquid metals may be considered as a collection of coduction
electrons and classical ions, and the total Hamiltonian can be
rearranged into a form which consists of the electron gas (or
jellium) term, one component classical plasma (OCP) term, and
the 1nteraction between them. Inhomogeneous electron gas with
a planer surface is taken as the unperturbed system and the
electronic state is calculated up to second order in the
electron ion pseudopotential. By this procedure screening
effect 1s included, which plays an important role in determin-
1ng surface properties. The problem then reduces to that of a
classical system interacting via position-dependent two-body
potential. To solve the energetics of this system we employ
the variational method using an inhomogeneocus OCP as the
reference system. The gradient expansion is used to treat both
the electron gas and OCP.

We find that the surface tension of liquid alkali metals can
be reproduced by this method with the use of the local density
approximation for the screening function and the bulk structure
factor in the surface region. But the surface profile is too
steep and unrealistic. Consistent treatments of the gradient
expansion of the OCP and its structure factor in the surface
region are found to be essential in determining the surface
profile in the present approach. This problem will be examined
extensively. Comparisons also will be made with the previous
calculations in which the hard-sphere reference system was used
instead of the OCP.

References

R. Evans and M. Hasegawa, J. Phys. C : Solid St. Phys. 14
5225 (1981)

M. Hasegawa and M. Watabe, J. Phys. C : Solid St. Phys. 15
353 (1982)

P16 DISTRIBUTION OF ACTIVATION ENERGIES IN ZrZPde. L. E.

Hazelton, California Institute of Technology, Pasadena, CA
91125 USA

Internal friction measurements using the vibrating-reed
method have been made on melt-spun ribbons of ZrZPd, anneated

or hydrogenated in the gas at 200 C As hydrogen was addel a

peak grew and shifted to lower temperatures with increasing

X The peak is broader than a single Debye peak, particularly
on the low-temperature side where there is a long tail., Evi-

dence will be presented that this is due to a distribution of

activation energies for hopping, lying below about 0.5 eV

The relaxation spectrum calculated by deconvoluting the inter-
nal friction data at different values of X will be presented,

with comments on the shape of the spectrum.
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P17 HYDROGEN IN Ni-Zr-B METALLIC GLASEES

U'. K&ster and H.-W. Schroeder, Dent, CTher, Lna.,
University Dertmund, D-4600 Dor+mund, ¥, R,Germar-

With increasina hboren content Ni-Zr-¥ metallls alasses ma ore
hibit a phase transformaticn (1) or a mare continucue srarei-
tion from the srructure ~f an irrtertransitirr maral al '

that of a metal-metalloid-glass. Mi-Vr classee are kr: Y
a large solubility ~f hvdroger, whercas poet metil-per (1114
qlasses have bheen found to salve ~nl' pinor amounts (7)., Su-t
structural changes should influence hvdrnaer sclubility eciara-
ficantly,

Ni-Zr-R glasses were preparnd Fv melt spinring under o reliurs
atmusphere of 200 mbar He., Cathodic hvdroger rharding was e
ir 1 N H.SO,-scluticn with addition f Na HAs™  (dme/1) as a
current dersity i=50C A/m2, ‘lvdrogen concentratiens have keen

estimated usinag a microbalance with ar accuracv ~f luc ~r ar
electrochemical permeatinn technique.

With increasirg boron content a significant decrease 1n hvdro-
gen sclucility have heen observed for a number of Mi-Zr alas-
ses. Hydrogen solubility depends strorgly on the amount of
relaxation of the metallic «lass. Therefcre, the influence of
relaxation was studied systematicallv tc ensure, that not only
differences in guenched-in excess free volume are responsible
for the observed differences in hvdrogen solubiliev,

Our results will be discussed in comparison with structural
models and electronic structure data of other authors. Such a
decrease in hydroger solubility with increasing boror content
may be considered to be due to a phase separation into the twe
different glass structures or due to an increasing electron
transfer from the boron atoms. Additional investigations on
ductility versus hydroger content bv bending tests and fracto-
graphv indicate that hydrogen as well as boron reduces the
cohesicn between irteratomic bonds, thus civing mere evidence
for a model assuminc an increasing electron transfer.,

(1) W.1. Johnsor, A.Y.I.. Mak, private commurnication
(2} A.J, Maelard, "Hydroaern Ahsnrption in Metrallic Glasses",
in: Metal Yivdrides, Plenum Press 1981, p.177ff.

PI8 EFFECTS OF ELEMENTAL ADDITIONS AND
SUPERHEAT ON MELT SURFACE TENSION AND METALLIC
GLASS EMBRITTLEMENT. H.H. Liebermann, Metglas
Products - An Allied Company, 6 Eastmans Rd.,
Parsippany, NJ 07054 USA

Alloys such as Fe8].5314.55i4' FeAONiAOBZO’

NiBl.SBIA.S 4 are known to form
metallic glasses on rapid quenching from the melt.
The elements Sb, Se and Te are strongly surface
active in molten iron. Additions of these and some
other elements to the base allovs cited have been
investigated with regard to effects on melt surface
tension and resultant metallic glass formation and
characteristics. Surface tension of the molten
alloys has been measured as a function of
composition and temperature using a variation of
the maximum bubble pressure method.
The density of molten Fe, \Ni, B,  allov has been

measured as a function of temperature. Attempts to
chill block melt-spin the allovs of the present
investigation 1{into metallic glass ribbons were
largely successful. A few _Ccompositions were
partially crystalline in the as-cast state and even
fewer were not at all castable. The amorphous
structure of ribbons made was assessed by
transmission Laue X-ray diffraction. Differential
scanning calorimetry and embrittlement temperatures
for one hour anneals have been used to provide

and

additional characterization. A correlation has
been established between changes in melt surface
tension and metallic glace embritticment

temperature with the addition of surface active
elements.,
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P19 SURFACE MODES IN SPIN WAVE RESONANCE
IN 14IN AMORPKFOUS FILMS

L. J, Maksymowicz, D, Sendorek
Acadeniy of Mining and Metallurgy, Departn ent of Solid
State Fhysics, 30-C59 Krakdéw, al Mickiewicza 30

Surface modes in spin wave rescrance in thir.
amorphous filmes of GdCoMo allcys were studied. The
samples were obtaired with RF sputtering technique and
a kias volte ge was applied. Technical corditior.s werc
cerefully predetermired for which surface modes were
excited in the resonarce experiment. One surface nmode
vvas present for samples just after deposition and two
modes could be oLsermed in some cases for the same
samples kept at room temperature for twe or thrce monthe,

The obsem ed swrface modes werc descril.ed viithin
the Surface Inhomoceneity (=I) model with. synmetrical or
ron -~ symmetrical bourdary conditions for one or two
surface modes, respectively, The experimental data on
the positicn of the surface modes and the first volume
mode against th:e orientation of the cxternal field deternire
surface anisotropy constent W2, The fitted values K
agrec with theoretically predicted ones and they are glsco
compatible with numbers found by experimentaliste for
n or.ocrystalline, yolycrystalline or ariorphous films,
Temperature dependence of K- was also studied.

For all saniples we determined the critical angles
@c's Letvween the exterral magnetic field and the norn al
to the film plane fcr which the position of tre surface
mode coincides with the position of the first volume
mode. The correspording critical angles '\Ac‘s for the
macnetizatior. differ from T /1 whick suggest the
presence of surface inhomogeneities of the magnetizatior.
distribution. :

P110 DIFFUSION OF HYDROGEN IN SOME AMORPHOUS ALLOYS

Y. Sakamoto and K. Baba, Department of Materials Science and
Engineering, Nagasaki University, Nagasaki 852, Japan

The hydrogen diffusivities in Pd-Si base amorphous allovs
of (Pd0.9X0.1)825118 (X=Ag, Cu, Ni, Fe, Cr) and Fe base amor-
phous alloys of Feg)B13, 5Si3,5C2 and Fe7gB13Sig were measured
in the vicinity of room temperature by an electrochemical per-
meation method.

The specimens were 30~ 35 um thick .ad they were elec-
trolytically charged with hydroeen in 160 mol a3 HpS04 +
2.5x10°3 kg m-3 H2Se03 solution, and for permeation measurement
through Fe base alloys in 30 molm=3 Hy804 + 2.0x 102 kg m=3 H»
Se03 solution at various current densities of ic=5~250Am~ <
and a 0.1 kmolm~3 NaOH solution on the diffusion side wasused.
The diffusivity (D) and coucentration of hydrogen beneath thLe
cathodic surface were determined from the build-up transient by
the relation of log (tl/2 Jt) vs. 1/t , which is the first term
approximation of diffusion equation derived under the bounda-
ry condition of constant hydrogen concentration beneath the
cathodic surface.

The diffusivity in all the specimens increased more or
less witl. increasing cathodic current density, i.e., with hy-
drogen concentration. The hydrogen concentration dependence
of diffusivity was qualitatively explained by the thermodyna-
mic factor based on the chemical potential gradient of hydro-
gen for the driving force of diffusion. Thediffusivity values
at 301 K in 2d-S{ base alloys were D=8.5x 10-13 ~ 1.4x10-12
m2s-1 at ic =100 Am~2, nearly not depending cn the alloying
composition. These values exhibited a decrease of about 1~ 2
orders of magnitude, compared with that in crystalline purePd.
The activation energies for diffusion in Pd-Si base alloys
were about AHp= 16~ 21 kJmol-1. The diffusivity value in
Feg1B13,55i3,9C2 alloy at 301 K was D=1.2x 10-14 m2s-1 and
the value in FeygB13Sig alloy was D=2.5x 10-15 m2s-1 at 1. =
100 Am~2 and these values were smaller about 5 orders of mag-
nitude than that in annealed crystalline iron. The activation
energiels for diffusion in both Fe base alloys were AHp=32-~3%
kImol~ 1.

Tre v d T TR TR TR TR TR e TR TR TR TR T TR RS TN T Ta e e e

PINM ELECTROCHEMICAL CHARACTERIZATION OF

AMORPHOUS AND MICROCRYSTALLINE METALS

R.G. Walmeley, Y.S. Lee, A.F. Marshal! and D.A. Stevenson,
Stanford Univeraity, Stanford, CA 94305 USA

A study of the relation between the preparation, the
microstructure and the corrosion behavior of Cu-Zr and
Cu-Ti amorphous and microcrystalline alloys is reported,
with particular reference to differences between the
amorphous and the stable crystalline forms of these
alloys. The passive curreant density upon potentiodynamic
anodic polarization was used as a criterion for corrosion
tendency.

Samples were prepared by planar magnetron sputter
deposition using a phase spread and a rotating substrate
method and were characterized using x-ray diffraction (XRD)
electron microprobe analysis, differential scanning
calorimetry (DSC), transmission electron microscopy (TEM)
and a small area potentiodynamic anodic polarization cell.

Significantly lower passive current densities were
observed for the amorphous or microcrystalline state
(compared with the crystallized alloys) in both alloy
systems for compositions < 20 at% Zr or Ti in Cu. For
higher concentrations, however, there is little difference
between the crystallized and the amorphous state, for the
amorphous samples prepared by the rotating substrate
deposition mode. This behavior was explained by the
presence of an active Cu rich phase at the lower
concentrations for the crystallized alloys,as predicted
from the equilibrium phase diagram and confirmed by TEM.
For Cu-Zr samples, in the range of 30-65 at% 2r in Cu
prepared by the phase spread technique, however,
significantly higher passive current densities were
observed. A proposed explanation for this unexpected
behavior is the development of amorphous-—
amorphous phase separation for the phase spread samples.
Confirming evidence for this proposal is provided by XRD,
DSC and TEM.

PI1Z THE SURFACE COMPOSITION OF LIQUID Fe-Mn AND Fe-S
SYSTEMS, Jingtang Wang, Maoshu Bian, Luming Ma, Institute of
Metal Research Academic Sinica.

The effect of sulfur and manganese on the surface tension
of 1liquid 1iron was measured by the sessile drop method,and
further their adsorption values at iron surface were calculated
by Gibbs equation. In order to compare the calculated adsorp-
tion values with certain directly measured values and to
further investigate the distribution f surfaceactive elements
in different depth from the surface, the surface composition of
binary systems (Fe-=S and Fe-Mn) was analyzed layer by layer by
Auger Electron Spectroscopy (AES) and/or glowing analysis tech-
nique. The experimental samples wereprepared in high purity Ar
atmosphere and maintained a bit above melting point for a
period of time, in order to approach thermodynamic balance, and
then rapidly solidified. After that, the samples were analyzed
layer by layer, A low manganese concentration range is
observed on the curve of manganese distribution, and a low sul-
fur concentration range on the curve of sulfvr distribution,

In is observed that the segregation coefficient of high
surface- active element sulfur is larger than that of the ele-
ment Mn about two orders of magnitude. These results show some
analogy to that obtained from the study of surface tension for
the binary systems (Fe-S and Fe-Mn).
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POSTER SESSION PJ: MODELING

P ISOTROPIC VARIATION IN s = OF THE SMALL ANGLE
SCATTERING OBTAINED FROM A DENSITY MODEL BASED ON A RANDOM
SPACE FUNCTION (POINT‘GEOMETRY)-APPLICATION TO o = 3.

B. Boucher, P. Chieux , P. Convert', M. Tournarie ; DPh.G-SRM
CEN-Saclay, 91191 Gif-sur-Yvette Cedex, France ; *ILL, 156X
38042 Grenoble, France.

We calculate the scattering from a system of parallel
planes with random separations. The density h(x) (electronic,
nuclear or magnetic) is taken to vary as a function of x the
distance from the planes. The particular variation would
depend on the sample and is taken to be the same for all the
planes. We assume that there are N families of planes (N is
large) whose directions are randomly oriented. We show that
the scattering along a direction in reciprocal space is :
I(s) = N 3vv|H(s)¢/(27s?) where 3 is the probability of cros-
sing | plane per unit length, Nv is the exposed volume of the
sample, V is the reciprocal space volume examined by the spec-
trometer, H(s) is the linear Fourier transform of the density
h(x). If 'h(x)| varies as 1//Tx[, then |H(s)| varies as 1/V|s!
and I(s) varies as s~7. This relation is isotropic and holds
for all (except very large values) of s. In this model no limi-
ting hypothesis is made a) concerning the distribution of
orientations of the planesand it remains valid if the family
of planes are either superimposed or juxtaposed ; b) concerning

the nature of the sample (crystalline/amorphous) although a ran-

dom distribution of separation between planes is more relevant
to amorphous systems.

We discuss the limits and applicability of the model which
accounts for the experimentally observed variation in s=3(1,2).
This result complements those of a previous model (3) where
h(x) was related to a spherical shell. This suggests that the
same result could be obtained if the surface was not taken to
be a regular plane or sphere.

(1) B. BOI'CHFR, J. de Phys. C8 (1980) 135

(2) E. NOLD, S. STEEB, P. LAMPARTER, G. RAINER-HARBAC! de
Phys. C8 (1980) 186.

(3) B. BOUCHER, P. CHIEUX, P. CONVERT, M. TOURNARIE, ,. of
Physics F. (in press).

PJ2 SPECTRUM OF ELECTRIC FIELD-GRADIENT FLUCTUA-~
TIONS IN LIQUID RUBIDIUM. J. Bosse and C. Wetzel,
Freie Universitdt Berlin, Berlin (West), Germany

Mode-coupling theory results of the spectral
function of electric field-gradient (Efg) correla-
tions in the liquid metal rubidium are presented.
The small-frequency behavior of the calculated quan-
tity determines the quadrupolar contributions to
NMR-linewidths. We used the Price,Singwi,Tosi pair-
potential and an Efg-potential which takes account
of r-dependent Sternheimer antishielding effects.

The theoretical results are compared with compu-
ter simulation results using the same potential
functions. The comparison shows that our mode-coup=-
ling approximation presents a reliable tool for the
calculation of Efg-correlationr times, the knowledge
of which is essential for the interpretation of NMR-
relaxation data in liquid metals.

PJ3 DISORDER STRUCTURE OF MOLTEN MONATOMIC METALS, SEMI-
METALS AND SEMICONDUCTORS

M.Davidovi¢, M.Stoji¢ and Dj.Jovié, Boris Kidri¢ Institute of
Nuclear Sciences, Vinca, Belgrade, Yugoslavia

In the last twentv years the static properties of liquid
metals, semimetals and semiconductors in molten state are
mainly studied experimentally and numerically without exten-
sive modelling of the structure. From numerous neutron or
X-tay data it is obvious that the liquid phase shows much
mere structure irregularity than the solid state. Recently
we proposed the model1+2 of disordered structure of liquid
through a certain atomic state degeneracy which apears around
single vacancies in order to explain the experimentally obser-
ved double structure of S(q). A cuantitative proof of the
existence of irregular structure located in the vicinity of
a single vacancy is a main goal of this work. Namely, around
the vacancy an additional structure exists in which the mean
interatomic distance <r’> is smaller compared to the distance
r in the regular liquid structure. From neutron diffraction
data the irregularity of S(q) is more pronounced in semicon-
ductors and semimetals than in simple monatomic liquid metals.
Such a real liguid structure consisting of two substructures,
characterised by interatomic distances r and r”, is expected
to manifest physical properties such as electrical conducti-
vity, visocosity, selfdiffusion etc. The inclusion of mean
values <r> and <r"> in the existing models defining the above
quantities should give better agreement between theoretical
and experimental results.

References

1. M.Davidovi¢, M.Stoji¢ and Dj.Jovic¢, J.Phys.C. 000,000(1983).
2. M.Davidovi¢, M.3toji¢ and Dj.Jovi¢, to be published.

PJ4 COLLECTIVE EXCITATIONS IN METALLIC GLASSES

J.Hafner, Institut fiir Theoretische Physik, Technische Univer-
sitidt, A 1040 Wien, Austria and Laboratoire de Themodynamique
et Physico-Chimie Métallurgiques, E.N.S.E.E.G., F 38402 Saint
Martin d'Héres, France

The results of ab-initio calculations of the normal modes
of vibration of amorphous alloys of normal metals are presen-
ted. The computations are based on pseudopotential-derived
interatomic forces, a novel variant of the cluster-relaxation
technique for the detemmination of the static equilibrium
density and structure, and on the recursion technique for the
calculation of the vibrational spectra. For both longitudinal
and transverse vibrations the dispersion relations of two
distinct modes - corresponding to the acoustic and optic
modes of a two-component c¢rystal - could be determined. At
very long wavelength these modes correspond to collective
density and concentration fluctuations, at shorter wavelength
they can be identified with the incoherent vibrations of the
two atomic species. For longitudinal excitations the result
can be compared with recent neutron inelastic scattering ex-
periments and good agreement is found.

The influence of variations of the local structural para-
meters and of the external pressure on the vibrational spec-
trum has been investigated.
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PJS STRUCTURE OF MULTI-COMPONENT HARD-SPHERE MIXTURES
--- APPLICATION TO THE LIQUID Li-Pb ALLOY

kozo Hoshino, Faculty of Engineering, Niigata University,
Niigata 950-21, Japan

A general formula for the partial structure factors of
an m-component mixture is derived. The compressibility of
the mixture obtained by Kirkwood and Buff(]) can be written
in terms of the partial structure factors in the long-wave-
length timit.

For the m-component hard-sphere system, the explicit
expressions for the partial structure factors are obtained
based on the exact solution of the Ornstein-Zernike equation
due to Hiroike(2). The total structure factor, which can be
obtained experimentally by the neutrons, the X-rays and the
electrons diffraction, can be expressed by the partial
structure factors.

The formulae are applied to the Tiquid Li-Pb alloy.
Following Hoshino and Young(3) we consider the liquid Li-Pb
alloy as a ternary mixture of Li, Pb and Li,Pb and approxi-
mate these by the hard spheres with differeﬂt diameters.

The total structure factor is calculated for the ternary
hard-sphere mixture based on the coherent neutron scattering
intensity formulated by dhatia and Ratti(4). It is shown

that the theoretical total structure factor can reproduce

the characteristic features of the recent neutron diffraction
data due to Ruppersberg and Reiter(5).

(1) %irkwood J G and Buff F P 1951 J.Chem.Phys. 19774
(2) Hiroike K 1969 J.Phys.Soc.Jpn. 27 1415

(3) Hoshino * and Young W H 1980 J.Phys.F 10 1365

(4) Bhatia A B and Ratti V K 1976 J.Phys. F 6 927

(5) Ruppersberg H and Reiter H 1982 J.Phys.F 12 13N

PJb THE DISCLINATION MODEL OF NON-HOMOGENEOUS DEFORMATION
IN AMORPHOUS ALLOYS, Gui Jianin and Wang Zixiao, Department of
Physics, Wuhan University, Wuhan, China.

A disclination model, containing partial discl nation
rings, which 1s based on the amorphous alloy struc .re of
close-packed polyhedral microclusters proposed by Hoare, is
proposed to explain the non- homogeneous deformation and loeal..
ized strain harding observed on amorphous alloys.

The approximate strain energy density of the model is
estimated, As the shear modulus of amorphous alloy i{s lower,
and the characteristic vector w and radius R for partial dis-
clination rings may be very small, the energetic feasibility of
the model is demonstrated.

The function of disclination as sources and sinks for
dislocations during deformation is discussed. Under the action
of applied stress, the plastic flow initiates at stress concen-
tration by the displacement of disclinations and the emission
and absorption of dislocation by them,

It ts suggested that in amorphous alloys, in a 3ense,
dislocation may be a kind of instantaneous strunture defect,
which exists only in the period of motion, as suggested by Pam-
pillo.

The multiplication of disclinations and the interaction
between the disclinations, and disclinations and dislocations
may be the ~auses of the localized strain harding.
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pJ7 NATURE OF AMORPHOUS AND LIQUID STRUCTURES —
COMPUTER SIMULATIONS AND STATISTICAL GEOMETRY

M.Kimura, Tokyo Institute of Technology, Tokyo 152 Japan and
F.Yonezawa, Keio University, Yokohama 223 Japan

A purpose of our work is to study the nature of liquid and
amorphous structures by making the best use of computer simu-
lations.

Generally, materials in liquid and amorphous states are
known to contain topological disorder in atomic distributions.
However, the characterization of topologically-disordered
structure, important though it is, remains under-developed
because of its extreme difficulty. The experimentally mea-
surable structural properties are the structure factor S{q)
and its Fourier transform g(r). They are described in linear-
lized forms where the detailed three-dimensional information
is lost as a result of statistical averages. In particular,
S(g) and g(r) tell nothing about the intermediate-range struc-
tures which are believed to distinguish different kinds of
topological disorder. Therefore, it is highly significant to
exploit some methods of three-dimensional characterization of
these structures.

With this situation in mind, we have carried out:

1) Synthesis of various liguid and amorphous structures by
computer simulations. The advantage of computer-produced
model systems consists in that all molecular-level outputs
are available.

2) Characterization of topologically-disordered structures in
these model systems by means of the Voronoi-Delaunay analyses
and other methods of statistical geometry. We have introdu-
ced several new ways of structure characterization.

3) Measurements of various physical properties of the model
systems and the identification of the relationships between
the atomic-level structures and the macroscopically observa-
ble physical properties.

We put emphasis on the discussions of: how glasses and li-
quids are characterized by the intermediate-range structures
(IRS), in what way the IRS is influenced by the interatomic
potentials and how far the IRS is reflected to the macrosco-
pic physical quantities.

Py8 TOPOLOGICAL AND CHEMICAL ORDERING IN A TWO-ATOMS
SIMULATED AMORPHOUS STRUCTURE.

F. Langon, L. Billard, A. Chamberod, Centre d'Etudes Nucléaires

de Grenoble, Département de Recherche Fondamentale Section de

Physique du Solide, 85 X, 38041, Grenoble Cedex, France.

As there is still some controversy about the nature of to-
pological and chemical ordering in soft sphere packings, we
have tried to analyze some aspects of this problem with an ap-
plication to PdgoSizo.

We have constructed a sample of prismatic units.We have re-
laxed it ,using three pair potentials associated with the three
types of pairs. We have been able to follow the progressive
destruction of prisms along che numerical relaxation process.

On the other hand, we have also relaxed another packing
with topological and chemical initial randomness. It appears
that the resulting relaxed sample has the s.me characteristics
as that starting with prismatic units, and we have thus no evi-
dence of local well defined geometric units in a relaxed sam-
ple.

Fuzthermore we propcse an analysis of the local structure ;
we fi-st define the so-called Voronoi pairs of nearst neigh-
bour:s. This gives a full decomposition of the random network
into tetrahedral units. Then, we distinguish between short and
long pairs, so that we can obtain polyheiral units made of te-
trahedra sharing long pairs. We give a description of the va-
riety of entities thus obtained.

Finally, in a relaxed sample of one-type atoms, we intro-
duce metalloids in the interstices of convenient size. Then
relaxing this binary packing, we show that metalloids keep this
metallic environment. However, this simple scheme breaks down
for a metalloid concentration above about «ix per cent : in
this case, a full reorganization ¢ccurs during relaxation.
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PJ9 A COMPUTER-SIMULATED STRUCTURAL MODEL FOR Fe By
L.J. Lewis and R. Harris, Department of Physics, “cG??l'
University, Montreal, Quebec, Canada H3A 2T8.

A computer-simulated model for the structure of the Fegok,
metallic glass is presented and discussed. As in our prebloﬁg
calculations (1), this model is based on the analogy between
local environments in crystalline and amorphous phases. The
structure is generated using a generalization of Bennett's
DRPHS algorithm and further relaxed by a conjugate-gradient
steepest-descent search. In addition, a rigorous control of
composition has now been implemented in the algorithm, which
results in a precise description of the structure.

Structural information from our model is compared with
recent measurements by Nold et al (2) of the partial
structure factors for this material. In particular, our
model gives a good account of the pair and number-con-
centratior structure factors and radial distribution
functions. Further, analysis of the model in terms of
coordination numbers and Warren parameters shows the material
to possess strong short-range order, in accord with experi-
mental data. Finally, comparison of the concentration
correlation structure factor with that of crystalline Fe.B
could provide some insight into the behavior of thermopower
in Fe-B glasses.

(1) R. Harris and L.J. Lewis, Phys. Rev. B25, 4997 (1982).
(2) E. Nold, P. Lamparter, H. Olbrich, G. Rainer-Harbach
and S. Steeb, Z. Naturforsch, 36a, 1032 (1981).

PJ10 A MODEL FOR THE KINETICS OF TSRO AND CSRO STRUCTURAL
RELAXATION IN METALLIC GLASSES: COMPARISON WITH EXPERIMENTAL
RESULTS. I.
Majewska-Glabus, B.J. Thijsse and S. Radelaar, Laboratory of
Metallurgy, Delft University of Technology, Rotterdamseweg
137, 2628 AL Delft, The Netherlands

Recently a model was developed for the simultaneous
description of topological and chemical structural relaxation
in metallic glasses (). We have extended this model by
introducing a spectrum of activation energies for the
reversible chemical part of the relaxation processes. Also
the influence of a free volume dependent activation energy
for topological relaxation was studied.

It will be demonstrated that the results of the present
model
a) agree well with experimentally ohserved DSC results, both

for as-quenched and for preannealed glasses,

b} permit a study of the influence of the quenching rate on
subsequent structural relaxation.

provide guidelines for the experimental separation of

CSRO and TSRO contributions to DSC behaviour.

Moreover, it will be shown that the effect of relaxation on
the electrical resistance, as measured for FerNiAOPléﬂb (2,
is also closely predicted by the model.

O

IV A, van den Beukel and S. Radelaar.
Acta Met, 31 (1983) 419,

2) M.E. Sonius, B.J. Thijsse and A. van den Beukel.
To appear in Scripta Met. (1983).

pIN GEOMETRICAL FEATURES OF DENSE RANDOM PACKED
STRUCTURE OF SPHERES. T. Ninomiya, Department of Physics,
University of Tokyo, Bunkyo-ku, Tokyo 113, JAPAN

Geometrical! features of the structure of amorphous metals
are investigated by regarding the structure as random packing
of tetrahedra (T) and octahedra (0) which have spheres at the
vertices. Sequential connection of T's and O's with a common
axis forms a planar ring cluster by allowing small elastic
distortion. The network showing connectivity of tetrahedra
and octahedra consists of the ring clusters. It is found
from examination of cells in the network that the existence
of noncrystalline rings introduces curvature of local space
and that one can draw lines threading through the noncrystal-
Tine rings in the same sense as that considered by Rivier for
the continuous random network model. In the TO network there
are two kinds of lines associated with different local cur-
vatures. The volume of the cell has negative correlation
with the coordination number, but has positive correlation
with the number of the faces of Voronoi polyhedra.

The lengths of the lines are determined by the deviation
of the ratio of the numbers of tetrahedra and octahedra from
the crystalline case and by the averaged curvature. It is
shown that the structure containing two sizes of atoms such
as metal-metalloid systems can be regarded as the structure
containing one size of atoms with non-zero averaged curvature.

PJ12 THERMAL PRESSURE COEFFICIENTS OF LIQUID ALKALI METALS.
S. Ono, Department of Applied Physics, National Defense Acad-
emy, Yokosuka 239, Japan (Tel: 0468-41-3810 ext 2209),

I. Yokoyama*, School of Mathematics and Physics, University
of East Anglia, Norwich, NR4 7TJ, UK, and T. Satoh, Depart-
ment of Mathematics and Physics, National Defense Academy,
Yokosuka 239, Japan.

The Percus-Yevick! phonon method is applied to liquid
alkali metals for predicting thermal pressure coefficients
using the analytic expression of the classical one-component
plasma structure factor a (k) developed by Chaturvedi

2=y : C . .
and coworkers . Satxsfac?ogy agreement with experimental
results is obtained, though this could be somewhat
fortuitous in the light of the inadequate description of
aocp(k) in the low k-region.

REFERENCES

1) J.K. Percus and G.J. Yevick, Phys. Rev., 110, 1 (1958)

2) D.K. Chaturvedi, G. Senatore and M.P. Tosi, Lett. N.
Cimento, 30, 47 (1981)

1} DK, Chaturvedi, M. Rovere, ©. Senatore and ‘LD, Tosi,
Physica 111B, 11 (1981)

4) D.K. Chaturvedi, G. Senatore and M.P. Tosi, M. Cimento,
62B, 375 (1981)
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PJ13 COUPLING OF TWO-LEVEL SYSLEYS WITH 9 Lr NUCLED IN
ZIRCONIUM-BASED AMORPHOUS ALLOYS, A. Ravex and J.C.
Lasjaunias, CNRS~-CRTBT, BP 166 X,38042 Grenoble Cédex,
France

We analyse the very low-temperature specific heat, in the
superconducting state, of a series of Zr-based amorphous
alloys with two distinct contributions : (i) the low-energy
excitations (TLS) characteristic of the amorphous state,
with a contribution CtLs = aT®,

-2 91 (ii) a quadrupolar
nuclear contribution CNT due to ~ Zr nuclei.

The cxperimental results point out a systematic correla-
tion between the amplitude of the TLS specific heat anomaly
and of the nuclear contribution ; this correlation is inde-
pendant either of the thermal history of samples (tempera-
tures of the sputtering deposition, thermal annealing below
the crystallization temperature) or of the nuclear spin of
the additional element (Cu, Ni, Ag, Pt). This suggests that
the relaxation of the nuclei, which can n> longer be ensured
in the superconducting state by means of electrons, is
restored by a new process via the TLS.

A simple description arguing that relaxation is induced
through the modulation of the electric field gradient at a
nuclear site by its nearest neighbour TLS, and thereafter
achieved by nuclear spin diffusion among Zr nuclei, takes
well in account the experimental data.

These results strongly support the existence of TLS at
the origin of the low-temperature specific heat excess.

PJ14  RADIATION-INDUCED GROWTH IN AMORPHOUS PdgpSing AND
Cu502r50 G. Schumacher, S. Klauminzer, S. Rentzsch, and
3. Vogl, Hahn-Meitner-Institut fiir Kernforschung and Freie
Universitat Berlin, D-1000 Berlin, Germany

About 30 samples of glassy PdggSipg and CusgZrgg were ir-
radiated at temperatures between 50 K and 500 K with high
energy {(up to 285 MeV) heavy ions (Ar, Kr). Special care was
taken to avoid implantation and to achieve a homogeneous dis-
tribution of radiation damage. Before and after the bombard-
ments the dimensions of the specimens were measured at room
temperature. For some selected samples the mass density was
determined by using a modified flotation method. Additionally,
the structure factor S(Q) was calculated from measured X-ray
data.

No clear changes in S(Q) appeared in the irradiated sam-
ples. While changes in mass density are smaller than the meas-
urement error of about 0.2 % drastic growth of the sample di-
mensions was observed during the irradiations. At a fluence
of 5.3.10™% Kr/cm2, corresponding to about 3-1072 displace-
ments per sample atom, increases in the sample dimensions per-
pendicular to the beam direction as large as 1¢ % were found
at irradiation temperatures below 100 K. No tendency to sat-
uration was seen at these high growth levels. This growth is
linear in fluence, highly anisotropic and depends strongly on
frojectile mass and irradiation temperature. There is clear
evidence that its anisotropy is determine by the paths of
the primary recoil atoms only and not by the structure of the
alioy. This is very different from what is known about radia-
tion-irduced growth in crystalline metals.

Presumably gruwth in metallic glasses is a collective
atomic phenomenon and common to all amorphous metals. This
would imply that urder certain (anisotropic) irradiation
conditions metallic glasses are very sensitive to radiation
damage and 10t as statle as commonly believed.

PJis

DISORDERED SYSTEMS: .ETERMINATION OF EFl: .'1iVE PAIR
POTENTIALS FROM EXPE.IMENTAL STRUCTURE DA:A

Wolfram Schommers, Kernforschungszentrun Karlsruhe,
Institut fiir Angewandte Kernphysik 1, P.O.B. 3640,
D-7500 Karlsruhe, Federal Republic of Germany

In this paper we have compared several methods
which connect the effective pair potential to the
pair correlation function. These methods are: a
self-consistent method using molecular dynamics,
the so-called modified STLS theory, the Weeks-
Chandler-Andersen approach, the Percus-Yevick theo-
ry, the hypernetted chain approximation and the
Born-Green equation. Since the pair potential is
in general very sensitive to small variations in
the pair correlation functions, we had to use
structure data with sufficient accuracy in the de-
termination of the pair potentials from the pair
correlation function. Narten performed measurements
on liquid gallium with high precision, and, there-
fore, all calculations given in this paper have been
performed on the basis on Narten's structure data.

The test of the methods could be done in a ri-
gorous way for the following reason: (i} there is no
free parameter in the relations between the pair
potential and the pair correlation function, and
(ii) we used molecular dynamics in our analysis.

It turned out that the self~-consistent method and
the Weeks-Chandler-Andersen approach lead to rea-
sonable results. The results for the pair potential
obtained from the other methods are ursatisfactory
and cannot be used in the determination of liquid
gallium properties.

PJ16° MOLECULAR DYNAMICS STUDY OF ATOMIC-LEVEL STRUCTURAL
PARAMETERS IN LIQUID AND AMORPHOUS METALS. V. Vitek, S. P.
Chen and T. Egami, Department of Materials Science and
Engineering, University of Pennsylvania, Philadelphia, PA.
19104, USA

Atomic level parameters characterizing the local struc-
tural fluctuations in amorphous metals, the hydrostatic
stcess, p, and the von Mises shear stress, ¢, have been
introduced previously. The structural relaxation was quan~-
titatively explained by considering annihilation of struc-
tural fluctuations corresponding to large positive and nega-
tive p, and the microscopic events involved in the plastic
deformation were correlated with regions of large 1. Fur-
thermore, it has been suggested that the glass transition may
be related to freezing of these structural fluctuations.

To investigate the local structural developments at
finite temperatures a molecular dynamics study has been
carried out for the block containing 867 identical particles
interacting via a modified Johnson's potential. The calcu-
lation started by first generating a liquid at a high tem-
perature and then gradually cooling the sample while keeping
the total volume fixed. The cooling process consisted of
gradually decreasing the average velocity of the particles
and equilibrating the sample at every step, until the desired
lover temperature has been achieved. The local structure
and its changes have been analyzed in terms of atomic level
stresses throughout this process. When the sample was cooled
to_the room temperature the average second moments, <p> and
<12>. reached constant values which were close to those
found in the previous static simulations. The dependences
of <p2) and <1“> on temperature show sharp changes of slope
at two different temperatures (1900K and 800K, respectively).
This supports the recent suggestion of two transition tem-
peratures, the lower being identified with the conventional
glass-tr:ésition and the upper with the shear glass~transi-
tion. The bond orientation order, recently observed by
Steinhardt et al., has also been found and its relationship
to the above transition temperature phenomena investigated
together with the corresponding topological changes.
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PIYi
RELAXATION IN AMORPHOUS SUPERCONDUCTING Moste,

FLUX-PINNING, DEFECTS,

and
Stanford,

FILMS. S. Yoshtizumi, W. L, Carter,
T. H. Geballe, Stanford University,
CA 94305 USA

An investigation to relate flux-pinning be-
havior in amorphous thin films of MogGe; to their
defects or inhomogeneities will be reported., The
films were synthesized at room temperature by
magnetron sputtering; their amorphous structure has
been confirmed by X-ray diffraction and TEM studies.
Two types of pianing mechanisms have been observed
for amorphous MogGej films; one dominates at low
magnetic field (h<0.1) and the other at high
magnetic field (h>0.1). Films were annealed under
purified Ar atmosphere at different temperatures
for different periods of time to study structural
relaxation. It has been observed that the pinning
force at high field is reduced by nucleating MogGe;
crystallites in the amorphous matrix, which is
coantrary to the echancement of the pinning force
observed in other amorphous systems when crystal-
lites are introduced. Flux-pinning behavior for
films with different thermal treatments will be
pregsented. Studies are being continued with films
synthesized at liquid nitrogen temperatures.

This work 1is supported by the Air Force Office
of Scientific Research Contract No. F49620-82~C0014.
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PiiONON THECRY OF LIQUIDS AND AMORPHOUS METALS:EXTERSION
JENERALIZED-DI SCRDER VIA STATIC SYNERGETICS.
Bdward Siepel,41% Seventh Avenue,San Francisco,CA.94118 US4

Jta.. S;,':Jr.,*eticsl,the time independent limit of Ha.ken'52

dyt.dnic,synergetics,is used to extend the phonon theory of
lxq;ids5and frozen liquid pnonon theory of glasses dichoto:
>usl, tosuniversal generalizcd-discrder:powd: rs,ferrofluids;
slus.es,suspensions,sels,sols,mixtures,blends, tnixotropic
liguids,,.jand to universal function properties:inderson loc-
alization,relaxation response,dielectric function and all
d.electric properties,A.C., and [,C.electrical conductivity,
1/f flicker noise(v l.zge and current’power spectrum,low
teaperature(homologuossY"two"-level sys.en anomalous thermal,
ACOLS iCyeespropertiesss o Th.5 confluence of the Brill uin-
Landau~Feynman-Morr: son-liubbard-Beety, ini-Young=-Okashima=
.. tsutara-Naka.ishi-darch-To>si-Siegel”generalized-disorder
¢ lleciive-iozon mode-softerang universality-principle(G..,.F)
2 c:lleciive effrrt over some fifty years)wiith Jonscher's
unaversel (dielec?ric,zbc“ slc.l,magnesic...)relaxation res-
ponse wiwn Ngal's'universal 1/f7£11cker noise power spectirum
v.a universal Wigner-Dyso.-Ngai'infra~red divergence,provides
a poverful,flexitle tool.Gtatic symereteécs is & _ypiversal,
riLh rige; .
t re;zires as input t:e external radiation inelastic diffes-
ential scaiiering cross-seciion{fequency averaged,integrated
or unresclved) S{k|,the familiar static structure factor.
Applicationis indicated tg the liquid metal aased ferrofluids
(dg...Fe,0,)0f Poppelwell and the Guntherodt liquid spin glass,
1i udd nétd) besed ferromagnet (AuCo). ..
1.B.Siegel,Electrochemicdl Soc.Meeting,San Francisco(1983)
2.H.Haken,Series in Synergetics,Springer-Verlag{1970's-3980's)
3,E.Siegel,d.,Phys.Chem, Liquids,4,4(1975);5,1(1976)
4.E.Siegel,Int'l.Conf.Latt.Dynan. ,Peris(1977) ;Statphys,taifa(77)
5.B.Siegel,J .Magnetic Fliids-to be pablished,;J .Noncryst.Sol.
40,453(1980) ;5. Takeno & M.@oda,Prog.Theo.Phys.48,5,1468(1972)
6.A.K.Jonscher,Physics of Dielectrics,I.0.P.58,22(1960)
7.K.L.Ngai,Comm,S0l.3tate Physica,4,127(l979);9,5,141(1989)
8.A.Poppelwell;H,Gunthepodt & K.Eunzi,-private communication.
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POSTER SESSION PK: ELECTRONIC PRCPERTIES I11

PK1 FERROMAGVETIC RESONANCE
STABILITY 1IN Fe AMORPHQUS
Parashar, C.S. Suﬁgndggazgnd Anil K.
School ©of Physics, University of

Hyderabad 500 134, INDIA

STUDY OF THERMAL
ALLOY, R.S.
Bhatnagar,

Hyderabad,

We report here the Ferromagnetic Resonance ob-
servations on mechanically polished and isother-

mally annealed Fe 0 i, 0 (VITROVAC 0040) amor-
phogs alloy rlbbong in Qhé temperature range 100 -
300°C. Measurements were made on JEOL X Band ESR

spectrometer suitably modified for FMR measurements.
Observations were made in parallel-vertical (PV)
and parallel-Horizontal configurations. The FMR
spectra of the as received polished samples exhibit
a single resonance curve having a line width of
approximately 235 Gauss in the PV configuration.
Significant changes are observed in the line widths
and the resonance magnetic field depending upon the
temperature and annealing time wused. Specimens
annealed for longer periods show two peaks, each
about 150 Gauss wide but differing considerably in
intensity and exhibiting distinct saturation beha-~
vior. FMR line widths exhibit two maxima when plo-
tted against isothermal annealing time. The first
peak is weak in nature and occurs for short annea-
ling times, while the second peak is more intense
and occurs for prolonged anneals. This behavior is
suggestive of a thermally-induced structural rela-
xation leading to a two-step crystallization pro-

cess. There seems to be two magnetic sub-systems
each with its own relaxation behavior, precipita-
ting out of the parent amorphous alloy. Additional

studies are being carried out to understand these

observations.

P®2 ON THE MAGNITUDE OF ELECTRICAL RESISTIVITY OF
AMORPHOUS, LIQUID AND CONCENTRATED CRYSTALLINE ALLOYS

D. Pavuna, Department of Physics, University of Leeds,

Leeds LS2 9JT, LU.K.

The magnitude of electrical resistivity, o, ,, of glassy
alloys varies from - 60u.ucm in MgZn up to " 300u.icm in Ti Be Zr.
The magnitude of the corvesponding liquid phases at the melting
point is typically - 10~-15% iower; a fact closely associated
with the temperature coefficient of resistivity at room
temperature which is often found to be negative in glassy
alloys.

We present the results of detailed measurements of the
variation of magnitude of the electrical resistivity across
the compositional range in CuTi, Culr and Culf glassy alloys
and compare them with those obtained for liquid and poly-
crystalline counterparts. We discuss the role of various
conduction mechanisms including the quantum diffusion with
interference effects, tunnelling, and d-conduction. We argue
that our results can be qualitatively understood in terms of
a4 simple phenomenological two-band model; the nearly free
electron models, like the Ziman model, are applicable only at
the copper rich end of the alloying range.

We introduce the concept of a reduced phase diagram for
resistivity (and poessibly other properties) of glassy alloys
and show that the change in the magnitude of resistivity
within the diagram follows the Nordheim rule similarly to
liquid or concentrated crystalline alloys. We correlate
this behaviour witn the changes in the chemical and/or
topological short range order and discuss it by referiog to
the metaliurgical phase diagrams of the alloy-systems studied.

On the basis of the model we suggest several experiments
including further resistivity studies and neutron scattering
measurements that should strengthen or disprove the v idity
of the present physival picture.

el Attt K el ula tala tat e e

PK3 ON THE LOCAL DENSITY OF UNOCCUPIED D STATES IN
TRANSITION METAL-METALLOID METALLIC GLASSES. Douglas M.
Pease, Guy Hayes, M. C. Cnof, J. 1. Budnick, W. A. Hines,
University of Connecticut, Storrs, CT 06268 and R.
Haseqawa, Allied Corporation, Morristown, N.J. 07960

New data on the x-ray absorption edge near-in struc-
ture of the (Ni Pt]_ )75P2? system is compared with pre-
vious results o random solid solution alloys and other
M-TM metallic glasses. Whereas experimental probes of the
density of d states at the Fermi energy, r4(E¢), often in-
dicate a sharp reduction in -g4(Ef) due to ghe presence of
metalloids or nontransition metafs. absorption edge results
usually indicate a negligible decrease in the total number
of d holes per transition metal atom in these alloy sys-
tems. Results of a recent calculation for a random solid
solution alloy suggest a possible means of resolving the
apparent discrepancy between measured changes in g Ef)
and absorption edge results.

PK4 RESISTOMETRIC STUDY OF SHCRT RANGE ORDERING IN METALLIC
GLASSES HAVING DIFFERENT FREE VOLUME CONTENT.

G.Riontino, Chemistry Dept., Fac.Pharmacy, University,l-10125%
Torino, Italy

P.Allia and F.Vinai, IENGF and GNSM, I-10125 Torino, ltaiy

The behavior of the electrical resistivity of metallic
glasses, p , can be analyzed to investigate compositional and
topological short range ordering processes occurring 1n these
alloys during structural relaxation in the glassy statel,

In the present paper, new results are reported of i1sotherm-
al resistance measurements at various temperatures T on amorph-
ous ribbons of composition (Fe,Ni)-(Cr,Mo)-P-B prepared by melt
spinning at different quenching rates. In these glasses, two
temperature regions can be distinguished on the basis of the be-
havior of the isothermal resistivity as a function of the anneal
ing time t. In the lower temperature region, compositional order
ing processes associated with an in-rease of pT(t) are ObservedT
while in a higher temperature range large variations of the to-
pological short range order occur, resulting in a decrease of

Ppit). A coherent shift of ali observed resistivity changes
*owards higher temperature values 1s observed in alloys prepar-
ed with higher quenching rates, suggesting a close relationship
between the height of local potential barriers for atomic diffu
si1on processes, and the local excess atomic volume. The rearran
gement processes involved in comprnsitional and 1n topelogical
short range ordering are equaily affected by the variation of
the free volume, 1ndicating that during structural relaxation
eijther uncorrelated, and more (ollective atomic motions are re-
gulated 1n a similar way by the local excess atomic volume,

13
P.Allia et al., J.Appl.Phys. .53, H798 (198




PK5 THERMAL STABILITY AND MACNETIC AND ELECTRICAL
PROPERTIES IN AMORPHOUS RE-Al ALLOYS

K. Shirakawa, The Research Institute of Electric and Magnetic
Alloys, 982, Sendai, Japan, and K. Aoki and T. Masumoto, The
Research Institute for Iron, Steel and Other Metals, Tohoku
University, 980, Sendai, Japan.

Recently, rare earth (RE) based amorphous alloys have
been investigated intensively. In the present study, thermal
stability and magnetic and electrical properties have been
investigated the various amorphous RE-Al alloys. The ribbon
samples of REj_xAly (0.2 < x < 0.8) have been prepared by melt-
quenching in an argon atomosphere. The thermal stability was
studied by means of a differential scanning calorimeter (DSC)
with a heating of 10 °C/min. The crystallization temperature
in.reases with increasing the melting point of RE metals.

The feature of thermomagnetization curve for amorphous Gdjg-
A130 alloy 1s remarkably affected by the strength of externmal
magnetic field. The electrical resistivity does not show a
monotonic decrease around 60 K as shown in the figure. Magne-
. tic phase diagrom of amorphous Gd-Al alloy system has been
. established by McGuire et al. {1}, and in low Gd contents,
amorphous Gd-Al alloys show spin-glass behaviors and transform
from an intermediate state to a ferromagnetic one in high Gd
contents. Therefore, these anomalous behaviors may be corre-
110 lated to the intermediate
magnetic state pointed
GdipAly out by them.
2 (1] T. R. McGuire, T.
Mizoguchi, R. J.
Gambino and S. Kirk-
patrick, J. Appl.
Phys. 49(3) (1978)
1689.
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PK6 ELECTRICAL AND MAGNETIC PROPERTIES
OF AMORPHOUS FeZr and FeGd FILMS

T. Stobiecki, J. Sokulski, K. Kowalski

Solid State Physics Department Academy of Mining and
Metallurgy, 30=059 Krakéw, P ol a nd

F. Stobiecki,

Institute of Molecular Physics of the Polish Academy
of Science, 60-179 Pozna#i, P o land

Fel_Xer(o¢ x €0.50) and Fel_deX(O £ x €0.30)

amorphous fllms were prepared by RF sputtering. The
electrical resistivity and the Hall effect as a function of
concentration and of temperature were investigated. From
this measurements the anomalous Hall constant RS.
ordinary Hall constant R, the Hall angle /e
resistivity § and temperature coefficient of resistivity at
room temperature TCR as a function of Zr and Gd
concentration was determined. Fukamichi et al (1]
reported a minimum of resistivity against temperature at
the Curie temperature T _for low Zr concentration

(x €0.15), From ow measurements It is seen that the
minimum differs from the T _for higher Zr concentration.
The Curie temperatuwe T d the extrapolated para -
magnetic Curie temperal @ were determined versus
Zr ana Gd concentration (for different samples) from
temperature measurements of the magnetization Ms and
the Hall resistivity H,

Q1) . Fukamichl, R, J. Gambino and T.R. Mc Guire
J. AppL Phys.,, 53 (1982), 2310
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PK7 RESISTIVITY AND HALL EFFECT OF
AMORPHOUS GdCo, CdCoMo AND CoMo FILM=

T. Stobiecki, K. Kowalski, and J. “okulski,
Solid State Physics Department, Academy of Mining and
Metallurgy, 30-059 Krakéw, I ol and

Amorphous Co Moy (o vy €0.30), Gd Co_

1=y 1=-x
(0.65 ¢ x g£1) and (Gdl_xCox)l_yMoy (0.70 « x €1 and

y=0.04, 0,06, 0,13, 0.17) films were prepared by RF
sputtering, The electrical resistivity and the Hall effect
as function of concentration and of temperature were
investigated, Influence of Mo concentration on resistivity
Qs temperature coefficient of resistivity at room tempera-
ture TCR, Hall angle /$ and magnetization M_ was
also studied for these films, Samples of Co, Mo, proved
to be amorphous for 0.12 #y £ 0.24 and show” negative
TCR in this range of y. Hall angle linearly decreases
with increasing concentration of Mo, Anomalous Hall
constant Rg depends only very weakly on the concentra=-
tion for 0.12 £ y & 0,26,

Films of GdCoMo and GdCo with § % 160 uSQcm
have negative TCR, With increeasing content of Mo we
observe a shift of the point at which TCR«0 towards
smaller Gd concenftration as it is predicted by the free
electron model with 2kp¥ k. We obtained different Hall
angle ( ¥u/¢ ) alloy dependence for GdCo and GdCoMo
alloys than cited by Mc Guire et al [1] . From our
measurements and calculations we deduce that the change
in Hall angle ( ©4/€ )Co Is due to the charge transfer
from Gd and Mo while the Hall angle ( $u/f )Gd of Gd
is nearly constant. The value of Hall angle ( fu/f)co
20,027 for pure amorphous Co taken from (1] seems
too large, our measurements yield ( $H/f )Co =0.015,

The dependence of the Hall constant R_ against
resistivity ¢ for the films studied is also discussed.

(2] T R. Mc Guire, R. J. Gambino and R. C, Taylor,
J. AppL Phys., 48 (1977), 2965,

g

PK8 MUFFIN-TIN MODEL CALCULATION OF THE DENSITY
OF STATES OF LIQUID COPPER

Margaret St.Peters
California Polytechnic State University

A comparison is made of various single-site theories for the
density of states (DQS) of disordered, strongly scattering
systems. Lloyd's formula, derived from a multiple-scattering
series expansion for the Green's function, is employed. An
expression for the integrated density of states, following
Niizeki®, is formulatgd for the energy-shell Ishida-Yonezawa
(ES-1Y) approximation” as wgll as for the effective medium
approximation (EMA) of Roth”, for which a Kirkwood type ionic
correlation is included. An explicit calculation of the DOS
for liquid copper is made using the multi-phase-shift muffin-
tin ES~IY approximation. We conclude that the self-consis-
tent ES-IY is the simplest viable theory for liquid metals.
Both the bandwidth and shape of the DOS in the d-resonance
region compare well with experimental liquid copper optical
density of states measurements and with the general shape of
fee gcopper calculations. A comparison by Aloisio, Singh and
loth® of a tight-binding model ES-}Y and EMA with computer
simulations of Fujiwara and Tanabe” suggests that the more
complex EMA gives a better band shape than the ES-1Y. We
propose that the ES-IY model calculation developed here could
provide a useful basis for an EMA calculation for a liquid
metal. The simplicity of the ES-1Y itself might be very use-
ful in investigating liguid and amorphous transition metal
alloys and in including vertex corrections in electrical con-

ductivity calculations.

INiizeki, K. (1979) J. Phys. F: Met. Phys. 9, L185.
“Yonezawa, F., Y. Ishida and F. Martino {1976} J. Phys. f:
3Met. Phys. 6, 1041.

Roth, L.M. {1974) Phys. Rev. B 9, 2476.

Aloisio, M.A., V.A. Singh and L M. Roth (1981) J. Phys. F:
cMet. Phys. 11, 1823.

Fujiwara, T, and Y. Tanabe (1979) J. Phys. F: Met. Phys. 9,
1085.
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PK9 THE THERMOPOWER OF Fe-B METALLIC GLASSES. J.O.
Strom-Olsen, M. Olivier, Physics Department, cGill
University, 3600 University Street, Montreal, Quebec,
Canada, H3A 2T8 and R.W. Cochrane, Universite de Montreal,
Physics Department, P.O. Box 6128, Station A, Montreal,

Quebec, Canada H3C 3.7.

The thermopower of melt spun Fe-B glasses for boron
concentrations in the range 13 at % to 12 at % has been
measured from 4.2K to S500K. In contrast to the magnetic
properties and electrical resistivity, the thermopower
shows a very strong dependence on boron concentration,
especially in the range 13 to 18 at %. Further, for the
more boron rich allovs, the thermopower develops a
pronounced maximum as a function of temperature at about
room temperature. The absence of any correlation between
the magnetisation and the thermopower precludes any
explanation based on magnetic scattering and attempts to
explain the behavior on the basis of chemical short range
order have peen equally unsuccessful. Instead the gencral
features of data mav be explained using the Faber-Ziman
model taking account of the temperature dependence of the
'r' term which itself reflects the energy derivatives of
the electron scattering at K = ZKF

PK10 MODIFIED C.P.A. TUEQRY FOR AMORPLQUS AND CRYSTALLINE
ALLOYS FOR CONSTITUENTS OF DIFFERFNT BAND STRUCTURE

*
B. Szpunar , P. Davbcr+,
Department of Physics, University of Durham, South Road,
Durham DH1 3LE, U.K.
+School of Mathematical and Physical Sciences, University
of Sussex, Falmer Brighton, Sussex, BNl 9QH, U.K.

The method of modifying the usual C.P.A. theory of alloys
is suggested to cover the physically important situation where
the two compcnents of a binary alloy have different densities
of states. By using cnergy dependent single site potentials
it is possible to refcr back to a reference constituent with a
simple analytic density of states. The C.P.A. condition
becomes a cubic equation for the propagator, which can be solved
analytically at any energy. 1The method can also be viewed as a
modification of the C.P.P.A. theory of Bolton and Dawber (1975)
and overcomes some of the difficulties encountered in that
approach.

The authors have carried out calculations for examplary
model systems where the bands have densities of states with
elliptic or rectangular form and different band widths.

The results of calculations of the specific heat for silver
gold alloys as a function of concentration is presented. The
good agreement with the experimental data justified the method.

References
1) Bolton J.P.R. and Dawber P.G. (1975) J. Phys. F:
Metal Phys. % 2079-85.

THE MAGNETIC PROPERTIES OF LINUID Cd-Sb ALLOYS

PK11
P. Terzieff and K.L. Komarek, Institute of Inorganic
Chemistry, University of Vienna, Austria; £. Wachtel and
B. Predel, Max-Planck-Institut fiir Metallforschuna,

Stuttqart, Federal Republic of Germanv

The maanetic properties of Cd-Sb alloys in the liquid state
were investioated by measurino the maanetic susceptibility un
to about 1100 K. Special attention was paid to alloys with
compositions in the ranae of the metastable phases Cd3Sb2 and
fd4$b3. where anomalous thermodynamic properties had been
observed. The susceptibility curves obtained on heating and
cooling coincided only far above the liquidus temperature. Nn
approachina the Viquidus temperature the curves diveraed,
which was most oronounced in the range of the metastable
phases. The variation of the maanetic susceptibility with
concentration could not be explained in terms of a simple
mixture of the components. The deviations from such a simple
behaviour is presumably due to chemical short range order in
the liquid state. A quantitative description has been attemp-

ted by usina thermodynamic data.

Pr12 ELECTRICAL TRANSPORT PROPERTIES OF METALLIC GLASSES®
C.L. Tsai and F.C, Lu, Materials Science Division, Institute
of Chemical Analysis, Northeastern University, Boston, MA
02115 USA

Electrical transport properties such as electrical resis-
tivity, ., magnetoresistivity, v/ , and Hall Coefficient,
Ry, have been measured for Ca-Al and La-Al metallic glasses
over a wide temperature range and in magnetic field up to
15 T. The value of . for Ca-Al metallic glasses varies from
+ 10G is:cm to - 400 s.cm while . for La-Al metallic glasses
changes from 180w cm to 310..cm, The values of Ry and ./
for Ca-Al system are negative at low temperatures; in con-
trast, they are positive for La-Al metallic glasses. The
negative ../ of Ca-Al metallic glasses can be attributed
largely to the incipient localization effect, while the
positive ., /_ of La-Al metallic olisses is due to the elec-
tron-electron interaction. Con.equently, the electrical
conductivity of La-Al metallic glasses displays a .7 depen-
dence at low temperatures, while that of Ca-Al metallic
glasses show a rather strong temperature dependence, The
details of the experimental results and the analysis of
the electrical transport properties of these metallic
glasses in terms of the incipient localization effect and
electron-electron interaction will be presented.

*Supported by AFOSR (FdY611-82-(-0076); part of this
work was performed at Francrs Bitter National Lab
at MIT supported Ly NSh,
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P13 COMPOSITION DEPENDENCE OF THL £7F: "7IVE MYPERFINE
FIELD IN AMORPHOUS Fe-EARLY TRANSITION METAL ALLOYS* K. M,
Unruh and C. L. Chien, The Johns Hopkins University,
Baltimore, MD 21218 USA

We have prepared a number of amorphous Fe-early transition
metal (Fe-EM; EM = v, Ti, Zr, Hf, V, Nb, Ta, Mo, W) alloys
in order to systematically study the effects of composition
and alloying element on the magnetic properties. All the
samples were prepared under similar conditions by a high
rate sputtering technique and were studied by Mossbauer
spectroscopy.

For all the magnetic samples, the effective hyperfine
field (He §) varies in an essentially linear way through
the relation

Heff(x) =mx+b
where x is the Fe concentration, m is nearly independent of
the EM alloying element, and b is characteristics of a
particular alloy. We have also observed that the size of the
EM element plays an important role in determining the magni-
tude of Hepes. Specifically, the magnitude of Hggf, at a
given composition, is found to scale with the size of the
EM element such that larger sizes are associated with larger
values of Hgaee. In addition, it is found that at a given
composition there is a minimum EM element size required for
an alloy to be magnetic. As a consequence Fe,,V,,, Fe,oMo,,
and Fe,oWyo are not magnetic. Such an analysis makes it
possible, based on a simple empirical formula, to predict the
effective hyperfine field in a number of as yet unstudied
alloys of Fe with a transition metal.

Qur empirical observations can be put on a more funda-
mental basis by comparison with recent band structure cal-
culations of Malozemoff et al! These calculations provide
a qualitative basis for understanding the important role
played by the size of the alloying element and also the
apparently anomalous behavior of the Fe-Ti alloys.

'A.P. Malozemoff, A. R. Williams, X. Terakura, V. L.
Moruzzi and K. Fukamichi, ICM, Kyoto (1982).
*Work supported by the NSF Grant No. DMR82-05135.

PK1d NEW CONSTRUCTION OF FIRST-PRINCIPLES PSEUDOPOTENTIALS
AND THEIR APPLICATIONS TO LIQUID METALS. M. Watabe and M.
Hasegawa, Faculty of Integrated Arts and Sciences, Hiroshima
University, Hiroshima 730, Japan

In spite of extensive theoretical studies for liquid as
well as crystalline metals some important problems of
electronic and thermodynamic properties st1ll remains unsolved
from first principies even for simple metals. One of reasons
for thie 1s that the pseudo- or model potentials used in these
studies are not sufficiently reliable. We propose here a
me~od of costructing a new type of first-principles pseodo-
potentials which have several advantages over the previous
ones and are expected to be reliable enough to apply to some
subtle problems. Our method 15 a modification of the “norm-
conserving" pseudopotentials due to Hamann, Schliiter and
Chiang (Phys. Rev. Lett. 43 1494 {1979)). Our pseudopotentials
are constructed by using the valence states of a free atom or
rhe APW-like states in the atomic sphere as the reference
state. Generated pseudopotentials are energy-independent as a
consequence of the norm-conserving nature and are expressed 1n
terms of simple analytic functions.

The pseudnpotentials are free from the complications and
uncertainties in treating the depletion hole, «ffective mass
carrections, etc., which are 1nevitable for the usual pseudo-
sr model potentilals, Hence they are quite useful for studying
varinus properties of metals and alloys. To 1llustrate the
usefalness of the pseucpntentials, we have applied them to the
caiculations ~f some properties of Zn and Cd.  We have found
*hat *he pseudopotentials predict -quite successfully the
unusual fearures of the equilitrium crystalline and liquid
wtructures of these metals e . large deviations of the csa
rar1as from the 1deal value and the skewness of the first peaks

f rthe Lirpnid structure factors) . Applications to the
Alectranis fransport properties in liquid phase are also gquite
sy cessfyl
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Pi 1y STUDY OF MAGNETIC RECIMES IN a-FexBinn-x BY DC
MAGNETIZATION MEASUREMENTS, D. J. Webb and S. M. Bhagnt,
University of Maryland, College Park, MD 20742, K. Moorjani,
F. ., Satkiewicz and T. 0. Poehler, .Johns Hopkins lUniversity,
Appl. Phys, Lab., Laurel, MD 20810, and M, A, Manheimer, lab.
for Phys, Sci., College Park, MD 20740,

Magnetic resonance! data on a-FeyB|np-yx Sputtered films
have delineated various magnetic regimes in these rather
simple glassy alloys. For 26 < x < 32 they show spin glass
behavior at low temperatures (T) while for 40 < x < 49 they
exhibit reentrant magnetism. Considering the sensitiv(tyz of
such behavior to external magnetic fields (Ba), it is desir-
able to explore these magnetic states in low fields. We have
made low field (10 < B, < 1000 Oe) dc magnetization (M)
measurements between 4 and 360 K using the Faraday balance
technique. The field and field gradient were applied
parallel to the plane of the thin film samples. In addition
to confirming the existence of the magnetic regimes revealed
by the resoudnce data, the present results give us further
insight into the nature of the “"ferromagnetism” in these
alloys in the reentrant regime and also help determine the
phase diagram in the vicinity of the multi-critical point.

For 40 < x < 49 we observe a discontinuous drop in
(dM/dT) on lowering T and use this to define T.. Below T¢,
with By < 30 Oe, M remains relatively independent of T down
to ~ 0.5 To. This constant value of M is well below that
consistent with demagnetization limiting., On further reduc-
tion of T, M drops slowly indicating reentrant magnetism.
Also M becomes time dependent and sensitive to field cooling.

For x ¢ 40, we find Curie Weiss behavior at high T. How-
ever, as also found for other spin glass alloys, the paramag-
netic 9 decreases progressively with reducing T, At = 10 K
the low field susceptibility has a peak characteristic of a
spin glass transition, For T below the peak temperature the
other properties of spin glasses, time dependence and
sensitivity to field cooling, reveal themselves,

1. Webb et al., Sol. St. Comm. 43 239 (1982), Bull. APS 28,
414 (1983).
2. Manheimer et al., Jour. Appl. Phys. 53, 7737 (1982).
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POSTER SESSION PL: ATOMIC TRANSPORT AND
STRUCTURAL RELAXATION 111

Pt ACTIVATION ENERGIES FOR CRYSTALLIZATION OF

AMORPHOUS Fe-Ni-P-B ALLOYS. H. Miura and S. 1sa ,
Iron and Steel Technical College, Nishikova, Amagasaki 661,
Japan

A method of estimating the solid-liquid surface energy of
an alloy was proposed to obtain the thermal activation energy
for crystallization AG* of the amorphous alloy based on the
classic theory of nucleation. In this method, the data of the
solid-vapor surface energy, the liquid-vapor surface energy,
and the heat of fusion of the alluy were employed. An example
of its application was given of the amorphous Feg4Ni16P14B6,
Fe4oNisoP14Be, and FeygNig4Py4Bg alloys. Calculation of the
value of AG* resulted in 148 kJ/mol for FegqNi16P14Bg, 173
kJ/mol for Fe,uoNi40P14Bg, and 179 kJ/mol for FejgNigsF14Be
alloys. Here the free energies of crystallization used in
these calculations were .:termined with the aid of the method
to be reported by the present authors in this conference.

From the above values of 4G* and those of the apparent
activation energy for crystallization determined by the
Kissinger method, the diffusion activation energies for crys-
tallization AGp of the present alloys were also calculated.
The values of AGp decreased with nickel content of the
alloys. The fluidities of the binary Feg4Nilg, FesoNi4gp, and
FelpNigs alloys were approximately determined by using the
reciprocal of viscosity of the constituent elements of each
alloy. The fluidities thus obtained increased with nickel
content of these binarics. This seems to support the tenden-
cy of composition dependence of AGp as mentioned above.

L2 CORRELATION OF THE SHEAR MODULUS AND INTERNAL
FRICTION IN THE REVERSIBLE STRUCTURAL RELAXATION OF A
GLASSY METAL. N. Morito* and T. Egami, University of
Pennsylvania, Philadelphia, PA 19104, USA, and *Research
Laboratories, Kawasaki Steel Corporation, Chiba, JAPAN

The reversible structural relaxation due to annealing
in glassy metals is known to influence magnetic properties
such as Curie temperature T,, field-induced magnetic aniso-
tropy K, and disaccommodation, and mechanical properties such
as Young's modulus and iyternal friction Q’l. Very recently
changes in Ter Ky and 9 due to annealing have been shown by
the present authors to share the same microscopic mechanism,
which we believe to be the anelastic structural defects such
as local shear stress fluctuations. In this paper we show
that the anelastic relaxation effect is also reflected in
the change of shear modulus G.

The measurements of 0~! and G (square of oscifallation
frequency) were carried out simultaneously, using an inverted
torsion pendulum apparatus. Above 300°C, the glassy metal
FejpNi3¢Cr4PjBg can attain a pseudo-equilibrium amorphous
state as reflected in the saturated values of T, and O ° just
prior to crystallization at each temperature. %he magnitude
of 0°! in the pseudo-equilibrium state for each annealing
temperature, was found to be linearly correlated with the
pseudo-equilibrium value of G at the same temperature. Tran-
sition from a higher temperature to a lower temperature
pseudo~equilibrium structure resulted in a lower value of
0~! and an increased value of G. The kinetics of the changes
in these two properties are similar. The strong correspon-
dence between G and 0! i{n the pseudo-equilibrium state and
in their kinetics indicates that they represent the same
anelastic relaxation effect. Furthermore, the extrapolation
of the pseudo-equilibrium values of G above 300°C to G = 0
gives 1500 - 2000°C as the freezing temperature of the shear-
able components in the glassy metal, which {s very close to
the value, ~ 1800°C, expected for Tg' the upper glass transi-
tion temperature of ; defects or local shear stress fluctua-
tions’.

I. T. Egami and D. Srolovitz, J. Phys., F 12, 2141 (1982).
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PL3 ON THE KINETICS OF STRUCTURAL RELLAXATION {2

ANORPHOUS FebUNx UB'U' A.L. Mulder, S. van der Zwaax and

A. van den Beuke?, Berfe Lniversity of lechnology, Laboratorsy
of Metallurgy, Rotterdamseweg 137, 2025 AL Delft, [he
Netherlands.

Structural relaxation consists of an irrceversibte
annealing out of free velume and reversible oraer-discrder
processes.

Recently a model has been developed which describes
quantitatively the kinctics of the anrealing of free volume
and which predicts that the khinetics of the ordering
processes depends on the amount of free velume present (1],
In tiiis paper we present experimental results confirming the
validity of the model.

A hign resolution pulse-echo techinique for K.U.-
measurements of small changes in Young's modulus of
Fe“ NLQOB 0 was used to follow structural relaxatien during
isoghermaf annealing. It is demonstrated that Young's modulus
depends on both the amount of free volume and the degree of
order. Due to the reversibility of the ordering process the
contribution of the two processes to Young's modulus can be
separated by means of suitable heat treatments.

The changes in Young's modulus during annealing, which
are due to changes in the amount of free volume are very well
described by the model. Using a single activation energy of
170 kJ/mol the annealing out of free volume could be
described over a wide range of annealing temperatures and
times.

The predicted dependence of the kinetics of the
ordering process on the amount of free volume present has
been observed giving additional suppert for the model.

[1] A. van den Beukel and S. Radelaar, Acta l!et. 31(1983)
419, o

PL4 KINETICS OF CRYSTALLIZATION IN THE 0“60'
Zr 0 ALLOY SYSTEM. M. A. Otooni, Metallic
Mateérials Branch, Materials and Manufacturing
Technology Division, Fire Control and Small
Caliber Weapon Systems Laboratory, US Army
Armament Research and Development Command, Dover,
NJ 07801

Amorphous alloy of copper - 40 ut % Zr nas
been allowed to undergo crystallization during a
series of isothermel annealing of samples at
temperature intervals of 651, 673, 703, and T20°K
respectively. Differential Scanning Calorimetry
(nsC), X-Ray Tiffraction (XRD), High Resolution
Transmission Electron Microscopy (HREM), Reflec-
tion High Energy Electron Diffraction (RHEED),
Microhardness (MH), and Electrical Resistivity
(ER) techniques have been employed to assess the
onset of crystallization processes., Results from
MH and ER measurements indicate an abrupt
increase of these parameters during the first hour
of annealing of the sample. A more subtle and
continuous trend in increasing MH and ER data
develops during subsequent annealing times. High
Resolution Transmission Electron Micrograph of
samples annealed at 651°K for 60-70 minutes reveal
the appearance of cluster-like regions of approx-
imately 15-20 A® in size and randomly distributed
throughout the sample. Reflection High Energy
Electron Diffraction Micrographs from unannealed
samples indicate highly diffused diffraction
patterns. Insitu annealing of these samples
results in further sharpening of the RHEED pattern
with increasing time and temperature. This latter
analysis clearly indicates that the amorphcus
surface layers undergo transformaticn similar to
that of the matrix.




PLS SYNTHESIS AND THERMAL RELAXATION OF METALLIC GLASSES
QUENCHFD AT AMBIENT AND ELEVATED SUBSTRATE TEMPERATURES.
§.J. Poon and S.T. Anderson, Llrniversitv of Virginia,
Charlottesville, VA 22901 USA

Amorphous metallic foils and ribbons are obtained at
variable substrate temperatures. The svnthesis techniques
(pistor-anvil, melt spinning) are described and discussed.
Superconductivity is used as a probe to study the thermal
states of the samples. Homogeneity of the samples are empha-
sized. The thermal relaxation of samples quenched at elevated

temperature is compared with that obtained at room temperature.

For the room temperature quenched samples, 'equilibrium' amor-
phous phases are only observed in systems which undergo poly-
morphous crystallization (e.g. ZrNi, Zr,Pd, 2rqRh). Long
term annealing in alleys undergoing eutectic crystallization
(e.g. ZriNi, ZrjPd) leads initiuallv to microscopic composition
modulation (phase separation) and eventually to crystalliza-
tion. The stability of the equilibrium structures are dis-
cussed.

oL ATOMIC DIFFUSION AND STRUCTURAL

RELAXATION IN AMORPHOUS CulAg FILMS
I.M.Reda, A.Wagendristel and H.Bangert, Institute of
Applied and Technical Physics, Technical University
of Vienna, A-1040, Karlsplatz 13, Austria

Ag-Cu films prepared by vapour quenching onto
liquid nitrogen cooled substrates are amorphous and
stable above room temperature in the concentration
range 25:43 atiCu. Such films exhibit a strong
dependence of crystallization temperature on the
concentration and a pronounced parabolic dependence
of electrical resistivity on concentration. These
two properties allow to monitor the diffusion mixing
process in thin film couples. For this purpose three
substrates were mounted and with a special masking
system, concentration modulated films were deposited
on one of them whereas the two others were exposed
to a constant concentration vapour beam. A typical
modulation wavelength was 4 nm with concentration
amplitude of 10 at%$ around the mean concentration.
These films were annealed at temperatures between
295 b and 323 K. Their electrical resistivities were
measured "in situ". The rise of resis:ivity due to
the diffusional mixing process made the assessment
of an average diffusion coefficient possible:

D=38.7 x 10~5exp(-0.85 eV/kT) em2/s

The structural relaxation effect has been studied
as well. The activation energy of the isoconfigura-
tional diffusivity is 1.2 eV and the frequency factor
is 7.3 x 10"3cm?/s.

[ SUPERCONDUCTIVITY AND THERMAL RLULAXATION OF
AMORPHCOUS Bo-Nb-Zr ALLOYS., H. Riesemerer, K. Liders,
Fachbereicon Physik dey Froeren "niversptat Berlan,
tH.C. Freyhardt, J. Reronelt, lustitut Por Metally by-
sik der Universitit Sottingen and SFB 126

The superconducting behavier of rapidly juenched
Be Nb_Zr . (x=0, 4.5, 4 and % at.*) alloys
wagzi%veétlsgtﬁa¥ Measarements were made an thulas-
guenched state as well as after several anncaling
procedures. The samples were prepared Ly a melt-
spinning technique. The amorphous structure was con-
firmed by X-ray 1nvestigations using Ur-Ky, radiation.
DSC measusements revealed a glass temperature of
about 3507C and ,yencrally, a two-step crystalliza-
tion with an activation eneryy of ~leV for the first
step.

The superconducting transitlon curves were deter-
mined resistively and inductively. Furthermore the
upper critical field B ,(T) was measured by means of
a superconducting magnéf,

Isochronous annealing 1n an argon atmosphere was
performed successively from room temperature to the
beginning of crystallization.

With increasin; annealing temperature, the super-
conducting transition temperature T _ is shifted to
lower values. As an example values Yor Be 2 Nb
Zrg, o are giveng As quenched, T, = 3-39 i;'?ooéc,
7 °2:3.21 k; 300°c, T_ = 2.84 k;°350°C, T_ = 2.77 K.
afd 375°C, T_ = 2.29 K. At the same time ¥he criti-
cal field cu¥ves are also shifted to lower tempera-
tures without a remarkable change of the slope (dB ./
dT)n . The resigum.resistivity Q is not influenced
up ES aboyt 2007°C and then incréases slightly up to
300 - 350 C6 indicatiBg a topological relaxation only.
Between 350°C and 375°C § decreases strongly.

From an evaluation of (dBcz/dT) and Q@ the in-
fluence of N(E.) on T_ is discussegcin comparison
with possible ghanges of the electron-~phonon inter-
action.

pLA EVOLUTION OF PHASE SEPARATION IN Cuo.slr‘o_5 METALLIC

GLASSES. R. Schulz, K. Samwer* and W. L. Johnson, California
Institute of Technology, Pasadena, CA 91125 USA

A resistivity anomaly is seen in Cu0 5Zro 5 upon annealing
between 300 C and 360 C which is similar to that observed in the
electrical resistivity of alloys during the phase separation
which occurs following a quench into a two phase region.
Together with radial distribution function (RDF) and electronic
microscopy measurements (TEM), these data suggest that phase
separation into a Cu rich and a Cu poor amorphous phase is
taking place. In the early stages of phase separation, the
excess resistivity change above that expected due to the usual
free volume relaxation is consistent with the linear theory of
spinodal decomposition. Samples previously annealed in this
temperature range and subsequently reheated at a rate of
20C/min show a well defined two step crystallization.

X-ray results show that during phase separation the main
peak of the interference function shifts, gets wider and
becomes asymmetric. This contrasts with the usual relaxtion
behavior described by Egami et al. The change in the RDF can
be explained if we assume that the following transformation
occurs in the glass.

Culr > a x (CugpZry) + b x (Culry)

The coefficients a and b can be used to follow the progress of
the reaction with annealing time. There is no evidence of
crystalline precipitation from high angle X-ray and TEM during
this process.

*Permanent Address: 1. Physikalisches Institut, Bunsen str. 9,
D-3400 Gottingen, West Germany
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PL9 SNTHALPY RELAXATION OF SOME METALLIC GLASSES NEAR Tg

R.0.Suzuki and P.H.Shingu, Dept. of Metal Science
and Technology, Kyoto Univ., Sakyo-Ku, Kyoto 606 Japan

Quantitative measurements of the enthalpy of relaxation
in Pd-Cu-5i, Pd-Au-8i, Cu-2r and Te-Ge glassy alloys,
prepared by rapid quenching, were performed. As shown in
the figure, the heat abscrption observed on heating up to
T., of samples annealed at a fixed temperature below T
is interpreted as being due to structural relaxation.
The amount of absorbed heat ( enthalpy of relaxation )
increased with the increase in the annealing time up to
a saturation value. The kinetics of this relaxation
analyzed in terms of Johnson-Mehl-Avrami equation produced

(time)l/2 dependence of log (relaxed fraction).

50 J/mol K

Temperature {K)

PL1O ANNEALING ZFFECTS ON ELECTRICAL RESISTIVITY,
THERMOELECTRIC POWELR AND CRYSTALLIZATION OF IRON~

RICH METALLIC GLASSES CONTAINING MOLYBDENUM,

S. Venkataraman, K.V. Reddy, Uno W. Virata Swaroop,

G. Venugopal Rao and A.K. Bhatnagar, School of

Physics, University of Hyderabad, Hyderabad 500134,

India

Thermal Stability of metallic glasses is an
important criterion for their applications. 1It is,
therefore, important to study the effect of annea-
ling at low temperatures but for long durations.
We have investigated annealing effects on electri-
cal resistivity, thermoelectric power and crysta-
llization of metallic glasses Fe40N138Mo B

4718’
Fe,gMo B, and  Fe,gNi, glo,Si B, ,. For example, we

have found that the sample Fe MOZBZO’ vhen annea-

78
led at 50 C for 20 hrs, shows approximately 10% de-
crease in the resistivity. The resistivity ratio,
P(T)/P(300), of the annealed and unannealed samples
almost coincided with each other upto 450 K beyond
which this ratio increased rmuch faster for the ann-
ealed sample. The resistivity did not seem to be
proportional to T over the full range of temnpera-
ture studied. The Crystallization temperature was
found to change from 773 K for the as received sam-
ple to 733 K for the annealed sample. Thermoelect-
ric power of the 'as received' samples showed sore
minor structures which seem to disappear on annea-
ling. Detailed data on all three metallic glasses
will be presented and discussed.

LT FORMATION AND STABILITY OF AMORPHOUS AND PART-
CRYSTALLINE Zr7 N12,‘I ALLOYS. B. Toloui, Oxford kesearch
Unit, The Open Sniversi:y, Foxcombe Hall, Oxfcrd, OX1 dHR,
U.K. G, Gregan, Department of Metallurgy, University of
Sheffield, Sheffield, Sl sJD, U.K. and M.G. Scott, Standard
Telecommunication Laboratories Ltd., Harlow, Essex, CMLY
9NA, U.K.

By varying the quenching rate during melt-spinnina it 1is
possible to produce either amorphous or partially crystal-
ine ZrygNigq alloy. The quenched-in crystals are a-Zr
whereas those produced by thermal decomposition of the
glassy phase have an off-stoichiometric Clé (ZrnNi) struct-
ure., The part crystalline material is more stable against
further crystallisation than is the fully amorphous
material. Possible explanations for this behaviour are
presented. The pre-existing crystals do not act as heterc-
genous nucleation sites for further crystallisation.

PL12 Ductility and Swelling of Neutron-Irradiated Amorphous
FeyoNiyoBzg

R. Wagner, R. Gerling and F.P. Schimansky, GKSS-Forschungszentrum,

Institut fiir Physik, D 2054 Geesthacht, Box 1160, FR Germany

Amorphous ribbons of FeyoNiugBzg in the as-quenched state and
in different states of relaxation were exposed to incore reactor
irradiation at - 709C. The inelastic transmutations of the 10B-
isotope by the capture of thermal neutrons resulted in high en-
ergy a~ and Li-projectiles (2.7 MeV) causing damage levels up
to 5 dpa. With increasing damage level the density of both the
ags-quenched and the thermally relaxed specimen decreased con-
tinuously; however, beyond 0.65 dpa the swelling of the glassy
alloy reached a saturation level of - 0.8 7 with respect to the
density of the unirradiated specimens. This swelline behaviour
points clearly towards the existence of radiation-induced de-
fects which contain a fair amount of excess free voiume. In an
analogous manner to crystalline alloys the generation of such
a 'vacancy-type' defect within the amorphous structure requires
the simultaneous generation of a corresponding anti~defect, i.e.
an'interstitial-type’' defect with a locally higher than average
density. The observed swelling effect, however, suggests a
higher mobility of the 'interstitial-type' defects.

Beyond 0.16 dpa the as-quenched material starts to embrittle;
ductility is completely lost at damage levels > 0.65 dpa. The
relaxed specimen, the density of which has increased by 0.07 %
during thermal relaxation, was brittle at the beginning of irra-
diation. After irradiation to only 0.016 dpa the ductility was
completely restored stressing the important role of excess free
volume with respect to mechanical properties of metallic glasses.

Beyond 0.16 dpa the ductility again starts to decrease in an
identical manner to that of the as-quenched specimen. This loss
of ductility during irradiation is attributed to the radiation-
enhanced formation of embrittling amorphous (Fe,Ni)3;B-clusters
which compensates the positive effect of the radiation-induced
excess free volume upon the ductility of FeurNiupsBjo.




PLTS THE CRYSTALLIZATION KINETICS OF AMORPHOUS
SELENIUM, J.T. wang, X.L. Wei, B,Z, Din, S.L. Li, Institute of
Metal Research Academia Sinica, Wenhua Road, Shenyang, China.

The crystallization process of evaporated high purity
amorphous selenium at a constant heating rate {40, 20, 10, S,
2.5 1.2%5 k/min) and at constant temperature near the glass
transformation temperature Tg (319, 318, 317, 316, 315, 314 K)
were studied by means of differential scanning calorimeter D3C
IT, and the incubation periods at different temperatures were
measured. In order to determine accurately the fraction
transformed X{(t) at any time, a formula of correcting the base-
line of DSC-curve was deducted. The experimental data were
calculated by a compiled computer general program. The result
shows that when the ends of incubation periods were taken s the
starting pints of transformation, and the fraction transformed
(X) as a function of time (t), the exponent n found by
Johnsen-Mehl-Avrami equation [X = 1l-exp (-bt )], which gen-
erally increases with rising the fraction transformed, only
when 0.15 < X < 0.95, the value n keeps approximately constant,
being between 3.29 + 0.04 - 3,69 + 0.04,

The crystallization activation energies (E)} were calcu-
lated based on the experimental results by Arrhenius equation.
It is found, that apparent activation energies are not com-
pletely the same value in different transformation stage. In
the initial stage E increases with increasing fraction
transformed, and when 0.5 < X < 0.95E is nearly a constant,
being 66 + 1 kecal/mol. In the 1later stage, nowever, E
decreases with X(t). These results reflect the objective law
of nucleation and growth in the transformation process.

PLI4 CRYSTALLIZATION OF AMORPHOUS ALLOYS -
DETERMINATION OF ACTIVATION ENERGIES FROM ELECTRICAL
RESISTIVITY MEASUREMENTS, J. Wolny and J. Soxtyst,
L. Smardz, J.M. Duboist% A, Catka%t, Inst. Fhys. and
Huclear Techniques,Academy of iining and ketallurgy,
30-059 Cracow, Poland; +Jagiellonian Univ., Inst.of
Phys., Cracowjt*tLab, ..etallurgie, cScole des .ines,
Lancy, Francej%*Technical University, sarsaw

The paper presents a review of various methods
currently used to determine the activation energy
for crystallization of amorphous alloys from their
electrical resistivity data. Both isothermal and
isochronous approaches are discussed..ost attention
has been payed to the former one, which means that
the following methods have been compared: 1/that of
the relaxation time$} 2/estimation of time needed by
the sample to reach certain crystallization degreeg
3/ determining of maximum of the time derivative of
electrical resistivity. The latter one has been
presented in a somewhat more detailed way. The idea
is to egstimate the activation energy from the depen-
dence of 1nad§étn upon V/p, where x is the relative
electrical resistivity, t is time, and I stands for
temperature., The results were subjected to carerul
numerical stability tests, both with respect to the
influence of initial parameter values and with
respect to the particular method of numerical dif-
ferentation used. ihe possibility of generalization
of the concept, towards employing higher order deri-
vatives, has been suggested. For illustration,
results from the second time derivative of electri-
cal resistivity have been presented and compared
with those ootained by other methods.
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PLTS LOW-FREQUENCY INTERNAL FRICTION OF METALLIC SLASSES  DiK-
ING STRUCTURE RELAXATION AND CRYSTALLIZATION, Xia Wurong, Sut
Jianian, Wang Zixiao and Zhou Rusong, Departmen®t nf Physi-~s,
Wuhan Yniversity,Wuhan, Thina.

The tempergture dependence of internal friction ant elas-
tic modulus (f°) associated with the structure relaxation and
crystallization process in metallic glasses Pq4825{18 and
(FeN,6Ni0,4) 825iBB1" are measured by torsion pendulum ‘2,2+~1.7
HZ). An internal friction peak at 379°C for Pd823i1% and ‘two
peaks at 435°C and 499°C for (FeN.6Ni).4)82SiBB10, each having
a corresponding frequency minimum, are observed, They are
assigned to a diffusion controlled irreversible transition to
crystalline phases, which may be achieved through cooperative
atomic displacement, a phonon mode softening accompanies the
occurrence of each of the peaks. An isothermal internal fric-
tion peak 1is also observed during the isothermal crystalliiza-
tion transition.

A stable internal friction peak, like that in the marten-
sitic phase transition of crystalline NiTi alloy observed by
Mercier, has been found for first time reported in metallie
glasses. It can be seen that both in the structure relaxation
process and in the crystallization process, the internal fric-
tion may be divided to two parts, one is the stable internal
friction, independent of heating rate, an “e other, associ-
ated with temperature changes, dependen’ ‘eating rate. The
different mechanisms of these two parts internal friction
are discussed.

It is of interest to note that w« metallic glass
(Fe0.6N10.4)825i8B10 exhibits Invar be r  at as-quenched
state and Elinvar behavior in a wider te e range after a
proper pre-annealing treatment.

PL16 RELAXATION AND EMBRITTLEMENT OF FegqNigqSi GLASS.
P.G.Zielinski & D.G.Ast, Cornell Univ., Ithaca, %Y Qu 3, USA.

The structural relaxation of Fe[40INi[40]Si[81B[12]) was
investigated by differential scanning calorimetry of
isochronically (15 min.) pre-annealed samples subjected to
temperatures up to 68 K; i.e. to within 50 K of the
crystallization temperature Tx.

The enthalpy relaxation spectrum consisted of two
exothermic peaks, centered approximately at 550 and 650 K.
The activation energies, derived from an analysis of the
decrease of peak area with pre-annealing temperature, were
0.42 and 0.89 eV, respectively. A broad reversible peak,
endothermic  upon heating and exothermic .upon cooling,
developed when the specimen was temperature cycled repeatedly
between 500 and 665 K; i.e.roughly in the temperature region
separating the two peaks.

The two exothermic peaks I and II decreased smoothly with
increasing pre-annealing temperature. The magnetic Curie
temperature stayed constant up to pre-annealing temperatures
corresponding to the onset of peak II and underwent reversible
shifts when the specimen was cycled between 500 and 650 K.

Bending tests were carried out by compressing hairpin
configurated specimens in an Instron testing machine and
recording displacement vs force. In un-annealed specimens,
the deformation consisted of three stages: (i) homogenous
(ii) shear band formation (iii) plastic hinge formation and
cracking. Pre-annealing shifted the onset of deformation
mechanisms (i) smoothly to higher strain values but left the
onset of stage (ii) unchanged. The fracture strain
(termination of stage (iii)) decreased sharply when annealing
was carried out in the temperature range of peak II.

These results are consistent with a model which assigns
annihilation of volume defects to peak I and cluster formation
on the mm scale to stage II. Once formed, the clusters undergo
reversible degrees of association in temperature cycling
experiments. A quantitative theory will be presented which
shows that the temperature dependence of the apparent specific
is functiomally similar to a glass transition. Causes for the
similarity will be discussed in context with related theories.




PLIT GLASSY Pd-RE-Si ALLOYS: FORMATION, PROPERTIES AND
DEVITRIFICATION, Y.Q. Gao and B.C. Giessen, Materials
Science Division, Institute of Chemicsal Analysis.
Northeastern University, Boston, MA 02115

It is well known that Pd-Si alloys with between 14 and 20%
Si readily form metallic glasses upon solidification at
relatively moderate cooling rates; at lower Si contents,
glass formation requires increasingly higher cooling rates
and techniques other thanm melt spinning must be used for
preparation. On the other hand, if it is desired to form
ductile bulk alloys containing bardening precipitates by
devitrification of Pd glasses, the concentration of Si in
the glass must be lowered while retaining gless formation.
This dual goal is accomplished by adding two synergistic
constituents such as an esrly transition metal (e.g., a rare
carth metal, RE, or Y) and » metalloid (e.g., Si) im
approximately equal proportions. The resulting glass can be
devitrified to form s hardened alloy of moderate ductility.
The composition ranges of ready glass formation and the
mechanical properties of the glasses and devitrified alloys
will be presented.

oLl APPLICATION OF PATTERN RECOGNITION TECHNIQUES To THEL
PREDICTION OF READY GLASS FORMATION, B.C. Giessen and Y.Q.
Gao, Materials Science Division, Institute of Chemical
Analysis, and Department of Chemistry, Northeastern
University, Boston, MA 02115

In the recent past, & substantis! amount of effort has besn
devoted to forecasting the occurrence of ready glass
formation (RGF) in alloys upon rapid quenching. For binary
systems, prediction has been relatively successtul

generally using two criteria that can be depicted 1n a map
(ezamples are heat of mixing mnd siz¢ ratio or e¢utectac
temperature and composition); 1a certain cases, single
criteria such as VEC or alloy crystal structure have been
used. However. for ternary and higher systems {where RGF s
relatively more common) single or dual c¢riteria have not yet
been successfully applied. In a new approach to this
problem we have adapted methods of pattern recognition taken
primarily from applications 1in analytical chemistry to the
present concerns. These methods allow the treatment of
representations involving more thapn two i1ndependent factors
spanning spaces of order higher than two, using hyperplane
separations, dendrograms and other statistical procedures
accordingly, more than two factors each of whiib is
individually weakly correlated to RGF can be jointly
evaluated.
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