DISTRIBUTION STATEMENT A
Approved for Public Release
Distribution Unlimited

Final Proceedings of
The EOARD/IRC-sponsored
International Workshop on Gamma
Aluminide Alloy Technology

held from 1 to 3 May 1996
at The IRC in Materials for High Performance
Applications
The University of Birmingham

SECTION TWO

The organisers wish to thank the United States Air Force European
Office of Aerospace Research and Development for its contributions to
the success of this conference

71C QUALITY INGPEOTED 1 MOML



Snterdisciplinary

esearch

Centre

in

Materials for High Performance Applications

Final Proceedings of
The EOARD/IRC-sponsored
International Workshop on Gamma
Aluminide Alloy Technology

held from 1 to 3 May 1996
at The IRC in Materials for High Performance
Applications
The University of Birmingham

SECTION TWO
. Reproduced From
‘tv?BJ Best Available Copy
THE UNIVERSITY
THE UNIVERSITY - - UNIVERSITY OF WALES

SWANSEA

THE UNIVERSITY OF BIRMINGHAM AND UNIVERSITY OF WALES SWANSEA CONSORTIUM

Funded by the Engineering and Physical Sciences Research Council

B FO0-05-1237 ¢




REPORT DOCUMENTATION PAGE

Form Approved OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

18 April 1997

3. REPORT TYPE AND DATES COVERED

Conference Proceedings

4. TITLE AND SUBTITLE

International Workshop on Gamma Aluminide Alloy Technology

5. FUNDING NUMBERS

F6170896W0160

6. AUTHOR(S)

Conference Committee

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

University of Birmingham
Edgbaston

" Birmingham B15 2TT
United Kingdom

8. PERFORMING ORGANIZATION
REPORT NUMBER

N/A

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

EOARD
PSC 802 BOX 14
FPO 09489-0200

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

CSP 96-1032-2

11. SUPPLEMENTARY NOTES

Proceedings are in four sections.

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

12b. DISTRIBUTION CODE
A

13. ABSTRACT (Maximum 200 words)

The Final Proceedings for International Workshop on Gamma Titanium Aluminide Alloy Technology, 1 May 1996 - 3 May 1986

The Topics covered include:
Technologies

Fundamental research issues for understanding the emerging class of Gamma Titanium Aluminide Alloy

14. SUBJECT TERMS

15. NUMBER OF PAGES

16. PRICE CODE

N/A
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION | 19, SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UMCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102




uopuor
- abejj0) [ejaeduw]
sjelale |y Jo Jusuiiedaqg
nNojnNopoIsLIYy)

sjdwex3 ue se sAo||y |VIL aX

'SaPIUIWIN]Y WNlue} |- A U] S}03)3 [BIN}ONIISOIDIN

o




sjuawiajd uoljisued} ,aanoe, bulueiuos
Sadlnew uj pue sapiqied ‘sepiiiu yim suojjoral uojeydioard xadwoy .

| se|iepunoq eseyd
}lys 1o suoneuniojsues) aseyd ofjjejeursaiu; abueys o} seedde jou soopgll o

yimoub ujesy -
uopezjjjeisAiosy -

JO SOHaUD] SAYIPOW o

Allige)iom panosdwy -
Ahwiojiun ainons ujelyy -

8z|s ujesb ay) sauyyay o

1

\

Ezaos._“mgo__z Uo JUsWIddiojuiay Jo aduanjjuj




E -

Bujjooo pidey

<
| - 7 N\

S~

\ i -+ HeW j0Buj

m_ VR

Suln] "0 -

L] 4 ]
g _HH_ mm - o d
Buljoos mojg q g 8

\

av

V1L @X Ul JUSWUO]aASq 2InjoNI1S0I01py

'}




a(x‘1L) s| iuawaalojulal ajqels
Ul M pue e] “JH ‘Ol ‘gN ‘4z Bujujejuod suonisodwod 104 -

juawadlojuial ajqels ayj
S| °gil IN pue 09 ‘a4 ‘U ‘10 ‘A Bujujejuos suonisodwos 04 -

suojjeujquwod xjjewy (sapioljis sap|qies
‘Sapiiu ‘saplioq) Juawaalojulal Jo sua) pajebnsanu| -

:s|ej49jew paseq-ewweb ._ou_. .

f

\

..w_ﬁ_hm%_\,._~ paseq-|VIL o1 paljddy buissasoid . (X

S e e



$rAE ORI UAS NS E R LY

i8ql4 uoys

L4

a3aidISSVIONN

suond@ JUawiadIojuidy wiaxX

a3a4ISSYIONN

ejejndjled




nes
HOMAMEL COHLONVLION VR S O N R P GG

6220U(19\|A CouR{BL {0 |5 A"
* Clsw ispuswent ocernie 91 \oM AojfIIe 1SCo2 0} 1168 * Buq \swey2

AOjfue peiceut ||gd
0 3 ¢t e 8 10 15 i¢

c v I 1 4 Ll v | ¥ T ’ T T T
100 | + F——ao~ % |
Q on % N
a
| -
Q A
. 500 } | |
]
o o
= m +  11-eAVI-S-Sup [30]
300 | . X 11-4AVI-SHU-JA-1UP 1
\x O 1-tavi-Su-sCt o
VvV A-AVI-SHU-SA-SCL
300.C\20¥ 0O 11-4AvI-SWU-SA
400 2 1 . 1 . L . 3 . 1 a1 N 1

GISji 188X [0S




XS

4
ONINIHLONIVLS T1IIANVY o
FUNIINYLSONIIN §14ivis o
ALINNOSINN IVUNLINELSOUIIN QHEVININI ©

ANIWINIIY NIVID @

.GX HLIM XS .GX LNOHLIM

JUNLONYLS NOILYIHIANOS

L0088 0D

NOLLYWOSITD 1 BVMON I

S3LISOdINOD IAINIWNIY WNINVLIL .aX 1SVY)




L LR AE 2R LT VI VIe _u

CHILO/AL-|WGh-IL
Padiojujey-,, ax

A314ISSYIONN

IVSH-IL
pesiojujesun

g

SAAININNTY WNINVLIL 40 DNIDHOS TVINHIHLOSI




e

paxeinb3 / iejjawe pawiojag

ainjonng xajpdng (pawiojap) tejjawe Ajjnyg

paxeinb3 A)n4 dejjawe] Ajng

Suondo einjoniiISoIoIN f




paleal] Jesyy pepniix3

¢

€11 %’1OA G°L-IVSP-11 w:




>
-l
<
iy
7
<
I
B
=
Z
9
o
-
o
=

Heat Treated Condition

-4
Loy
<
u

s
>
2
<
[ 4
»
-
a
<
o
—
.
24
-
-
-

20KV X540

As-Extruded

XD™ Ti-4§ a/o Al + 7 v/o TiB2:

As-Extrudsd
+ 1200°C/18 hr

+ 1200°C/16 hr




hEGR AN S O S R L Z VIR VPR WA

4
PFHISWIET Jo stxy euoz “lozii] /* [044] e uensy eBeuy piei 1uBpg

v

wdgy B

e
-

J-00C1 e sinoH g paby usyy papnax3 :yop-i1



(10840 106.1p) B1RINONIRD O} NP ssREIOU| YiBuang = doy
(s109y48 100.41pui) ajejnonaed jo asuesead o) anp xinew jo aseesou) yibuang = dwoy

A101s1y eunsay; jeouapy uaalb Aojje eseq jo yiBuenis = sselis 8ousleyay =  °0
ajisodwoo ey jo Yibuang = 20 esaym
oy + Moy +°0 = %0«
ﬁ ) ~ )
uoun|os pijos uj |

uoloq |ejudawald JO s8IUANJJU| [BOJUBRYIDWN aje|ndjued

21N}9N11SOIDIW JO JuswWaUleY xphew ayy jo yibuans juasayul
1381)pu] » 199119 ,
\_ , J J

o

sUonNqIIIuo) buiuaypbuans




uoyisoduioo Aojle eseq ynm seliea suonippe Zg11 o1 esuodses ey »

paujurexs saoLijew epjujwnie wnjuely jje jo bujusyiBuens uy synses gy jo UOIPPY »

¢g|l U819 d dWN|OA
v ct Ol 8 9 174 LA 0

1 v T M T v 1 v 1 ¥ 1 v T v cmm
J
- ANL-AL-UNZ-IVLY-IL X N OOQ
| 40C-UNZ-ivLip-Il O <
8 .—0N1>NIC§N»—<NQ|—.—. v N va AM
AT-UNZIVLY-1L O (o}
14 .
- 4 00S a
L po |
wQ
i {oss 5
3
- 4009 o '
- 4 099
Y 0S/I.006 |
T N 1 . 1 " 1 N L 2 1 N 1 2 1 " N OON

SSpIUIWN|Y WNIUEIL 1582 ., aX JO 1UaWaoIojujay 2 ail




Ja111eq, 1sabuons Aq pajjonuos uopewsojeq

/- A._Nn\&v
Z€0 820 v20 0c0 910 20 800 +t00
v T ' T t T M T Y T ) T B QOMU
Yy 0S5 /0,006
! . 00
3 4 (¢}
{ _
-
s 1005 3
L J ©
ANF-A-UNZIVZDL x|
i 10T-UNZVLE-1L m,l 009
Y 3 10T AZT-UNZIVLYIL V|
ATUWZIVLYIL O]
1 N 1 N 1 N 1 — 1 2 1 2 CCN

SIPIUTWN|Y-IL ~,dX Ul SUonngiiuo?) bUjuayIbuans 153110




L A A R VYRR Y | P27

IVip-11 Ul gy
#0 suoypjoel} ewnjoa yby oy paureurew bujoeds e/ol14edieu; o) y1Bueuys jo uone|e1or) .

- (A2 -5Y)

60 L0 S0 €0 P.ac.o
2RI %A 0S + IVLb-11 . _ . _ . . .
L 4 0L
L B1ep snojae.d woJj suj| iy 1seq jo uojsu9x3y )

101084 Bulusyibuains

+___.¥ CE1L %A 0S + IvLb-11
5 +i ! ZHIL %A OF + IVLb-|1 passesoid w/d 10

A 1 " 1 M 1 A




VXA TIMIOS A 54 4 2700 |

08 09

(%) Bwiwiey Arewiid
ov

00

80

6°0

(%) uoneBuol3z siseld




WAL LJIMYW NI LYW

(%) swiwey Arewpd

1 N 1

004

0SL

(edw) yiBuans ploIA




AN I N A

(%) ewwen Arewtig
08 09 ov (114 0

- 0T€

; 114
(BX 01 / pruseihd s19%91A)

ewwes pIojd8INaoiqd SA SSaupieH

A

(B3 01/dA) ssaupieH




sinoy ur 9,518 e awi) ainsodxy

001 o] L 0
A3 4.2 2 2 " Lo s s a4 4 " 2 Ls a4 2 2 4 " " \\llo
L g
[ 01
paxejnbe Ajjn4 . =
L G1L Z
5
[+}]
f 3]
/ - 02

lejjowe) Ajn4 - [ Se

- L og
_ CHIL %IOA £ + AS-IVSH-IL

9IN10N1}SOJDIP JO UOIdUNS € §8 sSauybno| ainjdoeij

)




AN FR L TR VW &1 O

(lenbe
Buieq seinjee; [BJN1ONIISOIO1W 19410 |8) deesd eno.dwy sjuewadlojujey -

dee.o | eBeis pajeadal pus 0218 uieif euyj L1eA uj synsel ETHEENTT) ‘
wuonezijjeisAioas ojweuip, --100d Ajeinopued Jejjewe pawuiojeq -

paxeinbe o} Jouedns seinoniisolow sejjewe -

@ouepuedep ez|s ujeib Buong



$Inoy ul 9,518 1 awll ainsodxy

001 018 3 0

Laa 2 ¢ 3 4 " N | BT T M a2 \\lro

pexejnba Ajng - Ol

X
&= Jlllm./lo\\\\\\\ﬂu-ll,u N..n.
Le1
v .
[+ )
L. 3]
’I*/J“I//ﬂ/t,om
tejjewey Ajjn4 - rse
| [
\ 0ot

y CHIL %IOA L + AE-IVSH-IL

2IN1ONAISOIJI JO UONdUN] € SB §Sauybno] ainjoei]

)




LA TIM N Afs o 2700

(subisftl) 1019umQ 1ueieAinby
001 56 06 S8 08 SL 0L §9 09 §G 0 &V O &€ OC 4T 02 §1 01 &0 00

....... e g ML

- 02 ¢

- OF m

. (S14YsSes / 19% 01) L 09 m
wiiGL'L = uonereq piepuelg 4.52p1 18 desuD pue :

wr G8°| = Je18we|q Jusjeainby (S1Y G/ 4.0€81 + 814 91 / 4,0022) - 08
8o1L1By oBeleAY jueuijeel] 1ee Buimojjo4 -
- 001

(suosdjw) 1010ure;q tuejeainba
001 96 06 §'8 08 §L 0L 99 09 ' 0§ SV 0OY §C OC §2 0T §1 1 §9 00

i T s SN N SN e

wri g6'0 = uopereq piepuels
wr g7°| = 1ejewe|q Juejeainby
e|o{lied ebeiony uofiipuo) pepniix3-sy [

<~

Q1L %I0A L + AZVEP-L W) :
1ejewue|q JuejeAinb] Aq seZ|S 8[o118d JO UOIINGINSIQ !

. SUO|1|PUOD 89]AI8S 1epun AlljIqeIS ejonIeg Cg1)




wrl ‘ez ujesy) ey

00} ol i
T T Y - r—rr—t—t— + T Q-QF
1,
3 8
lQ.O—v p
<
wn
o &
(1]
2 O i, 0L 2
| & .
T
] oo )
-
] o
edWpe O << 1+ 0t 5
edwes 0O ]
edwuseer V “.
P N Les Lm.o—.

o

b (Pexejnb3 / ejejnopied) zgyy on 4 + IvLip-I1

IVip-1L

P

uoneuriojeg daaiy Juspuadag-azis uie IT3)



SsaLew Jejiawe| uy uonejndod uonesosip aAIsudixe-aiow e Jo Juswdojanep sisefifing .

BN ‘ssonS jepjuj

0se 002 0Si 0oL o.nc.o
: O—. \ OOOON—. m:—a ummh°H— T T T g T Y t g v T r + T r T Y T Y T
Y B ~O—
paxeinbg pexeinbg 1
- 41¢0
1
lusuneal] jesy snid pabio4 10 jse) - : 1 b0
lejjawe-y i ]
- 4 9°0
X - ;
18q14 Moys 8 (AN'IL) %A £ + GNZ-IVep-iL .
lejjewen v "
dendnIed Il %A L + AZ-IV8Y-IL . -9 —§— {180
. o ,
pabio4 pue ise) Juswisanuy
2 P A 2 | I T W S BT S c. —.

\

uonewiojsq dsoig Tuspuadag-xinepy

% ‘alels Apeals jo jesuQ e uledis




BdiN ‘ssallg [enyuj

0001 00l 0l
s OL
- . 0L
1ejjpwe / reqi4
3 1,. 01
paxeinb3 / 1aqiy .
F
lejjawe / ajenofiey
t
paxeinb3 ; sjeinoyiey _ 2,008 ]
w.r[.. P Lo Laos s " N n.oP

4

U/ ‘srey deau) sjeis Apeals

WNELD 162

Hjsueq whuwixew m._ou_>oa Xjew sefeurey uy 18qi4

Y ‘ewy
00z 091 o021 08 ov 0

T Y T X T T o.c

i G0
[ W
- o't w.
18)j6we / J0q)4 =1
| g1 2

paxeinb3 / teqi4
. {10¢

1e|jewe] / 8leNopI8y

pexeinb3 / e1enopiey

4 1 A |

BdW 8€1 / 0,008

14

»

(1eq14 11oys) g% (AN'IL) %A £ + GNZ-Iveb-IL

(a1Inojued) Zgip %A £ + AZ-IV8b-1L




¢(@p‘dyy) =

M 0S€ - 00E =

eIERD N

1661 .._,w 10 [yseyexe
6861 |8 10 edwey
‘1861 “|B 10 upiepy :|yiL 104 ,

V ‘lueisuc) eimonng z(P/q) ty=
129 ‘ABisug uopieApoy M 0S€E - 00€ ~
u queuodx3y ssesg p-¢=~ _




May 1, 1996

Joint EOARD / IRC International Workshop
on
Gamma Aluminide Alloy Technology

Preliminary results on point defects, atomic mobility
~ 7 and creep in model TiAl compounds

Centre d’Etudes de Chimie Métallurgique (C.N.R.S.)

Address: 15, rue Georges Urbain, 94407 Vitry-sur-Seine Cedex, France
Phone : + 33.1.46 87 35 93 .

Fax : + 33.1.46 75 04 33

Telex : 265 586 F

Types of properties: investigated

* Vacancy properties
From recovery of irradiation-produced vacancies

* Atomic mobility
From kinetics of atomic order variations
atomistic mechanism: controlied by vacancy
concentration and vacancy migration

* High temperature deformation (creep)
- Connected with dislocation climb:
directly controlled by self-diffusion,
i.e. atomic mobility




MATERIALS

1) High purity and commercial purity binary alloys,
prepared from high purity or commercial purity Ti and Al
Composition: Tiq-xAlx with x = 48-50-51.5-53-54.5-56 at%

Processing route
> Levitation melting and drop casting + remelting on cooled
copper boat and directional solidification

Impurity determination in starting materials:
by activation analysis
Metallic impurities: neutron irradtiation

Oxygen: charged particle (3He ions) irradiation
Impurity content (wt ppm)
Metal Commercial Purity High Purity
Titanium | Ti 40 (sponge) Ti VA31
N (refined by iodide process)
O = 2500 + 200 0 = 27
typical:
Fe = 100 to 1100 Fe = 107
Si= 50to 100 Zr= 95
Aluminium | Al6174 (double-electrolysis)| Al H3GS67 (zone refined)
Fe = 3.3
Mg= 17 Total < 1
Si =120
Zn = 8

2) Quaternary alloy: Ti4gAl4gNb2Mn2 (CEASI), for creep
tests

- ..\

Processing route: plasma casting + melting on cooled
copper boat and directional solidification.

T s L



MATERIALS CHARACTERIZATION

Chemical

Bulk concentrations

Determined by Atomic Emission Spectroscopy (ICP - AES)

-

In high-purity binary TiAl alloys: 50 - 56 at% Al:
bulk concentrations consistent with nominal composition
(deviations < 0.3 at%, usually 0.1 at%)

Homogeneity * )

Characterized by local X-ray emission (SEM - EDX)

* Al-rich binary TiAl alloys, 50 - 56 at% Al
(homogenized 24 h at 1125 °C)

Ti-56 at% Al is homogeneous
(instrumental standard deviation = 0.25 at%)

less Al-concentrated alloys: some residual heterogeneity
(standard deviation of concentration = 0.5 to 1.4 at%)

* Ti-48 at% Al alloys ( high purity and commercial purity) and
TiggAl4gNboMno:

concentration fluctuations (after directional solidification)

in TiggAlagNboMno.
- Ti is fairly homogeneous
Al fluctuations of amplitude typically = 2 at%
Nb and Mn: fluctuations anti-correlated to those of Al




MATERIALS CHARACTERIZATION

Structure

Methods:

Optical, SEM, TEM observations, X-Ray diffraction

-

Results

* Al-rich binary alloys 50-56 at% Al,
homogenized 24 h at 1125°C: :

single phase ¥, eqdiaxed grains

(in the Ti-50at%Al, presence of a very small amount of

Y lamellae and a2 particles)

- Ti-48at% Al (high purity and commercial purity),
Ti48-Al48-Nb2-Mn2
(after directional solidification)

- large grains of lamellary + a2 structure, elongated in

the direction of solidification



1. VACANCY MIGRATION
Experimental

Materials: single-phase y TiAl

tHomogenized high purity alloys
composition: 50 to 54.5 at% Al

Production of point defects
low temperature (21 K) ‘irradiationL with 2.5 MeV electrons
Defect elimination
investigated by | ,
residual electrical resistivity measurements,

during isochropal anneals
at increasing temperatures, in range 21 K - 800 K



1. Vacancy migration

Recovery of low-temperature electron-irradiated
high-purity single-phase 7y TiAl alloys

—o—Ti,. Al

0,8 n 455" 54,5
- — TigoAly, .
0.6 - v ' -
-
L i . -
g .
..q 0,4 - - -
0,2 - -
hata®a%ad

PN IR B B RN R
0 100 200 300 400 500 600 700 800
T(K)

b

Al

0,5 Ti45,5

s45 —o——TlsoAl50

b)

-(dp/dT)/Ap, (102K)

1 FARNEENS SRR TR AT AU NN SV N S S S N
0 100 200 300 400 500 600 700 800

7 . ~T(K)




1. Vacancy migration

Results
2 main recovery stages, at = 80 K and at = 440 to 510 K

- 'Staige I assigned to close-pair recombination and
self-interstitial migration
position nearly independent of alloy composition

» Stage Il assigned to vacancy migration
(to be .confirmed by positron lifetime
measurements)
shifted to higher temperature
in alloys with higher Al content

Conclusion
»
Vacancy mobility decreases

when Al concentration increases



2. ATOMIC MOBILITY

Materials: single-phase 7y TiAl

Homogenized high purity alloys
composition: 50 to 56 at% Al

Method

Analysis of atomic order changes resulting from heat treatments
(monitored by residual electrical resistivity measurements)

&

Qualitative data:
from isochronal annealing curves

Quantitative determination of characteristic parameters
(jump frequencies, activation enthalpies)
from kinetics of atomic order relaxation

. . 3
Typical isochronal curve
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COMPOSITION DEPENDENCE OF ATOMIC MOBILITY AND
VACANCY PROPERTIES

When Al concentration increases,

* Atomic mobility (i.e. atomic jump frequency: v at)

-

increases
(consistent with results of Oikawa et al. (1992)
creep rate increases with off-stoichiometry)
* Vacancy mobility (i.é. vacancy j‘ump frequency: vv)
decreases
* Consequently, vacancy concentration cy appears
dependent on TiAl composition. Since
vat ~ Cv.vy,
Cy increases *with increasing Al content
(in agreement with vacancy formation enthalpy
calculations of Badura and Schaefer, 1993)




3. CREEP

Materials: two-phase Ti-48 at% Al alloys

High purity binary Ti-48 at% Al alloy
Commercial purity binary Ti-48 at% Al alloy
Quaternary TisgAl4gNboMny alloy (CEASI)

._Processed by melting on water-cooled copper boat and
directional solidification

Microstructure in all 3 alloys,
large elongated grains of lamellar y + a2 structure

Creep tests at 800 .°C‘_
under high vacuum
compressive stress = 260 MPa
Results
Stationary creep .

* in commercial binary and quaternary alloys,

Ccreep rates are: similar
(consistent with results of Hayes and McQuay, 1994)

duration of stationary creep shorter in quaternary than
in commercial purity binary alloy

* in high purity binary alloy,
rate is one order of magnitude larger
Possible mechanism . ..

Impurity (oxygen ?) strengthening of y phase
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R&D Programme on Evaluation and Minimisation of
Compositional Variations in PACH Melted Titanium
Aluminides.

. Microstructural and SEM studies to determine
the extent of variation in local solidification
conditions and to ascertain the levels of micro-

segregation.

«  Development of quantitative chemical analysis
procedures (GD-OES) for assessing the levels
and the spatial variations in alloy composmon
across the ingot.

*  Macrostructural and analytical studies to
determine the correlations between process
parameters, macrostructural development and
macro-segregation.

*  The development of process monitoring and
control procedures to minimise periodic and /
or random variations in melting and casting
conditions.
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Microstructural and SEM Studies

Objectives:

To determine the effects of process conditions
on local solidification time and the extent of micro-
segregation.

Experimental:

«  Grain orientation measurements to determine
the depth and shape of the melt pool and its
variation with casting conditions.

«  SDAS measurements to determine the extent
of variation in local solidification time.

«  Vertical float zoning to simulate the effects of
different solidification rates on SDAS and

solute partitioning.

«  EDX studies to determine the effects of
different solidification and casting conditions
on micro-segregation.



SIPLY-PHA) (3pm)
AUWno)-paio) JBuwnjo) auo0Z 1Y) pexujnby

ANT-UNTTVSP-LL PPN
HDVd Uf PIAIEGQ SIINIINISOIIJA] / 01BN




150

—
[
o

Distance (jum)
& 38

(Aluminium)
180 PCI X 3 X .3 X 2w edat MR X XX X X X % X H0000K X 3 X X X 3

XXX X 4 X X XX X X X XX X X
xXxx XXX XX XXX X X]

xxX XXXXXXXXX X!
XXX MXXXXXXX XX XXX
XXXXXXXXXX XXX XX X]
X Xug X3 X X 30X X1

150

X X0 X

XXX XXX

120 ~ s

i T
0 30 60 50 120 150 180
Distance (tm)

(Niobium)

180

150

120

90 —%

60 ©0 120 30 18

Distance (1Lm)

Optical micrograph and EDX analysis plots showing the spatial
variagons in Al. Mn and Nb within the columnar / dendritic region
of PACH melted Ti-<8AI-2Mn-2Nb.
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EDX profiles showing compositional variations across the secondary dendrite
arms of a hexagonal dendrite observed in float zone melted Ti-48Al-
2Mn-2Nb (sample number B1 / Zoning Rate = 0.08 mm/s).
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EDX data showing correlations between Al, Nb and Mn
segregation in float zoned Ti-48 Al-2Mn-2Nb alloy.
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Glow Discharge Optical Emission Spectrometry

Problems:

Assumes that the intensity of an element x of

concentration Cy is linearly dependent on the emission
yield ky and the sputter rate q. Problems arise in that the
sputter rate is matrix dependent and the emission yield is
dependent on all three lamp parameters (voltage, current
and argon flow rate). These parameters are not separately

variable.

Experimental:

Production of chemically homogeneous
samples with varying alloy contents for the
determination of calibration curves.

Operational studies to determine voltage,
current, flow rate correlation's and the effects
on emission yield.

Determination of sputter rate variations as a
function of operating conditions and matrix
composition. '

Determination of optimum operating
conditions and calibration procedures.
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Crater depth measurement data showing possible correlations between
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GD-OES calibration curves for Aluminium in Titanium and Titanium / Aluminium alloys showing
the effects of variations in Argon flow rate. Excitation voitage and lamp current were controlled
so as to maintain a constant applied power of approximately 40 watts.
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Macrostructural and Analytical Studies

Objectives:

To determine the effects process parameters,

and in particular the role of tramsient variations in
melting and casting conditions, on macrostructural
development and macro-segregation in PACH melted
Titanium Aluminide.

Operational Parameters:

The frequency and rate of transfer of liquid
metal between the hearth and the crucible.

The height, trajectory and power of the
crucible and hearth torches.

The rate of delivery of the feedstock to the
hearth.

The rate of ingot withdrawal from the crucible
and the extent of mould oscillation.

The ingot top position and the level of liquid
metal within the crucible.

The extent of electro-magnetic stirring.
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Process Monitoring and Control

Casting rate control through in process
monitoring of the level of liquid metal in the
crucible and the control of ingot withdrawal
and the rate of delivery of the feed-stock to the

hearth.

Temperature distribution within the hearth and

crucible through thermal imaging and the
associated control of toirch trajectories and

operating parameters.

Optimisation of stir coil design and operational
parameters.




Plasma Melting

Process Control
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Conclusions

Despite partition coefficients close to unity (C/Co =
0.94 -1.05) TiAl based alloys exhibit hi gh levels of
inter-dendritic segregation, primarily because of the
high Al concentrations.

GD-OES analysis has shown that these levels of
segregation can occur on the macro scale and are )
often typified by the development of alternating

bands of Al enrichment and depletion extending

along the length of the ingot. These features are not
detected using XRF analysis

Macrosegregation patterns observed in cast TiAl
Ingots are retained after forging and have been linked
to problems with cracking during forging and
changes in heat treatment response during subsequent
thermal processing.

Macrosegregation is found to be most severe in
ingots where transient variations in withdrawal rate
are at a maximum.
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