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FOREWORD

This collection of works is dedicated to the physical properties
and the technology of preparation of refractory metals and their metalloid
borides, carbides, nitrates and silicides,

It reports the results of investigations on absorption spectra and
emission spectra of columbium and chromium compounds, the results of
research into the processes of joint co-diffusion of two elements into
metals, the data on the phenomenological study of the physical properties
of the metalloid phases,

The basic principles for production of powders and articles from
rare metals and refractory campounds are examined for the various fields
of contemporary engineering,

The collection includes a number of reports which illuminate
individual problems of the powder metallurgy of ordinary metals and
alloys,

It is intended for engineers, scientists, students of polytechnical
achools specializing in refractory metals and their compounds, in powder
metallurgy, electronics, mechanical engineering and in the metallurgical
science,



PREFACL

Recently, more and more attention 1s being paid to refractory
metals and heat-stable compounds in connection with their use in the
manufacture of heat-resisting alloys, of special fire-proof hard alloys
for metal working, of corrosion~resistant parts for chemical apparatuses
as well as with their use in electronics, electric engineering, autoe
mation, and so on,

In the USSR, the conditions of obtaining the properties and
applying these groups of metals and compounds were successfully invese
tigated in nany scientific research organizations, engineering bureaus,
factory and school laboratories,

At the Seminar, conducted in Kiev on 13=17 June 1958, the results
of a rathor large bulk of work were expounded, The works were made in
the Institute of Matal Ceramics and Special Alloys of the Academy of
Sciences USSR, the Government Institute of Applied Chemistry (Leningrad),
the Kharkov Polytechnical Institute, the Institute of Metals Physics, the
Sverdlovsk Government University, the All-Union Institute of Aviation
Material, the Central Scientific Research Institute of Ferrous Metallurgy,
the All-Union Scientific Research Institute of Abrasives and Polishing,
the Institute nf Metallurgy of the Academy of Sciences USSR, the All-Union
Scientific Researc™ Institute of Fuel Recovery, the Scientific Research
Institute of the Government Committee of Radio Engineering and Electronics,
the Moskva Combine of Hard Alloys, thc Gor'skly Polytechnical Institute,
the Moskva Electric Lamp Factory,

The editorial board was unanimous in considering # proper to
publish in the present collection that part of the Seminarts material
which pertains to the physical propertics and crystal siructure of the
electronic arrangement of refractory campounds, since this part is
interesting in itself, and includes a few theoretical questions of

major importance,



PRYSICAL PROPERTIES 6!‘ METALLOID CO:POUND]
V. S.Neshpor:
Institute ol Metal Caramine
and Snecial Alloys,
AR USSR

T™he metallo’d comoounds iacl.de boriiesg,carbides,nitrides
and silicides of the transition mstals(wlith closed electronic 4.
and f-levels),

The criteria of metallcid comnecunds are:

1) hish degree of hardnres reaching 300 kg/mma;

2) matallic shine and in the majarity ,metallic conductivity,
&t leuast at norval teimerature;

3) bigh degree of thermal stability; as a rule,the melting or
dlesncintion termeratures of thrase coupourds are very high(un to
35000C) ,and frequently above the melting tetperatures of the most
refractory metnls and oxides;

4) brittlencss and abasncze of plastic deformation nt a ten.

perature in the ordrr of 0.86 « 0.95 Tyeqe.



Coveted Cnsndstry »f Matallold Comp-unds -

According to structure,the metalloid ocompounds can be divided
into two kinds,

The first group includes the intrusion structures with closely
packed metal atoms, i.e,, the carbldes and nitrides of the transition
metals subjected to the law of Bigg:

Pyt r“.sg 0,59
wvhere rx and Tye AX® the corresponding atomis radii of the metallold
and the metallic components.

In these compounds, the metalloid atoms are located in the in.
tersticas of the cudic or hexagonal close-pack of metal atoms, and
they do not form donds with each other., The bonde between the atons
of metal and metallold bear s directional character which conditions
high-grade hardness and brittleness of the compounds, and they have
an octahedral oconfiguration to which the hybridisation of the bond.
ing dpepy orbitals correspond /1), Hers, the d-electrons of the met-
al participate in the creation of the dond. This causes a decreases
in megnetic susceptidility and a change in electric conductivity of
the metals at the formation of metalloid compounds /2]. The maximum
electric density (electron density) in the bond directions 1s here
sonmevhat dislocated sideward to the metal atoms, owing to the incom-
plete structure of their d-shell and,consequently, to an incomlete
shielding of the nuclear charge by the electrons of this .hell[?.t].

The dexree of dislocation nf the electron cloud depends also
d

.
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upen the strength of the metellold ;1éctroao bond, 1,0,, to & firet i
approximation upon ite lonising potential, being Aiminished with the
{increase of the latter, Sinse the ionisation potentiel of nitrogen in
higher than that of carbon, the dlslocation 0f the electron cloud to
the metallic atome s less in the Ma - N donis than in the Me - €
bonde. It 18 poesible that, owing to ita considerabiie electronegat.
ivity, which brinfe the nitrides closa to the oxi'‘es, in the first
case the eleatrzn cloud {e even dislocated toward the nirrogen,

On Mg.l we Indicated the smission wpectre 0f the X-geries

of titanius 1n T0, M¥,TiC,THH, and T /37
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Yig.)l, Enireion apectra of the K.series of titanium
in 710, and metallotd compounds.

{(Absciusm: o7 = elactron volte)
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It can bde seen that to the extent of the electronegativity and

1

the ioniting potential of the metalloid, the long-wave constituent of
the K(g pline is gradually strengthened with the latter, and 1t disap.
pears in titanium hydride and metallic titanium, which probabdly is re-
lated to the gradual translation of the density maximum of electron
cloud in the above guoted series of compounds to tlie metal, and also
related to an increase in the density of tha occupied states in tre
d-band of the metal, but the latter reduces the prodability of pattern.
less transitions, In the Me -~ X bonds, not all electrons of the two
components are apparently occupied, which conditions the presence of
free electric.ourrent carriers, and the metallic conduct:viiy of

tre intruaion phases,

The second type of metallold compounds includes compounds with
more complicated structure in which,parallel with the Me - X bdonds,
there are btonds between the metalloid atoms themgelves, The poesidie
11ty of the formation of such structures requires a sutual overlan
of the bonting orbits of metallold atora, and it depends upon the
relative sizes of the matal and metalloid atoms and upon the ease of
excitation of the metalloid valency states.

The tendency toward the formation of complicated structures
increases in thie order: -. nitrides, carbides, borides, and sili.
cides,

The carbides of ccrplex structures are formed in case of



ry § ru.> 0.69 (ehromivm, mangancee, elements of the iron triad).
The borides and silicides do not form simple intrusion struc.
turas at any value of T ify,. In these phages, 2> the extent of the
pmetalloid content, the sround of the metalioid bonds 19 intensified,
and single mnd doudle chains, two-dimenstonal grics, and three.dimen.

sicnal structural frames appear in the lattice, formed by setalloid

bonde with one another, which can be seen on Fig.2.

NMB
Pig.2.Diagram of tre mutuel donds cf boron with borides
of different comdeition,
(Letters at bottom: &,b,v,8...indicating a,b,c &)
In the malcrity of cases, the diatance X « X 10 clove to
the doubled common covelent radius of the retallofd atoms, Avpar..
the Me - X bonds in all metalloic compounce are close by

ently,
narura, which results in & quslitative similerity of their physic-

al properties,



Electrophysical Properties

The alectrcaic structure of the metulloid compounds is the most
clearly refleoted in their elerotrophysical properties, G.V.Sanconav[@}
observed that the electric resistance of the transition metels regul.
arly increuces with the increase of the accentor cavacity of the matsl
ators (Fig.3). The latter cAn be evaluated to a firet an.roxization
by the eriterion

§=lﬂm
vhere N,,.is the main quantum number of the pariially filled d.ehell;
G...i9 the number of d.electrons, The significance of magnitude E
(Greek x) is therein that the small N and n are, i,e,, the larger E
becomes, the less tre shielling 1o of the nuclear charge of the met-
al atom, and the more the atomic core is avle to act as an acceotor

of supclementary electrons /6/.

a8 Q2 rm

F1g.3. Relation of slectric resi‘stance of transition
metals to their acceptor cavacity(: ).
(On ordinata: r micro-ohm cm),



Increase iu the acceptor canacity leads to supnlerentary elec.
tron scattering at tha lattice points occupied by the transition met.
al atcns, and consequently to an increase in slectric resietance, Com.
parison of the value of electric resistance of the metalloid compounds
vith the magnitude I’, of the metals shows (Fig.4) that the ree!stan.
oas Of boriles,carbides and nitrides regularly decrease with the in.

crease of the noul'oz .

Fig.4.elation of electric resistance of metalloid coma
pounds to the accertor capacity(% ) of the metal
corponents: ...borides; o...carbide; x,..nitride,

(On oriinata: r micro~ohx cm)
This tendency is aleo observed for silicides,but 1t is leas oclearly
oiprcasod. The cause of such a relationship is given by the follow-

ing. The increase in the acceptor capacity of metal atcms leads to
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greater dirlooation of the electron cloud in the Me « X bond direc.
ticns toward the metal atcm corsas, whioh provokes a statistical de-
crease in the electron defect of their d.shell; consequently,its ac-
ceptor oapacity and the ecattering effect upon the conductivity elec.
trons decreases, The la. or in ite turn lesds to a reduction in eleo.
tric resistance., The strength of interatomic bonding in the metalloid
conpourds alsc happens tc increase,as it will de indiceted below. Con-
sequently,ths effective oross-eection of the phonons{lattice-vibre-
tion quonta) is reduced which seem to de also a source of the ecat-
tering conductivity electrons. Due to this, with the srowih of EV a
reduction in the electric resistance of metalloid corpounds ocours
sharply,

Tor the hexaborides of fd. transitional metals with s 0036
type of structure, the growth in electric resistance was found to
run parallel with the enlargement of the atomic numdber of the matal.
1ic copponert in the series LaB; - CaBg - ...8mBg, which is related
to the reduction in effective ~oncentration of the current's car-
rirrs( the free electrons),as a result of the elevation of the stabd-
113ty of the (4f).state in this series and the difficulties of the
-9 & transition [28,29_].

Jointly with N.V,Kolomoite, G.V,Samsonov, and $,A,Sexenko.
vich [%).ve have investigated the trermal relatioa of electiric re.

sistarce of a number of metalloid compounde(Fig.5 - 8), The draw-
[

2



rincn pake 1t clear that for borides and curbides, the metallic con.
ductivity corresponds at all the ervamined terperature intervale, and
their resistance linearly increases with the termersture, which points
to an independence of the number of the current's ocarriers from the
temperature [é) and to a sufficiently full overlapping of the band of

valency electrons with the dband of conductivity,

3 ’
ﬁ:F: f;jﬂc g ‘:1:
&

)
2 ‘ ] Vs,
g?J g I . ]
< «m“ | | a2
T =P
e
il X
Tz, 8. Temoerature relation of Fig.6.Temperature relation of
electric resistance of carbdides, resistance in v:rides,
(Crtinata: r micro.chm cm), (Crédinata: r W,By microohm

on),
Siliaides and nitrides only show sirilar character of conductivity
at definite temperatures adove which the dependence of their resist-
ance upon temperature diminishes, which can be related only toc a
change in the mechanism of conductivity,eince,at the examined tem.
peraturs range [37, no phasic transformations are observed for these

suketanceas,

)
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Mg.7.Tenperature relation of Tig. 8, Tomperature relation of
electric resistance of ni. electric resistance of sili.
trides, cides.
(Ordinata: r microokm om) (Ordinata: r microohm cm),

The reduction in resistance with the temperature growth i
related to a noticeable increase in the number of the current's car-
riers under the influence of warring.vp, which is characterietic for
senicnnductors [@]. The causs of change in the conductivity mechan.
fsx in case of the examined silicides and nitrides® is sprarently
found in a slight overlapping of the energy bands of the valeancy and
conductivity electrons,which at increased temperature ocsuses the ap-
pesrance of energy gaps between them,as a result of the increase
of interlaminar distances in the crystals. An analogous relation of
resintance tc terperature wus detected dy L.N.Ousev and V,I,Ovechkin

for chromium disilicide [?Q].

- a2 -



d *([rorz: Yor titantum nitride, s deviation of the thersal

relation of resistance from linearity was onli detected. Apparently,
the termperature obtained by us is not enough to mio a divergence of
the valency and conductivity sones .)

In this sanner, the borides and carbides of traneition metals
mst belong to metal-type substances with niitcnthl overlapping of
the bands of the valency and conductivity elestrons, while the ni -
trides and silicides apparently delong to semimetale with a slight
overlar of these dands, |

The thermoelectromotive force arising in the metalloid com.
pounds is not large, reaching the order of a few dozen ucrovolu.
by grade, 1.e,, 1t has the same order as alsc in case of metals
(11.12). some s1ltcides (Cri, (1], MnSi and Test, [13,14)) are
excluded, Their thermoelectromotive force has the order of 10° ami.
cro-¥/%C, which emphasises their intermediate position between met-
als and semi.conductors, With the elevation of temperature, the
thermoelectromotive force of bdorides,nitrides,and silicides 4s 1=
oreased (Fig.9 - 1C), which points to the vacancy character of
their onnductivity (¥dn /4T ), and for the carbides it decreases,
which corresponds with the elactron.type conductivity (- dn /4T)
[7].Rera the « designates tha thermoelectromotive force for 1°I.

Together with Samsonov and Kudinteev,we investigated the
thermoemission parametars of the borides and transition uhloﬁ.b].

L It wvas shown that the work functioa of mlectrons from d-transition |

- 13 -



{e

a1 aixs/T _ 7 ")
- =t o0

' e =
0 . 2K

-®-

JERS ,

74g.9.Temperature relation of the tharscelectromotive
force of ocardides and dorides.
(At top,left: microvoli/°0; at top right: Wb
OQMII 0'5).

i

« 0% el
\

-

X

P1g.10, Temperature relation of thermoslectromotive
force of nitrides and eilicides,
(On ordinata: mtorovelt/°C),
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metals decrenses with the growth of the accepta capacity( 1,e,,with

the reduction of the degree of shielding) of their atome (¥ig.ll).This

(4
o N
L]
Tig.11, Relation of the work function of electrons from
transition metals to the acceptor capacity (t).
(Ordinata: work function).

is related to the grovth of the perturbation effect of atomic cores
upon electron conductivity,and thus to an elevation of the level of
the chemical potential, On the contrary, for the borides of the
d-transition metale, as it can de seen on Fig.1l2, the work function
of electrons increases with th; growth of the acceptor capecity of
the d-shell of metal atems, which -- as it was already indicated ad-
ove -- is related to the rise in the degree of dislocation of the
slectron cloud of binding toward the atomic cores of metal, alsn re.

lated to the stntistical filling of the d-state with these electrons.

L The latter leads to a lowering of the chemiocal potential of elec -

- 15 -



rtron- in the boride lattieon.uhich_io manifested by an increase in

the work function of electrons,

& a' a,

¥ig.12. Relation of work function of electrons of bor-
idgu of transition metals to the acceptor capacity
(% ) of the metals.
(Crdinnta:\?.sb; on graok: ¥b = Cb)
G.A.Xudintsev and V,N.Tsarev [27] established that the work
function of electrons from the hexaborides of the rare-earth(fd-
-transitional) metals is almost monotonously growing from Lnne to
BuBig,and in case of 0dBg i¢ has a clearly evpressed minimum, then
again it increases toward DyBs, and further on,it drope smocthly
from DyBg toward xnss. As in case of the electric conductivity,too,
this Telation is connected with the f~> 4 transition's prodadili.

ty /28/.
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Interatomic intersction energy and the bond strength

in metalloid oompounds

The high-grade hardness,the heat resistance,and the chemical
resistance of metalloid compounds prove the considerable strength of
bondings between the atoms in crystals,

6.A.Semeoncv and the suthor (16,17,28) have computed the in-
teratoaic interaction power according to the method proposed by 1.8,
Sarkisov /18], and also the Dedye characteristic temperaturs and the
amplitude of the atomic thermal vidrations according to the data of
experiments and literature on the thermal exvansion coefficients by
the method sugrested by the author EO] The obdtained resulte are
in the Table,

At oonsidering the changes in interatomic interaction energy
in case of transition froa one metalloid compound to another, and the
changes of the physical proverties of these compounds also, it 1s
sasy tc see that the interatomic interaction energy and the physioal
characteristics, indirectly connacted with this quantity (hardness,
characteristic temperature) are lovered at transition from a compound
of titaniun to a compound of tantalum and wolframium (Fig.13),

The interatonlc interaction energy of borides does not change
here monntonously, in distinection from the cardides and nitrides,
which is related to the marked heterodesmia of the orystal structure

of borides. Buch a nature of regularity in the change of interatomic
d

- 17 -



7ig.13, Change o2 eneryy of the Me = X bond witn the
change of the position of the metallic cormonents
in the pericdic system:wg=s- carbiies; «.~u- dor.
1des; g » nitrides,
(Ordinata; Pnergy of une metal-metalloid bdond,
kgonl /mol, Abscissa: Atculc numder of transi.
tion metal).
interaction encrgy convinciigly indisates that the unfilled d-ehell
of the metal atons playe & dacisive role in the struciure of nmetal.
1514 compounds,
An increase in tho degree of shielding( or a reduction ir
the acceptny capacity) at transition from the top to ths bottsn
elements in tha groups 27 the verisdic system, or gererally at a

L equence along the saries L =« Va Or « 2r o Cb =« Mo & Kf o Ta - W,

- 438 -
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leads t0 an increase in the electron energy in the He . X donds, and

80 to a loosening of this bond,which is expressed dy a reduantion in
interatonic interaction energy.

On Fig.14, we publish the graphes of change in the bonding en.
orgy, the characteristic temperature and the frequency of atomic vi-
brations in carbides, in relation to the oriterion of the acceptor
capacity E of the metals,

Although this relation does not seem to be monotonous, yet the
tendency toward an elevation of the bonding atrength with the growth
of § 1s rather clearly expressed. The symbasic change in the calcu-
lated values of dond energy and in the characteristice of the tenm.

Pig.14. Relation of bond energy,hardness,characteristioe
temperature and frequency of atomic vidbrations in car.
bdides to the acceptor canacity() of the metals,

(Ordinata; kgoal/mol; right v!rucsl line or sec-
ond ordinata; om x 1012 ,eec~?),

19 .
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peratire and the frequency of vibrations, extracted from exverimental

quantities, oalls attention upon itself,

The energy of the Me . X bonding in carbides and nitrides,
which have gimle interstitial intrusion structure, has a roughly
1dentical value whereas ip the borides which are characteriged by a
maried haterodesmia of the bondings these magnitudes are less, which
prodably is caused @0 that part of the valency electrons in the Me - B
bonding is connected with the boran atom,

In eome pudblications [?0.2%].tho atoniration heat is acespnt.
ed an & measure for the strength of bonding in metalloid commounds,
which in ou> oninisn 1 nod correct,since this magnitude reoresens
in ftuelf merely the difference of enthalpy of the componense in
prase and in free state of @ monatomic gac, and 1t does not directly
characterisze thes energy of interaction bstween the atonms in a solid
body, From Fig,15 it can be seen that the atimization heat ner one
g-at{gram.atom) of the metalloaid 1s monotonically redaced with the
increass of the metalloid content in phase{the graphs are given for
porides and silicides of molybdaenum), i,e., with the growth of the
ground for metallaild bdondings in the crystals of the compounds,

An exirapolation for a 1l00-ver cent,content of metalloide
gives the heat of their atomization, This 1e pointing to a decrease
in the difference in enthalny ¢f metalloid components at elementary
state, and of metallodd compounds,with increase of the number of

L bondings betwesn the metalloid atoms in phases, -

- 20 -
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Mg. 15, Relation of atonisation heat per 1 geat,of the metal.
loid in borides(l),and silicides(2) of molybdaenum to the
metalloid content in phase,

(Ordinata: atomization heat of metalloid, kgonl/g-at.;
Abscissa: Metalloid ,at,per cent,)

Physico~mechanical characteristics of metallold compounds

The basic laws of the physico-mechanioal properties of metal.
loid compounds have been formulated by the author and 0,V,Samsonov
in the publication E?].

The most characteristic property of the metalloil coiapoundl
seams to be their high.grade hardness(See Table), related to the dir.

ectional character and the high energy strength of the interatomic



rbond'. A® it can Le seen from the .'I‘abln and from ¥ig.18, the mioro.

-hardness of metalloid compeunds decreases with the increase in the

atomlc pumber of the metal comnonants in the groups, and acocording

to the diagonal of the field of the periodic eystem c~cupied dy the

transition metals, wvhich {s related to the reduction of the acceptor

oapacity of the d-ghell of atoms of the trensition matals, On Pig.l4,

the relation is shown between the microharcness of cardides to the

criterion of the acceptor cavaciiy g. It can Ve ceen that the migro.

hardness is growing with the growth of € in "ho sane direction as

the interatomic interaction ent -y and the characteristic temperaturs.
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Fig.18,.Relation of microhardnsss of metallold compounds
to the position of the metal components in the peri-
odic system,

(Ordinata: Fressure, k‘/ma. Absciesa: Atomic
number of transitioz metal.0n disgram: Xb = 0bH),
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Moreover, to a suhstantial degree, the strength of {nteratomie

bond,the microhardness of metalloid oompounds depends upon their orys-
tal structure,

Trom the Table 1t is evident that at transition from the cudic
monocarbides ObC and TaC to hexagonal cardi4es Cb>C and Ta,C there 1is
an increase in hardness, without any regard to the fact that the bond.
ing energy for the K.SO oarhides e less than for the Mel monocartldes.

in this, structure seems to have an effect upon the hardnass,
-= the cubic curbides have two slippege planee; (111) and (J01),
whereas the hexagonal cardides have only one (001)., This makes 4iffi.
cult & plastic deformation, and it {ncreases the hardness of these
carbides,

Apnareatly,.an analogaus phenomenor takes place for the hexa.
gonal divorides of transition metals, By comparing the microturdness
of carbides and dorides of the same metals, it can be seen that in
those cases whare the intaratomic bonding energles of borides and
oarbices are closs to the value (U'.Be / Uyqe 7 0-8) ,in oase of the
dislocation stress of the hexagonal boride lattice whoase rigidity is
also elevated by the chains of boron atoms with each other, difficul.
ties will lead to an overshoot of the harduerss of do.rids above the
hardness of carbdldes,

But in case of Uuonz [ Uyge SO.8, the strustural factor ocan

oC
not compensate for tha weakening of lattice strenath, In this case,the
4

[ad
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hardness of borides shows a substantially lesser hardn:ss than the

corresponding carbides (ZrC and ZrBp; TaC and !.na).

The hardness of the MeSi_, disilicides is considerably less

2
than the hardness of the dorides and carbides, due to both the les-
ser enargy lattlioce strength and the inayr character of ui}uctuxo in
oane of a comparatively weak bonding between the metallic layers (in
comparison with borides) l?%?; vhich facilitater their dislocation
atress,

httention 1s called to the nigh values of the modulus of nor.
mal. elastiolty and of the modulus of dislocation of the metalloid

cotpounds (See Taltle),which corresponds with a greater strength of

interatomic bond,



mergy; and o is the coefficient ¢f expansion,
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with this difference in th;_;laoticity modull of transition
metals and their metalloid commounde,it decreases with the decreases of
the acceptor canucity of the metal atoms,which is caused by the weak-
oning of the interatomic bonding in the compounds,

The matalloid phases are very frag{lo.moroovor their brittle.
ness ie related to the directional character,and to a much grsater -
riridity of the interatomic bonds,which makes it difficult for the
elastic streeses in the material to relax., The author and G.V,Samson-
ov have shown [§S.Q£7 that the tendency of the metalloid compounds to
expand under the effect of elastic and thermal atreeses ie reduced
with the increass of the amplitudes of atomic thermal vidrations in
their crystal lattices, i.e,,with the reduction of the bonding rig.
1dity,

Together with G,V , Samsonov and L.M.Khrenov,we made a detailed
investigation of the microfragility of a larger numder of metalloid
compounds on the PNT-3 anoaratus fer the determination of microhard-
ness [?g]. Moreover, in diffarence from pudblication [5@).1n this
case not only the rate of rise of the degree of breakage (crack)
of impressions was taken (nto acoount with the increase of load, dus
alsn the character of the cracks(See the addresa of V,S.Neshpor af-
ter the report of Frantsevich and Pilyankevich).It was egtablished
that the brittleness of these compounds inoreases in the sequence
of silicide -.boride.-nitride..carvide,wvith increare in the rigid-

ity of the interatcmic bond, -



The results of thie work are in good qualitative agreement
with the results obtained earlier by the method of studying the pack-

ing speed of the powders of hard coanounds upon pressing [23]
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TR 113,,:, AXD I"Bl INIBSION BANDS OF COLUMBIUM IN Cbli, OBC AND Cv3,

M.1.Korsunskiy and Ya,R.Genkin;
Kharikov Polytechnical Institute

Fcr the explanation of the change of wvalency slectrons of ¢0e
lumbiunm at the formation of CbC,CbN and ChB,,we investigated the
enirsion Luepectra of oolumbium.and its 1ndicatad compounds {See Note!

(ﬁkotq]t Specimens for the investigations were given to
us by ¢.V,Samsonov ,)

‘e expound here the preliminary results of the expericents,

Spectra of the L-series of roentgen rays were obtained on a
powerfilly transmitting rcentgen spectrograph according to the meth..
od of Jorann with the aid of a bert quartt orystal (doo 52 4248,02 X)
of a rpdius of R 2 1000 mm,

In the spectrograph,a spacially constructed roentgen fluo-
rescence tudbe was mounted with replaceabdle plates,

Tc get a great intensity of the characteristic radiation of
the matter of the primary plate mirror, the cathode dean was emit.
ted unier a small angle of inclination (about 28°),

During the work of tke tube, the vacuum in the spestrograph

(about 10 - 8 mn Hg) was maintained by N «~ 1000 and MM « 40 . A

L. pumpa, 4



|
The primary and secondary plates were cooled with running water.

The terperature of the secondary plete did not exceed 25°C,

Tre mirror of the primary plate was macde of silver, The fluores.
cent L.orectra of Cb were excited by the characteristic radiation of
the l-series o7 Ag.

In the L-svectre of Cb, the L lines wiil subscrivts 0(1.2,

(”1. (\ (\5. Pa and 'fl a® well as groupe of satellite lines L and
1‘(”1 were obtained .

On FMg.l,the microphotcgram of the regicn of the L.earies of

Cb 1s representeld, including the L emissicn lines with subscripts

P1Pg Paif>z and [2 and the reference 1ine X8,

v Ly,
Comeasumu
Ly,
"' L‘) L“ L"
KoS \
- \— .
Fig.l. (On granh: Satellites),



Caomeaaums

Camearums

Pig.2,
(Russian word on graph:Satellites)

Me.3 ( ¥ = 0b)
On Tig.3,the region of the same svectrum is given between L“
anmt L@l .Anslogous spectrograms were obtained for the I..o‘oriu of Cb
in the compounds CbC,CBN and CbB,.

Trom the comparison of the obtained spectrograme it can be
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o
seen that, at transition of Cb into a compound,different parts of thre

spectrum change, The shape ard the intensity of the iundividual epec.
tral lines and satellite lines changs,
The emirsion bands of Lp 2 and L'x 1 Wwere more thoroughly stud.

{ied.
On Pig.3,eicrophotagranas of spectral regicns L(’;‘ - L(’,z

(at identical scals) of the irdicated compounds and (b were compared.

The times of exposure were 8o selected (for Cb...14 h, for ObC
and CbN,..16 b, ané for CbBp...17 h) that Lf}“ lines were raceived
of identiceal inteneity. )

Te sharr chances in the form and inteneity of band LPz are
alearly seen, In case of pure Cb,it has a normal fornm of s~ectral
line with an asymeatry indsx of a & 1.4, In case of CHC and JbK,it
has the shape of a wide two-humped line. In case of CbBp,it is mark-
¢dly asymmecriczl,with a very gentle drop at the short.wave sida,

For the exact study of thLe character of changes which ocour.
red tc the Lpz band, the microprotograme of pure Cb and of the con.
poundes were oconmbined,

Since the relative inteneitiee of spectral lines changed , the
question arose about the selection of a iine(“reference line") which
should be comdined witk superimpcsition of the microphotograms.

It seemed for us that in the given case the most gppropriate

is to conduct the comparisor by line Lp,;.

]
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1, At the transition from c; to ite oompoundo.oWu oceur in l
tre Joint band NIV’"V'OX of Ob, On thise account, the relative intensi-
ty 4o changed for the lineas which represeant transitions concurrent
with transitions x‘IIﬁRIV.V'CI' Therefore, the lines L,(l.z.n Mg
Lihg and others cannot be used as reference lines,

2 From the non.concurrent transitions Ly—)Mp; ;11 asd
L"'/)Rx,III the L), line itself renresents a transition between the
deevest levels,owing to which it should bde the least adversely influ-
enced by the changes in the outer shell,

Therefore, we corbined the svectra of (b and {te compounds on

line L§4

Mg.4
On Pig.4,the combined region of tre Ipectn‘ot 0b4 - COM 19
presented in the region of the lines 1.(% - (;: ,}\;(0{1 dotted line in-
dicates the contour of the non.coincident regicns of the microvhoto.
graphe of pure Cb; the striping shows the portion of the dand which
“slipped" away from Cb),

[No:s7y The corbination of microphotofraiis at a given

L region of the spectra was oarried out by wiy of selection of theex- -

- 3h -



by

Fposure time,ant not by way of re-calculation for squal intemsity] °
' As it can be seen, in case of Cb and CUN, lines LA . coineile
along their entire ocontour, but line Lpa keeps its form,and slight.
1y differs in regard to inteneity ( adout 7 percent.) |
The changes which occur to band 5?3 have different .charscter,
Band I.Pz of Ob in ObK corrletely enters inte the lower part of the
contour of band L?a of pure Ob, The change of band L5 has the sane
aspoc: as given also on Fig.4, dut without the etriped region,while it A
disappears at the nitride formation,
™is permite to explain the pmoonu,vhich occur at the for.
mation of ObN,by the departure of a part o( the electrons which are
in Fpy.Hy,0; states of the Cbd atoms,
Analogous combinations were alsn nade for the microphotograms

of Cb « CbC and Ob - cbna. The combined regions of thease dands are

shown or Tig.5(the dotted line refers to pure Cb: the siripirg is

ftoaocn Lh
NeC NN TN
- AL - Al
82071 82221
A-m. » /‘\- A - AUN
80258 o, 50258 30252
¥1g.8 (On disgram,Ruseian word: Band; Wb = Cb)
& .|
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Tfor the band parts "siipoed” awvay from columbium).As 4t is seen,in all
examined compounds,the L[”a bands enter into the lower part of the con.
tour f the emission bdand of pure Cb.

In thie manner, in borides and carbdides and nitrides, the change
of the Lpa band has the character of disappearance of a purt of the
erission band, It ie interesting to remark that in the different com.
pounds different regions of the band vaniah, Thus,in case of CvBg,
preferadbly the short.wave part vanishes. In carbide and nitride,prefer.
ably the central part disavvears. |

Since the emission band seems to be ocomplex,expreseing the
states NIV'NV and o,. such changes can attret that,in the 4different
compounds, electrons of different states take prart in 4different ways
in dbonding,

In Tadle 1,the numbers ars given which characterise the chan-

ges of band L(’:z in pure Cb and its compounds,

TARLY 1.
TaGanua 1
zBememo .
r lemr
NbNQ ® o o 0'7'5 o.m
NeC., .. . 0.729 om
NbB, ... 0,685 0,318

(Column heads: 1,..Substanrce; 2(Note): I is equal to the
ratio of the area of I.Pg of the compound and of columbium)



Analogous ghanges cccur aleso in band Lgl. In ig.6,we m‘ourx‘..‘l
the combined L 1 band of the compounds and pure Cb (as in case of
band Lr."z ,the combination alsc was made at iderntical inteneity of

1line L@4).

‘Noroce L,,

o - (T

W -

2703 23645 236246 2371,3 23883 23834 27,8 23685 23826
. Rosoca L,
24082 24813 2657,7 24638 N8 24903 2609 24810 24827
NiC . NN Nes,
Pig.8 (Russian word on dilagrami:Band;
Nb = Cb)

1t can be geer that the change in band L.z‘l is sirilar te the
changes in band LPQ. i.0,, there seems to be a detarture of its va.
rious varts,

In Table 3,we give the numbers which characterize the charge
in band L 61 for pure Cb and its compounds.

The comparison of the alipping part of dande Lpz and I'?(l
18 ales yreeented on Figz.6.

The data of Table 1 and 2 as well as 7ig.8 show that in con
crete substance the changes in bants L{*z and L‘/fl are not entirely

L eimilar, 4



TAZLE 2,

{ Bemeerso " l—r

Nm e & o @ o.m o.a7
NMC. . .. 0,79 0,271
NbB, . . . 0.740 0,260

2 ¢, pasuo orwowewwo niomaaeh

L" CORANNENNS M NNOOHS,

(Column headings: 1...substance; 2,..r is equal to the ratio

nf the area of I"’[l of the compound and of Cb),

This difference seems to result aprarently so that Lpa 1is
caused by transition into the statps 8 1/3.63/3.and 65/3, but for
I‘Fl only by transition into 31/3 and 63/2 .

It should be assumed that the different form of bands I‘PS
and L'él ,in the different compounde of Cb, ie due to the fact that
the snecific weight of states a&‘/z and 4 bz in the coxron dand are
different, )

The specific weight of nutu. ‘G/a and 45/2 in the common
dand can ba limited by the assumption that the part of traneitions
to state 81/3 in emisslon vands Lez and I..rl is small in comparis-
on with d“/z and 65/2(111 the heavier atoms the inteneities of lines
L(iv; and L'b’g form not more than 2 percent, of the intensities of .
lines LD, and Lxl).

In the supposition that the intensitlies of lines L{Sz axd

LLpy and Ligy satiefy the formula:

-3 -
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Ipy 1Py ,5 ¢ 1»81 = 642 z 5,
N=
u./z

where N5/2 is the number of d5/z ztetes; l!;;/z...t.he number of the d3/2

states, from the experinental data fer the ratio cf irtencities of

the LPI and Lgll bande,the ratio of N5/2:)l3/2 can bde determined,

Below ars given the data calculated according to the giver

forzmula of the Ng,/4i¥ ratio, and with our experimental values
/3%3/3

Subtstance Nb=Cb  CbdK CbS  COb3o
N5/28N3/2 2,08 3a.10 2,08 1.90

( [Mots/t Tor the filled levels, “5/2“'3/'2 Z 614, and the
quoted correlation ratio is transformed into the Burger A Dorgel
rule )

Conclusions

1, The lL-series of Cd was investigated in compounds COX,CYtC,
anl CbB.,

2. It was found that while the intensity and the shape of
lines Loty 2 LP]_. L(s4. L(&g and 80 on,changes a little, the in.
tensity and the shape of dande L[, and erl underg” a sharp change.

3. Bands LPZ and L'g‘l of Cb in the compounds are only parts
of the corresponding bands of pure Cdb,

4, The conducted measurements are not accurate enough for

rellable quantitative conclusions; however, undoubtedly in case of

‘_cb.tho devartire of the d-states in compound CbB, is larger than 1

in CbN and CbC,

- 3 -
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Questions and ansvers

8t Yhat conclusions do you make as to ths dond types in oar -
bides,nitrides and borides?

Ya.B,Genkin;: In order to make any conclusions, both compounds
(components) of the system must de thoroughly investigated, In our
case,we examined only the Ob ia the compounds. The second component
and all its propertiss must be also exanined, Any kind of conclusion
can be made only then,

Q.1 How 4o you explain the splitting of the L (bg band of Cb
nitride and cardidet ¥Why does this bdand differ from the band in 4i.
borides?

Ya.B,Gonkin; Ons oarnot say that the x.pz band is split,be-
cause line I'PB does not seem to be a stristly dispersad line,guard-
ing the state of the interanal filled levels, 1t srems to be & oon-'
plicated complex of transitions -- at Mg Ng and 0. Therefore,we can
00t say that it is two separate lines. Splitting can happen if some
information is availadle on the character or energy of this or an -
other line,

Here ,however,vs have a tand, Thersfore, we are forced to
spegkt of 1% as & whols, At successfully selecting the criteria of
the zomdination of the L{}, 4 lines,ve endeavoured with all effort to
male Lt such that the Lp‘ lines should coincide, Then,it was found
‘_thn the edge of bvand L‘b g coinaides with the recesslon of pure Ob

Lo

<
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rlino. Therefore,ve &Y that as a whole the energy of this dand gener- "t

ally é14 not change, It seems to us that we should not say that the
energics of the lines are aifferent( as allegedly the eplitting of the
linag geems to be), Ané 1f the energy rezmained one and the same, then
the probability of a transition is here alse conetant, Only the number
of transitions in the given state has changed, It is interesting that
no kind of edge,i.e., eleotron of an arbitrary energy,elins, but sep.-
arate parts of the band are slipping. This is a proof that thes whole
L(:" 4 band has sones W, N ,0) with overlanping, We can say that these
transitions are already not in columblium,

In the limits of this dard, the O, transitions are little ex-

1
nreased, We are not atle in every case tc dlstinguish them, Therefore
all discussion avout their transitions 1le apnroximative; we cannnt
Juige the splitting with pracision,

There is still thie questioni.. in case of compourds, can the
decrease in the relative intensity of the Llla tand (by comparison
vith pure Cb) be explained only by the decrease in the number of the
free astates?

It seamp 0 ue that partizulariy siace the energy does nct
change, the prodability of transitions does not change either. But
the fact that a pert of the line is eliminated, proves especially

that they are absent,

. ki -
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Discussion on the Report of M, I, Korsunskily and Ya, B, Genldn

r <
A.2.Nextshikoy (Institute of Metals Fhysicse, AN $53R):

Trom our point of view,the following interesting results were
reachal by the discussed work:

1, Yor sil investigated compounds and pure 0b,in the scale of
energine the position of the L@a band remains unchanged,

2. In divoride,carbide and nitride of Cb,the relative 4inten.
esity of the L(’Jz band is leas than in pure Cb,

m.r firet experimental result permitted the authors to announce
for al. compounds the hypothesis on the constancy of prodability of
tranpition from the & and s symmetry levels to the p symreiry level,
PThen,ascording to the formula I(E)NVP().n(B),the reduction of the
inteneity of the L(}, band cav be explained only by the decrease in
the density of the occupied states, i.s,, Dy less nunber of trane.
itions,which gave the right to the mruthors to caloulate the numder of
elecirons at the levels accoording t» the relative inteneity of the
LA, band.

However, in cur opinion,this kind of omlculation does not
determine the veritable position of things, Tie point of matter s
that CUC and CHY have a crystal structure of ihe Nall type, and we
should have here dz-ps-Wbridintion of the wave functions. But the
possibility of hybridised ﬂ-lt.?&! can lead to a change in the

probability of transition from the states which condition the exist.

ence of the Lr'-bud.

L
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Therefore, here the calcul;;lon- of the elmctron number at the-|
states according to the methodnlogy elaborated by the authors, is open
to doubt, Of sourse, the significance of the factor of diminution o?f
the electron nusber at the 4 ard g symnetry levels is by no means be.
l1ittled,the less 80 Decszuse the existence of an ionic covalent type

of tonding can be here surmised.



X=ABSORPTION SPECTRA OF CHROMIUM IN BORIDES,CARBIDES ,NITRIDES AND
SOHZ OTHER CONPOUNDS
S.A.Nemmonov and A,2,Men'.
shikov:
Institute of Metals Physics,
AN SSSR
The 8019 compounds of refractory metals generally, and the
intrusion phases in pariicularly find a wide practical application
in engineering since they are charasterized dv an interesting colles.
tion o; vthysical and chenical properties: -~ high temperature of
melting,great hardness,brittlennss and good eleciric conductivity,
The originality of the oryvetal structures,tl.s complexity of the el.
ectronic structurs,and the character of the interatomic donding for-
ases make these compounds one of the iateresting objects 07 research.
Inepite of a large number of pudlications,vhose review is well
pregented in the monograchs Z?.g7.thc problem adout the character of
interntomic interaction in the intrueion phases continues to remain
obscure,Later, attempts have been made at solving this probles by
the method of roentgen spectroscopy /3 - é].one of the most direct

methods of studying the electron strusture of solid dodies,



r - |
In the presant work,we give the results of study of the nature

of interaction between the atoms of a metal of the transition group
and the metullolds of the first series of Mendeleyev's Table(B,C,N,0).

The continuous chanze of bond type from the metalliokin beryl.
1ides) through the covalent(in carbide) to the ionic(in oxides) was
presented in the pudlications Z?.z}.snd further developed in detail
by G.V.Sameonny [ﬁ].

As object of research,from among the metals of the transition
group, chromium was taken in ite boridoc.carbigol.nltridea and oxides
(C:B.Cr32.9r302.0r703.crzx.orn,craos) and the chemically pure substan-
cen of Crcls,and cr2(804)3.

The borides and carbides wera obtained in the Institute of
Metal Ceramice and Special Alloys of the AN USSR, The nitrides were
obtained by 4iffusion saturation of Cr in ammonia jet by the method.
ology of [9]. Cr,0; was obtained by oxidaticn of electrolyrie Cr at
1000°¢C in free air.

The raeatgen K-edge of Or absorption was inveatigated on a
spectrograph with focussing according to Johaan in the first order
of reflection from plane(l340) of a quarts crystal. As line of com.
parison,the x,‘l line of Je and the Ke{p line o Mn were used, The
linear dispersion was 2,5 XB/mr. The tube worked at 13.13 kV,45-80
nA, The survey's length was 36-.40 hours,

The Cr absorption epectra seemed to be of the greatest com-

L trast at 6.8 ng/em2 absorber density, ¥ot less than three spectira 4

T



T wert mede for each suhatance. - R
Yor all phases investigated Ly us, we messured the magnetic sus-
captibility, The measurement was carried out (by P.G.Radomanov) on
masnetic balunces with a field of 8600 cersteds and at 17°C, Seasalt
was uded ar standard,
e figure(unmumbered) represants the Lssic K.edge of Cr absorp.

tion in the examined sompounds and metallic Cr, Along the abscissa,the

lr

o ©

Pig.(No lagend; on abscissa: electron volts)



ronor‘y(povor) 48 laid out in ov.u.-by pounting from g chosen uro.and.‘
.ionc the ordinate the magnitudes are proportional $0 the absorption |
oootﬁou:;z. ‘

According to Beeman and Priedman [10],the fire region of the
K-absorption spectrum of transition metals with open 3d-shéllu(in par-
ticular, for Or 340 4el) 1o conditioned by transitions of l.s-slec
trons(one~s) into the nnoeoupiod part of the generaliseld 3d.4s bdand
with adnizture of the dp-atate,

The sop curve on the figure illustrates the change of abdsorp-
tion coefficient in the region of the main K.edge of the electrolytic
Or, It can be seen that the first region of absorption does not hava
an arc-tangent-shaped fornm,but 1t possesses a certain kink at Point
C. By analogy with the curves of K.exeitation, obtained dy the iso.
chromatic method of the characteristic spectrum (I1],this Xink oan
be aleo explained by transitions of Cr irto the Jd.state.

And now, the first initisl region of absorption in pure Cr is
conditioned by transitions of K-electrons intc the 3d and 4a dands,
anil 1t exactly reflects the tmnuon.c into those states which un.
deigo changes in relation to the type of the chemical bond, But
sinoe the absorption coefficient itself depends upon the density of
uaocoupied states .nd on the prodability of transition at thease
states,l.e,, I(E)™ P(E)n(E), thesc two factors will influence the
intensity of the initial adsorption,

The experimental curves presented on the figures are arranged 4

N

44



(o

" in such an order that slong the edges the curves are arranced for sub_
stances of different bond types, i.e., Or with metal bond, 0r2(804)3
with ionic bond, From the examination of these curves it follows that
in pure Cr the initial adsorption by intensity ias roughly one half of
the whole absorption discontinuity, while in crz(so‘)a 1t s entirely
net; moreover, the energy position of the A mazimum remsins unchanged.

Consequently, in the given compound of trivalent Cr,the quasi.
atozic 3d-4s levels are consideradly free, However,due to the weak
interaction betwesn the neighdoring crAioal in crz(so‘)s crystal,
the overiavs of 34 and 4e bands with the 4p band are either entirely
adbsent,or very small, Hence,the probability of transition of a K-
«slectron into the 3¢-4e-state ie markedly reduced,which in manifest-.
ed in the disavpearance of the inittal region of adsorntion in the
pertinent svectrus, The given example shows how large the effect of

transition probability is upon the intensity of the initial absorp-

shom. On the transitions 1§ the following three compoundo(CrCls.
Crgos.CrN) I remark that ia these compounds the fine structare of
the basic K-edge of Cr adbsorption gets richer, The {nitial adsorp.
tion,anpearing in Cr013.¢otl larger in intensity ja oxide.,and still
larger in nitride, The crystal struoture of the given compounds of
the group has an osctahedral atomic coordination, According to Kim.
dall [?g].a a%p” nybridization of wave functions should here ap-
pear,l1t ie thought that due to such s hydbridization of de-functions

(= |
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F it pefunctions,the r.robability of K-electron transition into the -~
33-4s-state is larger,

An iuteresting peculiarity of the K.adbsorptiond snectirs of Cr
ln the given compounds of the group -- shown the first time in this
work,as we think —. is the presenze of fine structure in the initial
region of absorption(in the figure,the kinks in the initial region
of absornption are suitably designated by Points ¢ and m),

As %0 the character of absorption gpectrum, the dibartdo(CrEa)
1s close to these compounds, It hnas a somewhat cifferent atomic zoor-
dination(the Cr atom is within m hexagrnal prism on whose apex the B
atome are griansed),

Results of the vagnetic susceptitility arusurement,given in
the f~llewirg Table,indicate trat in the order of the enmycuncs
0rp(8043n s 001y, Cr 04 ,OrN, CrBp, i te value diriniches Iror 28,072073
te 9,0 x 10-€ cgsh,which provee the dimirutisn in the nurter of un.
sorspensated electron arins in the 3d-ehell of tre or atous,

ke presence of a regular change in intensity of the initial
a2eorrtion as well an the date on the marnetic suscentidbiliiy mensu.
Tenent make us bellieve that in thie series of compounda,tegether
with the ionic type of bondirg,trere is a rising ccvelent compo-
nert of interatomic intersction,

In comvarisor with the first, the seccnd sroup of corpounds
[

Lcrgcz.QrB.ercs.Cr?N) Las a larger initial region of tre X-abscrn.

kion spectrum, equal roughly tc 2630 percent. o tte whole absorp-



ruon discontinuity,end a magnetic :uocopubuny(ue Tavle) in the

-‘

order of (8 to 6) x 1c~8 ogen,which is substantially less than the mag-

netic susceptidility of the preceding series of compounds. The exan-

ination of the crystsl strusture in the given compounds finde the pres-

ence of more or leses distorted prismatic atoric coordination for

which according to publication /2] there should be a a4sp or ab

hybridisation of wave functions present,

TARLE,
¥4 nan P2 2 . 10-6 Han
| 4
. - Cr,C 64 disp nam &%
) om @ | g RS
CN ' n:.:g dsp® Er,rf g’e d%p nan &
- r X -—

(Column headinge: 1...sudbstance; 2,..unit in the oge iro-
tem; 3...e0lectron configuration; &..."or"),

Sve————

1f only the pfcnnco of e covalent type of bonding is assunred,

then the given compounds should be dlamagnetic or slightly megnetia,

and the initial region of the K.absorption svectra of Ur in these

oompounds should either entirely vanish,or it should be small in

nagnitude, In our case,neither one nor the other happens, Hence,the

aature of the bonding forces seems to be complex in these compounds,

50
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rlnd yJfrom our point of view,it ratg;r agrees with the idea of the
resonant covalent bond developed by Pauling /137,

With a general examiration of the K.absorntion spectra of Cr
in pure Cr and ite compounda of boride,carbide,nitride,oxide chlorice,
the fnvuriability of the position of Point b in the energy scale
should be noted,infependently fros the type o# compound, The kirks
of the absorption coefficient curve,correspending to Points & and e,

vhose nature we ¢o not study,as well as the A maximum are subject

Point g(zeta) S:t ; y g

tion discontinuity ~. is regularly shifted to tke short.wave aide

to changes voth in the energy §§‘1° end in tke intensity scale,

=e- the midile of tke abdsorp -

by the extent of increase of the donic component of bonding force in
tke compounds,
Conclusion

1, The nature of the interaction of Cr atons with tha wmetal.
loid atcme of the first line of Mendmleev's Table(Cl,C,N,J,and B)
continucusly changes from jonic covalent to covalent metnllic,

2. The obtained experimental results indicate that the dif-
ferent compounds inside one disgram of state cannot pertain to
single type of bonding forces,becauee in this case the concentra-
tion of metalloid can play an essential role, This ie varticularly
cherazteristic for the compounds Cr¥ ané CroN, CrBy and CrB.

3. A hypothegis on the metallic state of the metallcid atom

L (as this 18 correct in case of the FA.R system) cannot de extendmd

5L -



all classes of the Hageian phass of intrusion, The tyri.cal intruahn‘
phase of CrN 1is close to Cr203 by nature of the interatomic interaction,
and in this oxide the bonding forces have ionic covalent chlaracter,

L4, In the netalloid comounds, the character of bonding forces is
complex, Of course, the ordinary classilication into ionic, covalent md
metallic type of bonding is not in agreement with real ity,

The authors express their deep gratitude to G, V., Samsonov for the

parmitbed samples and his great interest in the work,
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Discussior on the report of S,L.Jcmncnov and A,Z Ment'shikov

E.A . Zhurakovakii (Ciessa Pedagogicel Inetitute );

The question about the nature of fcrces of cherlcal interac-
tion between atcms of a metal and metallcids in the carbides, ni-
trides and other intrusion phases of transition elezents presents
graat practical interest,and for many years 1t -as attracted the
attention of investigators, Neverthelees,until now it etill has
not deen eufficlently explained, For the foundation of present as-
sugptione,nagnatic,electric,and crystallo-chemical data are used,
However,until recent times,information orn the roentgen spectra of
the atoms in threse compounds was not available which,in differ.
ence from the data 5 all other methodas, could give the most direct

information about the enerzy state of atoms in these comvounds,The
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rnrn irvestigations by emission .;nctra in this ares were made ro¢ -
cently by 3,%,Veinstein and coworkers,

T.e solution of this problem ias also the purpoes of the pres-
ent werk in which the fine etructure of the roentgen K.absorption
spectra 0of ™ 4s invostigated in the alloys of the Ti.C system where
the metalloid content chenges from 24 to & percent. by woight,

All inveatigated alloye were prepared by the methodology des-
orited in the literature, and (except the S.percent.alloys) they per-
tain to the same field to which the carbdide of face-contered cudie
lattice belongs.

The research was conducted on a spectrograph specially cone-
tructed Ffor this purpose,whose sonstruction wvae suggested by 1.3,
Stary,and described earlier,

The plane of a quarts crystal prism was used as analyser, The
method of recorling the spesctra was rhotographic. The optimum den-
sity of the absorber was experimentally selected, 1t was equal to
] nc/cns. At higher densitiee of the absorber, the fine structure
cf the X-edge of absorption was less clearly observed at the ex.
perinent.

Yor comparison,parallel with the carbides, the fi.e struc-
ture of the K-absorption edge of T and its dloxiie(rutyl) was in-
vestigated, Attention was called to the faot that the energy,cor-

resprnding to the maximum of the long-wave absorption band of T4,

( Temuined unchanged in both compounds of this metal, This is in good

- 5“ -
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Cagreoment with the phenomenon found ia the preceding researches, and
1t does not agree with the hypothasis that at the formation of the car-
bides of transition elements a "metallization' of the dond oceurs,
which would be maniiested Ly a partilal filling of the 3d.enargy lev.
els cf the transition metal atorms, More detajled experimental inves.
tigations will be oontinued in the very near future,

V.8.Neshpor (Institute of Metal Ceramicas and Special Alloys,AN USSR):

Something should be said in connection with the commirigation
on roentgenr spectral research of the metallnsid phases, As a direct
method nf gtudying the character and strength of bonds in metals and
in compounds,these ressarches are of great interest.Yet,their de -
tailed evamination remains still a failure until now, The data of
individusl researches occasionally disagree with each other, and they
are being arbitrarily treated by one school or the other,

Trersfore, it geems to me that according to the results of
researches of a number of physical characteristics ¢f these sudbstan-
ces,such a structural model could he now roughly preserted for theess
compounds on whose basis the sevarate svectral data could de dealt

with,
While talking of elestron transitions to this or to that side,

they cannot bDe examined only from the point of view of the zonal
theory, but the individual peculiarities of the structure of atom
components of the compounds must be studied, Undoudtedly, the great.

est offect uvon the physical properties of metalloid comwounds is



roxorciued hy the degree of filliné_;f the 3d.shell of the transition
setal atoms and the ilonisation potential(or elestro-negativity) of the
metalloid atoms. These factors determine the density of the ocoupied
states DYdoth in the valency sone and in the conductivity sone, and
hence thay show a substantial effect upon the position and intensity
of the spectral lines of matals in compounds,particularly in case of
the l-series,

Tgo type of crystal structure and the number of bonds should
be also stuliled,

From the results of the work reported by M.I.Korsunskii and
AdZ2.Genkin,it can be eseen that tha greatest number of electrons leav-
ing the metal are in boride(CdR,), and a less numder in nitride and
carvide,which correspcnds to & larger numdber of B bords in the dore
1de laftico(euo =B and 3B =3) than the number of C and N is in the
carbide and nitride(CMe - X). In nitrides,the metal loses nore elec.
trons,in correspondance with tne greater electro-negativity of X,
than {n case of 2arbide which has a smaller electronegativity of C,

T%.e researches of the initial absorption region in tonic and
netallold compounds are of oconsideradle intereat, But,at the end,
one cannot agree with the conclusions drawn in this work as to the
transition 2rom the purely ionic Me - X dornd in chloride and sul.
phate to the covalent dond in dorides,cardides and nitrides,

Researches of the temperature relation of electric conducti.

Wity of the latter phase,presented in our report,indicate the metal~



r hat “t
11ic nature of conductivity of the transition uetal cardides and borides

1.a.,the presance of fres carriers of electric current in them,sudordi-.
nated to the Fermi-Dirac statietioce.

Thue,it 1s apuurently corract tc coneider the changes in the re.
gior of inttial adsorption in the compounds ipvesticetesd Uy S.A.Nemno.
nov and A.2.Mer'shikov as result of subseguent gralual trane’erence of
the density maxima of the eleciron shell in the Me ~ X dond freorm metal.
17id to metal in the sequence uf sulphate(chloride) . oxide . ritrids -
carbide - boride ,which 1s alse pninted out in qur report,

In our opinisn,such a o~del aleo fite the res:lta of the work
of Vaynshteyn and Vasil'yev according to the exeamination of the K-enis-
sion spectra of T4 compourde, The growth of the netaliicity of com -
pourds alao rappens to be in this direztion,
¥,D.Glinchuk (Institute of Metal Ceranics and Special Allcys,AN USSR):

Investigation of tre belhavior cof admixture irn eclid solutions
is of conelderadle interest. I wish to touch on the prcblem of the ef.
fect of the admixture's concentration upon the energy epectra of the
hase zetal,

In works of foreign authors and in recent worite of the Soviat
sclentists Ourov and Boravelk!,it was shown that clange in the adnix.
ture's concentration effects the eshift of the Fermi state of the baee
uetal. for each bass matal,a certain definite concentration exists

bel-w which the dlslocation of the Fermi level can be dlsregarded,

-
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r At councentrations adove thi:.definito one, dus to intearaction E

of the admixtures,the shift of the Ferni level consideradbly incrseases.
Thus,if the basic solution ie copver,then wiith the admixturets cone.
centration of an exceswive single charge of about 50 at.percent,,the
Ferr! level shift is roushly abeuat 0.5 eV(according to the data of

Friedel Advanceszerts of Phyeics,1954)

We were interecetad in the soild eolutions on lron buse, In
trane! tion metala(i.e, ,vwit: larger affective nmsecs) the exceas
charge of adnixture {eo quickly shielded,

Thersfore,the solved eleuents mutually internst only when the
concontration of admixture is sufficlently larce, For iron,the con-
centoationy must be nure than 60 at,.vercent, With smaller concentra-
tisry, the Fermi level can te conciderad practically unchanged,

Rrdletritution of the exceee electrons among tha open 34 and
4s ahells of iron occurs on accuunt of ?lectrou scatiering at ther.
nal vibrations of the crvetal lattice of the Lnse metal), As the re.
ssarches of a nunber of authors shov, the ¢leciron fraction of
those whioch si'p out intc the 4~ and s-~dands,stould bve prorirtion.
ate with their relutive level densities in the vicinity of the For.
al surface,

Sinas tho denaity of d-stete 1s larger than the deneity of
the s-state,the larger part ¢ the excess electrons must go for

tre vuilding of the d.hand of the basc metml,
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ru,l,xorm!ku(muv Polytochnlc:l Institute):

I would like to make a few comments,

In their report,S.A.Nemnonov and A.Z.Men'shikev emphasised the
&reoat possidilitien of roentgen spoctui analysie.With this method i¢
should be in agrecaent that it gives good basis for tha judegment of
the electron behavior in the various states, From these date then,
conclueionn are drawn on the o'loctric conductivity of the sudstance
and or its other properties.

Howevar, as I,l1.¥rantsevich oorrectly remarked,the chemical
compound must be investigated in a complex ma.ner, {.e,,the speotral
method must be combined with other methods of regearch,

Wrat is then trustworthy in the discussed report and what
oxises doubt?

The data entered in Table are particularly informative, They
can underge some changee in this way or ancther, These data,ae ‘he
speotral curves themselves aleo, vere odtained in a hurry; their
pethodology of processing was also develoreld literally in a few
days. |

Therefore thess data should Le coneidered as approximative,

1 wish to oall attention to those additional possibilities
whick this method !‘,QV“II. 1t gaens toc me that firstly in the roent.
gon spectral prastice thers is a porsidility to determine the num
bder of electrons which leave for donding.

t Particularly interesting are,undoudtedly,the results of etady-)



r

ing the efiect of concentration changes in the range of the area of
homogenousneses of the natalloid phases of the type of nitride,car.
bile.doride ani other compounds,



OOMPARATIVE BRITILINESS OF HEAT-RESISTART COMPOUNDS

I.R.Prantesvich and A N, Pillyanke.
vieh
zetitute of Metal Ceramics and
Svecial Alloys . AM USSR

Articles from refractsry oompounds of the typma of cardides ,
borides,nitrides and esilicidcs.more and more widely used in conten-
porary engineering,should possess sufficient stadility arninst a ther.
2al shock. The realisation of this property in material which hae
high strength of atomic bonding,low capacity of rolazatioa of inter-
nal stresees,and which are brittle by their nature,is extremely dif.
fioult,and 18 not always feasidle, ‘

The attempt at prenaring and investigmting the detalle for the
basia of the refractory ccmpounds indicates that,recardless of their
apparent ilantical orittlenecs and resistivity $o the azilon of nor.
nal tensile forcea,they reant in 4ifferent war to thermal shock,
which proves their considerrbla difference in regard to brittleness

and relaxation canacity.

However,since these materials posesss identioal meorescopic



r -
drittleness,as nentioned above, for appropriate selection of those

among the refractory compounds which ocould serve as basis for the prs.

paration of super-refractory materials resistant to heat shook,it
seems to de necessary to resort to micrnascopic roMch for the etudy
of their comparative properties at small scale, '

Therefore,ve have undertaken a corparative aicroscopic inves-
tigation of the mechanism of destruction and brittleness in rela-
tion to the votential capacity of reeisting the action of thermal
shock, ‘In thase researches we used 1) the method cf constructing sta.
tistical curves of micrcdrittleness by the oracking adbility of the
impressions calsed by the microduropeter's indentor at different
loads, and 2) the method of electron microfractography,

Regardless of the extrmordinary importance of the estimation
of comparative brittleness of refractory compoundas,until now a suf-
ficiently clur.lilpli and reliadle method has not deen availadle for
such &n estination, -

VYarious methods have been proposed for the comparison of the
brittle proverties of refractory oonp.oundn -« Dy compressidility
of povders [i]. by the number o'f hits upon the sample which cause
destruction [2], by the work ‘spens on deformation of materisl at ob-
taining an improseion by the durometer [8], and othere.

Let us atop a while for the detalled descrintion of the lat.
ter methed, By this method, a relationship is bullt between the nun.
Lber of impressions which have orucks and the magnitude nf the load,
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ramd that Pk load {9 determined by which 5C percent,of the improilionnl
will erack, At the determination of hardness N, the diamond prism of
tte indentor does some work spent on plastic deformation of the mater-
‘el. Thie work 1s computed for force Pg. By knowing Py ,the hardneas N,
ard the avical angle of the pyramid,the work sk.called by the author

lﬁ] "viscosity",car bo csloulatad, Por Blckerd' pyramid the formula is:

S = 8310"‘-—3-— [‘ﬂ].

Troz our noint of wview,the greatest prosvect has the so.called
nicrobrittleaness method which,as 1t 1s mown,oonsists of the construge
tion of curves wvhich are related to the nuamder of imoressions that
srack under the incentor of the microdurometer from the losad pu’ un.
or. the indentor,or -~ after reushing the losd at which all impres-
sions hnve oracks,-- the number of cracks in one impreasion with a
certain load magnitude [?.q]. Moreover,obviously at a givan load,the
nore brittle materisls will have a larger number of impressions with
aracks( or correspondingly, fewer uncracked impreasions). Thus,dy
tre comparison of tha curvee of mircobrittleness, we can also judge
tte relative dbrittleness of the investizated materiale,

We constructed euch curves for a numdber of refractory com.
pcunds and silicon which enters into some fire.resistant composi -
tione:- they are given in Fig.l. On the micro.sections prevared by

diamond powder,the measurements were mede on a PHT.3 apvaratus for
be
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Pig.1l.0urves of microhrittleness for several refrac-
tory comnounds and eilicon; 1,..milicon; 2 ...
Oblz; 3...MF; 4...810; 5...%rC; 6,..740; 7...
Cﬂlai 8...0r302.

(Abscissa: Pressure ,in grans)

the determination of micro.hardness, Data obtained from 50.70 measure.-
menta enter into one noint of the curve, The reproducidbility of the
data,obtained in the two halvas of one and tne saze uuuple,ht &4
which anparently can te coneidered as the accuracy of the method 1%

20lf,and can charactarise she satiefactory degree of its odjective.

nees,
At the aocrutiny of the microdrittleness ocurves,first of all

the fact 1u notad that several ourves intersect sach otaer,for ins-
. -4
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tance for Cry0, and MO, for 2rC and §iC.

Thie drings a certain disorientation into the problem of deter-
aination of comparative drittleness,since in case of small losds,s.g.,
ZrC proves to be lees drittle than ?-uc.bnt with larger loads the op-
posite happens,

The question arises,what ahould then characterire the compar.
ative brittleness of mmterials:.- mutual situation(i.e,,the run of the
ourves); the atart of the curves,i.e,, the load at which the impres-
sions start to crack; or thelr end, i.e,, when all impreesions have
sracks?

From Tig.l 1t {s svident that the naximum load at which cracks
are atill not formed around the impression differs very little for
the different matearials sc that apoarently this magnitude ocannnt be
oonsidered characteristic,

As %0 the mutual situatiomn of the curves,obvicusly we should
take here in account the behavior of the saparate yrains of tested
material, Under actual conditinns of a multicryetal sample,a grain
which is subjected tc the action of the indentor will be under ocon-
ditions of a disproporiionate allround compression,particularly when
we take in account that the refractcry compounds are destroyed in
the area of elastic deformntions [B]. Evidently,therafors,the finld
of strees where the tested grain is located will depend upon dif.

ferent factors,e.p.,on grenularity,presence of internal stresses and
4

&



80 on, In agreement with this, the—guim o the material tegted for
micro.brittleness will behave in different ways,since they will be

in different force fields. This will also cause that for the differ-
ent "uterials the ourves of micradrittleness go different ways,espe-
cially thot they intersect, To be able to ccmpare the different cur.
ves with each cther,we must know how their course is influenced bdy

the fi«1¢ of stroae in the sample,

For the estimation of this influence,we calculated the rels.

tive derivative P dn
X ==
a dpP

along each curve,and constructed the relation of this magnitude to
the 1%ad.In this forsula, P...is the load at which the number of non-
crac'ing impressions is n (rercent,),The derivative is calculated

at the point which 1s characterised by the given values of P and n.
The obtained relations are shown in Fig,2,

From Pig.2 it is evident that the majority of the examined
materials are characterized roughly by an identical « derivative
within the range of 20.40 grams of load, At larger loads,the curves
®a £(P) begin to differ markedly, In cur view this proves that as
to brittlenass meterials ocan be compared by the run of the curves
n = £(P) only within the limits indioated dy us, and at rouvghly
1dentical values of of . Moreover, the sarples must e evidently of

identical granulatinn, The moet relladle regults should de odtained
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Pig.2,Belation of relative derivative oo to loud for
a few refractory compounds and silicon: 1.,.8%;
2.,.008,, 3...TIN; 4,..814C; 5...2rC; 68...MC;
7...01‘3 ‘ 8...62‘30 .

(On"abscisea: 3. in grams).

at the compariecn of the microdtrittlenecs curves in came of a loed
that corresponds to the minimum value of O i, e, ,in the giver case
with e lord of P = 1 g,

e analvesis of the curves K = £(P) indicates that with lar-
ger lcafe the effect of the etress field sharply ircreascs, and it
is Aiffarent for diffarent materiale, Therefrnre,cbvicusly,the com
parative brittlencas cannot de characterized by comparison of the

L. curves by loads at which all icpressions have cracks, since thLese

. 61 .
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sagnitudes dopend not only on the physical nat.re of the tested lauplg
tut also on the stress field in which each measured g-sin havpene to

te.
Attention is omlled to the fact trat magn!tude oX is comparat-~

ively iarge for pure 81, and eharply increases with the growth of the
lcad, 3tarting frow the above made assumpticns,as a result of thie,it
car be. expected that for sarples of silicon of different graln sites
the micro=drittlaness curves will be ¢ifferent,Experience confirus

this assunption, On ¥ig.3,microbrittileness curves are shown for

3
»

8

N

:
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o P & 80 80P
Fs

Safarey

3

Fig.3.Curves of microbrittleness for coarse-grained and
fine.grained samples of silicon and chromium cardide:
1,..8i1i00n,sample No.l; 2...81,ecple o.2; 3.,.
CraCy sample Fo.l; 4...CrzCz savple No.2,

' (On absciesa: P,in grama)

coaree~-grained and fine.grained silicon, The fine-grained samples

weoz to De less brittle than the coarse.grained, Thie can De ex-

. 68 .



plained so that in the finae.grained eample the tested grain is under
conditions of a more all.rocund disproportionate stress than in the
coarse-grained sample, which causes the endurance of greater losds
without deatruction, Generally speaking, similar conclusions can dHe
&lec drawn on the dasis of the Orowan-Griffith theory,

Yor sake of comparieon Fig.3 Qloq shows the microbrittleness
curves for samples of Crsca of different grain sise, The saxples dif.
fer from each other by granularity in the same way as the 81 sax-
ples. In correspondence with the considerably qmaller magnitude of
R for 'o:-aca in .contrnt with 81,the difference in the atcro.drit-
tleness curves for craca 1s also much less, If 2t P = 30 g,the value
of microdrittlenese for Orz0, differs only by 7 percent,,then at
the same load 1t 1e 2f times larger for 8i., This aifference in the
ourves insresses w!th the load,togethear with the increase of the

valuer of oC,ae shown in Table 1.

TABLE 1,
i Si CryCa
n
P, e a !.'.l P e ! a | 2
| Ay i M
: 1, 1,72 10 03 1,02
1 ,‘,?, 13 g.so % g.g :?{
! v L]
o ® 30 |3 o | 22 | 122

L (NOTR: P 1o given in grams)

7



Parsllel with the metrod of construction of microbrittlenese
curves for qualitative couperison, we have widely used the method of
slectron microfractegraphy,

T.e metrod of electron frastography ,develcred by X, Zapf,i.e.,
the study of the structure of ruptures,lately finds larger and lar-
gor spolication for the lovestifation of the character of destruc -

ton of metals ard elloys, #.R., of steel,in connection with compo-
sition,structural peculiarities,ageing,snd so on,as well a» for the
solusion of other =roblems of metallurgy, Deficiencies,lirmitations
ipherent in an optical micrcsanpe, -~ the comparatively srall usagni-
fication,the low resolving power and chisfly the amall deptk of
sharpness - were the motive that,in the rajority of caees of steel,
fractographic investigntion is made with the aid of an elactron mi.
croscone,

Ve applied the electro-micro-fractograchic investization of
refractory compounds of the type of carbides,derides,nitrides and si-
1icides in order to clarify their mechanism of destructiorn in 2on-
pactiou with the study of their conmrarsative brittlerness.

Avplied to fracturss of refractory compounds,we worked out
s special methodslogy of sample preparation L!] «“rich gonsiets of
two steps. The first is the formation of an impression by pressing
the tested fracture surfece inte aceton.ccftened ocelluloid, After

drying of the impression and ite senaration from the surface of



e . ’ ‘l
the sample ,on the oontact side a second i{mpression was dusted on

with titanium or silicium protoxide (second step).The separation of
the ucon&~ ixpression was acoomplished by the dissolution of the
first s sceton, ‘

Acocording to this methodology,structures of drittle frec -
tures were exsnined for & series of multil.crystal refractory com -

pounde for which data were obtained on -icm‘n:gtvt'lonon. All samples

vere cdtnined by hot pressing of the powders of limited(maximum)com. .-

positions, The Sarples under tesiing were duiroyd by bending im.
pact destruction.

The study of the structure of fractures discovared sudstanti.
al differences 4in the fine structure of fractures of tha different
clasnes of compounds. We give delow microphotographs of the {rac.
ture structures which are most characteristic for this or that type
of ocorpound. They were chomsen from among 5C - 100 plctures observed
in tho slectron mioroscope, and they show the statistioal character
of the electron uicrosccpic observations,

A number of compounde,e.g,, colurbium doride Obxz(rig.i).
silicon and cclumbium silicide,are destroyed along & clearly formed
surface of cleavage or separation,wvhich oan be related to the low re.
sigtance of detachment along thie surface unler the action of normal
stresses, Oonsidering that, as & rla, under conditions of heat
shocic,by the effect of thermal tensile stresses the material i de.

L.etroyed ,owing t0 normal streases,the low resistivity of these materials

- M -
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agalast detachment along a oertgin erystallographic surface
should be related to their negative characteristios,

Ia the other large group of refragtory ocompounds,in the struc.
ture of the fracture,parallel with the eurfaces c;t cleavage ané sepa-
rution,signs of destructicn appear-along $econdary surfaces of clea-
vage with characteristio tornco-'i"in structure of the fracture, re-
flecting the blocky structure of the orystals, In the majority of
cases, in these fractures the cleavage surfaces coincide with the
orystallograrhic surfaces of the primary cleavage, as it is seen,
e.8., in sirconiun cardide 2r0 (¥ig.5),vhere the surface of cleavage
seens to .bc a ‘surface of type (100). On Fig.8, the terrace-shaped
fracture of eilicon carbide is presented ,and on Fig.? that of tita-
nium carbide,

We f£ind the majority of carbides in this group of ocompourds,

Tinally,in m'n another group of compounds,e,g. .Or302 and
l‘o.nw elaments avpear in the structure of the fractures.which can
be apvarently related to plastic deformation in micro-volume,

Prom this point of viev, T1g.8 is characteristic vhers the
structure of the fracture of 0'1'302 is given, Here, two aystems of
dent displacement surfaces can be distinguished, including three
neighboring greins. In one of the grains, two plane-slippage surfa-
ces intersect, due to which the grain seems %0 be smashed at a large
aumber of blocks somewhat alscriented with regard to each other,

Still more Airect sigres of somevhat inareasad plasticity are

- -
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rtho ‘races of cislrcutions (apparé;tly,growth direlocations) vhose
outorops at the houndary line avpear to be in the shape of punctate
chains in the structure of the fracture of boron carbide B,C (Fig.9)
and chromium carbide o:,oz. In theese materials, higher resistivity
to tharmal shock as well as & imown capacity of deforiation at high-
er tenmperoturss can be foreseen when even in thess :aterials cf very
great atrength of interatom!s tond the dislacation ucguires the abil.
ity to shife,

gonclusiggg

The qualitative(constiruction of microbrittlone.g curves) and
the gquantitative(microfractographic) investigntions of orittleness
of refractory metalloid compounds make vossidle to araw a few prelinm.
inary conclusione,

1. The statietical curvees of micravrittleness distinctiy il.
lustrate *the d!fference in the microbrittleness of the different com.
Founis,

Conmsidering the most apnronriate compariscr of micro~.plasti.
c¢ity indices at & load of 20g,the following series cf the examined
compounds oan be recorded according toc decreasing brittlenese:

8 « MN - CbB, = 810 ~ 2rC « CrB, - Gr362 - TicC.

2, The obtained serias is bacically revroduced a*t takting the
plasticity of “viscoaity¥, determinel dy ralmquiast [Q}.a. a criter.
fon, In Table 3,we g've the lata cdtained for some compounds dy

LPaloguist'e method and by the method of constructing curves of
wlerorrittieness,

[P -
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Cr,Cy 1300 | 40 11400 | 7
1785 | 3 512! 63
TiC 3000 37 | 828 73
ZC 2028 | 26 | 458 &7
SiC 3000 | 18 | 280 4§
NbB, 2508 | 12 | 184 38

(Column healings: 1...phasc; 3...H, ke/jma; 3...Py.g;
4...3.10‘ £ cm; 5 ..0,0 (20530 -

A#® 1t car. ta seer from the Talle,the qualitative coincldence
of the results obtained by bdoth methods(with exclusion of TiC) 1s
rather falr,

3. Investigaticrt of the aifferent refractory compoands of the
titaniumn tasis(cardbide,boride,nitrice,and silicide) shows that the
irerraes in brittleness rune in the order cf TiSly « 710 -~ TiBp -
MY (Fi1.10).Thie conziusion 1a sonewhat contralictory to the data
of Sawmeonov unl Neshner [i] vho obtained an increase in brittleness
from titaniam nitride through boride to cardide, It seers to ue that

ssh d4fference is explalned by an lmperfection of the pethod of

determrination of the arittle properties by the compressidility of
layime o.wdiers that were uced by the authors [I 7.

.
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F4g.10,Curvas of ricrodrittleress for refractory titaniue
compounds: 1...T47; 2,,.T1B,; 3...T1C; 4...Ti8i,,

The thecrotical exrlanation of this change in btrittleress
from one compound to the other [i].ba-ed upor. the calculation of on.
ly the favee of interatoric bond does not seem to be sufficlently
strict in our presentatiorn either,since -. parallel with tre bond-
ing forces-~ it 1@ abeolutely necessary to calculate the type of
Bond and the different relaxatior cepacittes, Without rcgard to
the fact that the valus of the average square dislrcatior for MC
ts leps(C,087) than for the toride (G.C72), according to our data
7iC 19 wore plastis,which {s aleo qualitatively confirred iy frac-
tceraphic researcres, This i3 spoarently exnlained by the greater

metallicity of the bonding ard by the greater relaxation capacity

- T? -
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of the oarbide than of the boride, Further exaxinations should show

how sorrect such a viewpoint i,

%, Quantitative data on the compuratively large degree of mi.
crotritileress of Ti0,ohromlium carride, and qualitative data correla-
ted with ther and obialined by means ¢f fractograrhy,confir= thre very
goed hoh -~compressibility and relat!ve high resistivity to thermal
shocks,

5. The correlative gquaiitative and quantitative data algo co-
inclie for other examinad maturialsie- silicon,colurbium doride, t!ta-
riar nitride,and sc on,

in conclueton, the authore expreass thanks to G.7.Samsonov for

tre sumles presented for the inveatization,
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Questione and answers

8.: What is the comparative bhrittleness of sillzen witride,var-
ticularly in refercence to silicon cardbide and other comounds?

AN Pilyankevich: We did not studr silicon rt*ride,

Q.: #hat waa the purity of the initial materiale . of daride,
nitride, und a0 ony

AN Fllvankevich: Ther were rather purs sarplas,oreimred firam
pure original materisls by direct synthesis.

Q.: What was a2 purity of the examized silicony

AJX.Pilyunkevick: Technical sillocn was examined,

Q. : What is the reproducidility of the data on mincrobpitile-

U1y
AN Pilrankevich: Ve made suca erxnarizents, carticularly for

the cl.romium certide sarples obtained from a particular pur::, Lhe
reproducibility of the results 18 & to 10 oercent, at the corsiruc-

tisa of micromrittlennsa carves,



CODITAUSICT OF TWO ALIAENTS I50C RARD METAL

V.I,arkharov s V,N.Renev
Uralsk State Jalversity

In the present articie the condiffusion of two elevents into
a thi=i 1s exuanined 4in srstans of the iype of / hard metal ~. nixture
o3 tvo chemically active gnao.'$. Yor bdrevity, thees systeus are de.
signuted furthe: on as

Mo e (( XV X" )
vhers Me,,..is metal{tard)
X' ...the first olement(sas)
X"....the second elcment{zas).

The theoretical value of gvih investigations includes the ob.
talning of experimental data for the explanation of the phrsical mech.
aniasn of the reaction diffus’on in general, practically conditioned oy
tre nerd of atudytng the technologiosl procesees related to the action
of gases upon the third phase,especlally the pirocesses of Z8R GCIT0-
sion snd chamiocal therrmal processing of alloye,

For the study of the e*mictural configuruation in the reactlon
|
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diffusion layeres and of the kineting of the growih of A17%ualon la -

yers 4n the triple aystems of the atove shoun type, they must te oclas-
eified,

The glaecification can be tusdd upen a few factors which may af-

feat the process of remction diffision,

Dingrams of the state >f systeme formed by coapoundg

exiuving in biaary syetezs of the Me-X e

The first cxee i a pectudacbinary dlagran of the state ¢ con.
pounde with inorgonic solubllity whlsh are fored in the Me.X' and
Mo « X" bLinary eystema, In this caase,the formation of a dAiffusion lay~
or iw observsl which soneists ¢ u eingle phase with a concentration
gradiasnt that for voth components decreases v the layer depth, This
cass 18 schematically presented on Fig.l (g...for reactlon diffusion;

D...for rarmation of triple eolid solutions).

[ ¢
if '
h, ]
5 |

31 . Ei’ 8
[}
{

; A
Fig,1
(Words oi figuret: Ordinate.,.gae; on *D" diagram:$0lld soluticn)
([ o
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The secend cawss i3 8 pseudchinary dlagre: of a gtate of X! and
X' with orgarlc solubilisy in compounds foimed in the Ne - X! and
Me - X" binary uystems, Here the diffusiorn picture already has another

type (Vig.2).
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Tig.2.

The surface layer will consist of & phase which contains mors
of the eleront that has emaller Aiffusion mobllity, At a certain
depth,the layer of the other vhase can also exist which has increased
concentration of the element of greater diffusion mobility, This case
{s schema®i~ally presented oa ¥ig.Z (g...fcr reaction 414 us'on; Deos
for fommtion of triple snlid sclution),

it a Tegult of different diffeion mobilities of the elemernts
in the reaction iavers,the depth cof venetration of cre clenant will

be grewter than that of *La other $n Loth of the above cases,
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71g.3. (Ko legend)
{02 ordinate: Oae)
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The third case is the adsence of soludility of X' and X* in
the birary compounds of the pssudo-birary syitea Me.X! - Hopx“q.

In this case,divergence $: tha chemicul relationship of elem-
ents ' an? X" to the metal (e¢.z., the chemical relationshiv of eler.
ent X! 1s larger to the metal) will play the main role in the for-
psatior o2 the structure of Alfiusion layer, Here, it is aupposed that
uedrr the copsidered conditions (et definite terperatures and pres-
sure of the gas) both corporents Me X', and KOPX”q are thernodyns~
aically stable,

on the surface of metsl,a layer starte to forn which ccneists
of phuses exiasting 1; the M@ « X' binarv systen, [kote i If other
compounds are present in this system beside HanX'n.then each ¢Z then

L forms an independent layer; the layers are arranged one aftsr andther |

-33 -



in the order of the incrasse in metal contonﬂ; Due to the absence
of solubllity of element X" 4n it, this layer dces not perait X" to
penetrate into trhe metal,and to form & compound in the Me - X' bi.
aar system, Thus,in this case there wlll be no interaction of the
two guseous components with fuch other, If they are interacting,how.
ever, then the process can become coumplicated,since the wetal is in
ax ataosphere composcd from the compournd i“X“b(which is possidle,
witl Iree excess ¢f one of thase elements), The process will limit
and regu.la‘e the interaction of the moﬁal with the surplus element
ant with the phase newly formed from the geaseous components,

Reaction Aiffusion mecharnism in the e « (X'+ X') gystem

The iiffusion mechanien in the Me - X! ard e X" dinary sys-
tems shows inZlusnce upon the diffusion mechaunism in the Me ~(X'&X")
eyaten, We adxit that in the Me-X' hinary system the metal preferad.
1y déiffuses outwardly through the reaction layer, bui,contraryviee,
in the Me~X" binary systex, element X' plays the mivurntageocs role
in the diffusion, It penetraten into the denth of the metal 5n whose
surface a reacticn laysr Lavoens t° De forped, In he trigle svetem
Ko « (X'$X") the iarer arrangemc:ta are formed one after anciher,
correapondingly composel from phruees u. the Nonx& and the Me X

P7q

ohasas( accuratel epeaiing, MepX'n j XY and Mepkio_( X", ). The

charncter of dlSfva‘on 1¢ here quulitatively the same in each layer

as 8lac in the corresponding dinary system,



The kinetios of susch processes are determined or the basis of

iffusion valooity in that of the layers of Me,(X' «X%) type

where the Aiffusion is the most hampered, Moreover, kinetics depends
uapon the poesibility of the formation of solid phases datween the gas.
eous crmponents on the metal surface. This can delay the speed of the
penetration of diffusing atoms into the setal, or the metal on the
surface pPrepares & 80ale .- & gaseous medium, This factor can alsc .af-
feot the structural formation,since the low.lying diffusion layers
will be nowv under other thermodynamic conditions than without this lay-
er (d1f%erent partial pressure of the gasecus components above the
Phase of the type Me X'  and Mo X* ).

The kinetice of the processes also depend upon the phase el
ements (or upon one of them) which are able to sccelerate or slow
down the diffusion process.

The data pudlisred on the discussed prodlea are very few,and
for the present all mentioned ocases cannot be &irdotly confirmed dy
experiments,

The second of the oconsidered ceses is confirmed by iavestiga-
tion condusted on go-diffusion of corbon and anltrogen in chromium
ﬁ]. This syaetem is practically very interasting., It is found ghat
¥ and O participate simultaneously in the process of diffusion into
Cr. On the surface of Or,phases of the chroaium ;rbido ty_po(crgcz,
0:703) are formed with changed parameters, which indicates the solu.

L. tion of i in these vhases, Under the carbdide layers, the roentgen. o

. 85 -
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rcgruuhlc and metsllozranhic exaninations found the crzn phune, Conge-
quently,the Zront of N diffusion ls rore quickly changing place than
the carton front, Ly nenetrating deep into the metal und forming a
nitiide pliase, In nublication [Z].it was shown that the overwelpht
¢ ersiples at the coddffusion of C and N into Cr is greeter than ut
the saturation with C alone, This 1s explained in the following man.
ner, At the intrusion o2 N into Cr, the volume~centered Cr lattice
is transforned into the hexagonal lattice of CrgN which in ite turnm,
at diffusion of cardbon, 1s transformed into the hexagonal lattice of
CzyCy. The transformation of the hexagonal lattice of CrpN into the
hexagonal lattice of Cr-;c-8 ie ecsler than the trangform=tisn of the
volune~crntered chromium lattice into the lauitice of c'zscs at the
iutrusic~ of the carbon alone intn chromium,

In ocmse of chrcuium oxide in the alr, N will also particivat~
ir. the process of the reaction aiffusion of 0 into cr_Léz. Cr. the
surface of Cr, chromium oxide c:aoz is forr~d., Under this luyer, the
lay-r of the hexagonal chrcaium nitride Cr-N is fcand, Here aleo,
the front of N diffusion i transferéd into the depth ouicker than
that of the oxygen, The lattice narametera of chromium oxide,which
is formed at the oxidation of Cr in the alr, differ from the para-
meters of pure Cry0,. This differer:e indicates that X diffael:y
takes place throuzh the oxicde layer into the metal,forming a nitre

ide layer bDetween %he oxire laver snd the metal,

- B -
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In both exuninei cases,u qualitative picture can be inmagined

for the distridution of the diffusing elements in the diffueiorn sone,
The change in the paramater of the prasi: which fnrn the external
layer 1s {nelgnificant. The content of the third alement,sclved in
this phase,is very emu’l, But under the external layer,s uitride lay-
er i gitua~2d in both cases. In this layer no;e nitrogen 18 contain.
ed than in the top layer. As a result,the content of the third elenm.
ert ( in our two examples -~ the nitrogen) at a certain depth of the
diffusion zone {s greates than its sontent in the dirsct neichdor-
hood to the surface(See dlagrum ia Fig.3a).

From the publisned exverimental data on the research of ccdif-
fuslon of N and C into iron, 4t can be concluded that nitrogen accel.
eratos the ssturation of iron with C,and dimirighies the tempe;ature
at the beginning of the interaction of C with iren [§]. It vas alsn
establiehed that at codiffMislcn of C and N into iron,the diffueion
front of N is transferred into the depth quicker thaer the diffusion
front of C, At simultarenus saturation of iron with £ and N,the sur.
face layer {e denleted fro~ nitrosen L§7. i.,e,,the I concentration
19 the greatest at gone depth of the Ciffusicn gzore,

In aur opinion,the hare intrcduced exverimental data direatly
¢onfirm the gecond case,considered in our report at the classifica.
tion of the difrfusion phenomenon ir triule avstens of the Me~(X!+X")
typr.As to the first and the third case,unfortunately,they were nnt

b apecinlly investicuted,
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Questions and answers

2et Has there been any kind of quantitative computation for
the case of diffusion of two elsments?

VeN.Konev: I have already said that the first stage of the stu~
dy of diffusion in triple systems was the classification of the pheno=~
menon, Quantitative computations will be the next atep.

Qs How will the codiffusion of nitrogen and carbon monoxide
Tun in silicorn at high te-peratures?

ViN.Konev: It is difficult to answer this question,because ve
did not lesrn the nature of behavior of silicon in relation to gases,
especially in relution to CO. It 4s mot known what kind of medium CO
is for silicon at high temperatures ~~carburiging? or oxidieing? 1f it

.18 both carburizing and oxidizing,then a triple system is created, d

- 8 .



The diugram of the state and the relstion of each element or
compound in the silicon should be known,Then,this queation can be an-
Mred .

Discussion on the report of I.N.Frantsevich,A.N.Pilyakevich,

and of V.l.Arkharov and B.N.Konev

VeS.Neshpor (Inst.of Metal Ceramics and Special Alloys,AN USSR):
Rl i

It seems to me that attention should be paid to the nature of
the fcrming phase. The point is that in the metul.metalloid sysienms
& few rhases are formed with aifferent contents of netalloid atoms.
Attention showld be also paid to what kind of phase, upper,lower or
in<between,is formed at the diffusion of this or that metalloid in-
to the metal,end how the second component affects the formation of
this phase,

In the works of G.V.Samsonov,it was shown that at tne diffu-
sion of silicon,ss a rule,sn upper phase.a'disilicon.i.e..!oSiz is

forned.
This is s0 explained that the difference betweer. the configu~

ration of silicon bonds is the smallest in the elemontary state,and
in thic rhase.It is true,wve chould say, that the discussed researches
vere made only with a single metalloid,snd there was no second mete

alloid,
This question should be studied in a further later work.

I have a number of remarks on the report of I.R.Frantsevich
and A.N,Pilyankevich about microbrittieness, Their data basically co-

yincide,with this difference that according to tne data of I.N.Fran-

-
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r;sovich anc A.N,Pilyankevich the ;;tridoa are less brittle than the
carbides,

In my opinion,in genersl the evalustion of brittleness only by
the tempo of the increase of deatruction with the increase of load is
not sufficiently accurate. The point is that the character of the ap-
pearing aracks itself depends upon the brittleness of the substance
which is being examined.

In reslity,if there is any kind of impression,then at exceed-
ing the limit of strength when the material does not have sufficient
ability Lo disperse the elastic stresses,concentratiorn of stress will
occur at the boundaries of the impression,and as & result there 1is
destructicon of the materials, Moreover,one,two or more cricks can be
forrmed., Obviously,the character of destruction reflects the grade of
brittlensss of the substance. If we say that there are two substances
from which one has greater capacity of dispersing the elastic ten-
cions,amvi the other has less,then the probability of crack appearance
will be lass in the first case.

In our works on microbrittleness,we reed some other factor of
brittleness which it should take in account in cdetall, i.e.,the de-
grees of' brittleness were evaluated not only in relation to the num-
ber of imprsssions,but also to their character.

‘W8 have selected the five-degree system for the evaluation of

brittlenass,.The average degree of destruction is:

L Z20ny, +1ng +2n5 %40
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where ny eesde the number of impressions; the subscripts indicate the

character of impressions (l...0ne crack on the impression; 2...two
eracks,and £¢ on). We touk degree O for absence of eracks; degree 1...
for one or two cracks; degreée 2...for 2.3 cracks; degree 4,..for more
than three cracks, and finally degree 5 ...for complete destruction of
the imrression,

Such & graduation of brittleress cbviocusly charscterizes the
behavior of the sample in case of brittle loading. Of course,to wount
only the magnitude of this degree is not ericugh. One has alsc to
count the tempo of its growth with the load. It is probable that the
material will be more brittle the larger is the degree of destruc -
tion,i.e.,the more cracks are on the impression,and the quicker this

sign increases with the losd. We accepted this final factor of brite

tleness;
’ ds
X =2
dp
where Z...is the Jegree of brittlenecs; de/dp...is the tempo of in-
crease in the degree of britileness by the load,

In our experiments,tne following order of brittleness was ob-
tained: -~ siliciae, boride, nitride, carbide, Here,by comparison with
the dats of I.N.Frantsevich and A.N.Pilyankevich,carbide and nitride
change pisace,

These date fully coincide with the data on brittleness which
we obtained by way of estirmating the packing sreed ¢f the powders of

. J4
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compounds at compression.

The coincidence of the brittleness factor,determined by two com-
pletely different methodology,gives basis for the assumption that these
data are the most correct. Moreover,in the carbides the directed bonds
are more marked,and the rigidity of bonding is greater,the asymmetry of
vibrations smaller; therefore,they should be still mcre brittle than the
nitrides, The dispersion of stresses in the carbides is connected with
greater Qifticulties. This corresponds to the knowledge on the bond
forces and lattice rigidity.

One should agree with the remark of A.N.Pilyankevich that not
only the bonding forces influence brittleness. In the dispersion of
elastic and thernal stresses,in addition to the interatomic bond,the
mass of atomic corplex alsc Plays a role which also determines the vie
bratio%al mobility, Both these factors are reflected in the magnitudes
of the amplitudes of atomic vibrations,computed by the Dehye-Valler
formula.With this magnitude,namely,we also compared the brittleness

Andices(See V.S.Neshpor,& G.V.Samsonov,Fizika metallov 4 metallo-

!:gggig(thsics of metals and metallurgy),vol.4,1957,p.181; 0.V,
Samsonov,V.S.Neshpor,L.Khrenova, Ibid., vol.8,1559,p.623),

The mentioned vidbration considers bot: the bonding forces and
the mass of the complex,since the frequency of vibrations and the at-
on mass enter into the formula.

Finally, this question is still not completely clarified,since

treliable estimates of the degree of brittleness are still unavailable, .

. 9% .
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V.N.Konev(cloaing remuarks): A remark was made here that at-

tention should be paid to the nature of the phases which: arc fcrmed at
reaction diffusion in the triple systems. We are in agreement with this,
The point is that,in compowxis of a binary system of a metal with cne
element, one type of bond can predominate,and in compourds of a bing-
ry system of the same metal with another element ancther type of bond
can predominate, At codiffusion of these elements into the metal,the in-
dicated reason can play a subatantial role %oth in phase formation and
in the kinetics of ths process of diffusion lqer formation. How this
is then reflecting upor. .he structural formation ard kinetics,it is
difficult to say now, We need experimertal data on the study of reace
tion diffusion in systems of the type ot{)uul-(:honiully active gaso%
For instarce,it was pointed out here that at the diffusion in the
NMe-~Si system (.V.Samgoncv observed tne formation of only a single
phase of higher molybdaenun silicide,MoZi,. It should be remarked

that there are alsc other data (Kiffer,Nachtigal,und Fitser) on the
phases formed at the reaction diffusion in this binary system. The
mentioned suthors alsc observed the formation of a second mclybdaen-
ug silicido.m3812.mmged between the disilicide and the metal in
form of a very thin layer. It seems to us that the phase detected in
the diffusion zone depends upon which stage of procecs the formed pha-
ges are in (has the diffusion process stabilised? or are there still
Anitial phases of formation?),and upon the methods which we use for

Lthe detection of the formed phazes{ an intermediate layer can form J
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Between the two cthers in the share of & very thin film).

In & short communication,all factors cannot be elucidated which
could have an Anfluence upon the process of reaction diffusion(in come
plex systema).

The remark of V.S.Neashpor is correct as to the ltind of phases
that can be formed at diffusion: -- lower,or upper in reference to the
metallodd.

The point is that we have to consider here the totality of face
tors which iufluerce the process of phase formation, For the establish-
mert of the general law of rcaction diffusion in triple systems of the
tyse cf{ﬂard metal == Two chauically active gaaea} We have to have a
sufficlent number of experimental data on ths study of diffueion in
soncrete syvstems of the indicated type.



STRUCTURE AND PROPERTIES OF RARE-EARTH METAL BORIDES

G.V.Sansonov &
N.N.Zh\u'lvlov
(Institute of Metul Ceram~
ics and Special Alloys,
AN USSR &
Koscow State University
/Note: The following persons participated in this work: B,M,
Tsarev,Moscow Engineering Physical Institute; G.A.Kudintseva,
V.S.Neshpor, and Yu.B.Paderno,Institute of Metal Ceramics and
Special Alloys,AN USSR  M.M.Umanskiy,A.A.Stepanova, Moacow
State University/
Borides of the rare earth metsls,of scandium,yttrium,lanthanus,
and of the lanthanides,lately found spplication in the electronics
L[ 1,2] where their high thermal emission charscteristics are utili-
iged: -~ low work function at therma’ emission, stability at low pres-~
sures, stability in regard to ionic bombardment,ability to work at
high field intensities. Due to the complete absence of poisoning by
the cathodes of boridea of rare-earth metals &n air, they can be used
in sectional systems of elactronic davices,
The use of cathodes from lanthanum toride in the synchrophaso-
tror with high field intensities (up to 105 V/cm) and with a working

Ltemperature of 16500 permits the tapping of current densities uwp to
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foo 5/etf, ¥4tk the selection of a current of 40 i/cm?,the service life”
of such a cathode consists of about 250 hours,but with the making of

& few special technical measures,this life can be increased even to 700~
75C hours.

The boride cathodes work well as magnetron tyre anplifiere with a
current density of 5 Afcm® at a field voltage of 2000 V/ca and with a
working tenpereturs of 1500° [37.

The lanthanum boride cathode at the cyclotron of the Institute
of Physics of the AN USSR nas been working for many dozaernu 3£ hours.
The tantalum cathode at the same cyclotron worked :2 hours,

The auto-electronic emission of the rare-earth metal borides,
and particularly of lanthanum hexaboriie [@].vith a cold point,uncder
the affect of external electric field,permite the obtaining of a cur.
rent of about 1 A,which at an about S-6-micron diameter,corresponds to
2 currert density of emission exceeding 106A/em3, [5]

In cennection with these aavantageous anc specific properties
of boride cathodes,the Institute of Metalle -Ceranics and Special Al-
loys of the AN US3R, the Chair of Pnhysics of Solids at the Koscow
Stata University, and the Scientific Research Iugytitate of Radio Ene
ginecring and Electrcnics started a wide research on the conditions of
obtaining the prererties and the atructure of rare-earth metal bhorides.

For the preparstion of rare-eirth metal borides the interactisn
reactions of metal oxldes wiih boron carbides,or with boron An vacue

me were used: K
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Mo 0, + B,C—> B + 0 4
Me,05 +3 ~7 ap_ + 20 |
A nunber of new phagses were dtected here,among them the dibor-
ide of scandium [6],yttriun [6].hnthnn;n and ceriwm [8], prasecdymium,
necdymiun,samariun [9/],eurcpiun (10) ,gadolintom [6],terbiun and dys-
prostum [11,12), holmiua ["11,12].erbium [127,ytterbium and lutetium
[,'11.12] + Moreover,a nunber 0f new phases were detected,among thea .
the diboride of scandium (3,13], the tetraborides of gadolinium, dys-
prosiun,holmium,erbium and lutetiuva [6.11 .12.1‘J.

Structures and Crystallo-Chemical Pesculiarities of
Rare-Earth Metal Borides

Presently,the rare-sarth metal borides of compoeitions HoBz.
MeB;, and NeB, are known.Among them the bLest known are the structure
and properties of the Ho36 hexaborides. The first h.ubortdgs were
desorided by Stackelberg and Neumann in 1932 [i:f for lanthanum, ce-
rium, praseodynium, neodymium,and erbium,

The borides of composition Hnni_havo' cubic lattice of the

type of caesium chloride,with a centered octahedron f{rom six boron
atons (Fig.1). It 4is crystasllo.chemically correct when we Anterpret
their structure in the shape of an octahedron frame formed by B at-

oms in whose hollows the metal stoms are placed (ﬁc.z). The common
shape of the structure of the compounds ,and to first approximation
t.the size of the ocell are basically determined by the frame of the B8 )
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Fig.l. Structure of hexaboride; ¢ ...metal; o.,,boron.

L L-( [ ] ,-— --‘\ :>.1 3

:
A
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Fig.2.Projection of the structure of HoB6 upon the
001 plane; o...mstal;fl...boron;" @ boron.

- 98 -



‘;tOMs. The metal shous a comparatngly lesser effect ,although the pec-i
uliarities of the cell dimension,and frequently also the properties are
related to the metal atoms. This is explained so that the hollows be-
tween the B octahedrons are rather large so that the meta) atoms could
be distributed in them without strong deformation,and in sowe cuses eve
en with supply of free distance, °

The rare-earth metal hexaborides can be divided into two sub -
groups [;é] the rertinence to which is determinea by the valency of
the metsl atom, an analogous thought is announced in work [;27 where
curves of effective atomic radii of rare-sarth metals were compared
after Klemm and 3ommer [5?7 with the lattice periods of the hexabor -
ides of those metals,and correspundence wis fourd between the course
of the curves, While for the majority of rare-sarth metals the course
of curves is characterized by a drop as tne order number of metal is
growing,for europium and ytterbium sn anomalous course is present,i.e.,
a sharp rise in both curves. For atomic radxii this is related to a
double~plus effective valency of europiun and ytterbium {rom whose
external shell the exit of a single electron for replenishing the def-
ect in the internal shell causes an enlaryement in the size of thece
atoms,

The close run of the mentioned curves indicates that the effec-
tive valency of metals in the hexaborides is near the valency in the
strictly metsl crystals and,morecver,it erphasizes the metallic char-

racter of bonding in the hexaborides, On Fig.3,both curves are illus- |
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Fig.3. Rrlation of atomic radil of rare-sarth metals /8/ and
lattice periods of their hexaborides to the order numbor:
0...0ur date; X...data of other authors,

(On ordinate: a..grudius of metal atom, A; beo.lattice
period of hexaboride,A ).

trated with computation of the data obtained by us for lsttice periods
of the hexaborides of eurcpiun, holmium, dysprosium and lutetium.

In its turn,with consideration of its above indicated interpre-
tation, the character of tha course of lattice period curves permits
to chose the latter values froa the existing values of lattice peri-
ods GdB, amb112 ~4.110 X [1,19), and w13 - 4t R (6,207 as
well as to interpolate the guproximate values of lattice periods of
the still unknown hexaborides of promethiun (a =2 4,128 £), terbiun

8 4
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? o 2412 ) and thullius (o & 4,11 .

We tried to establish the criteria of metal hexaborides forma-
tion as follous [21] + In the Ho86 borides the greatest number of mutu-
al bondings is formed bstween the B atoms(five),directed by the vertex
of the octahedron. The construction of these bdondings cannot be resl -
1204 only by single electrons of the B which has the maximum valency,
equal to three. Additionally,the attraction of about two elactrons
from the metal atoms is also required,which is confirmed by quantum
mechanical computations @z.z;}. Due to this, the possibility of hexa-
borides formation should be related to definite magnitudes of the first
and second potentials of metal ionization characterizing the degree of
linkage of two outer elagtrons. By comparing the factual material on the
pPresance of hexaborides in retals with the iorization rotentials of the
latter,ve conclude that the metals can form hexaboricdes in the case if
the magnitude of their first ionization potential does not excaed 6.6~
«6.8 oV,and that of the second === 11.5 to 12 eV, All rare-earth met~
als satisfy this condition, alsoc such bivalent metals as Ca,Sr,and Ba
which,as well known, also form metalloid hexaborides.

On the basis of the data known from the literature and obtained
by us on the values of lattice periods of hexaborides,the lengths of
the Me-~Me,Me-B and B-B bonds were computed. The value of the parameter
of the B atom was accepted equal to 0,207,in analogy to the structure
of CaBge The obtained lengihs of bonds are given in Table 1. The ra-

Ltic of the bond length to the sum of atomic radii (o) can serve as

- 101 -
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Fig.4.Relationship of values of the lines of bond lengths in
hexsborides to the order of rumber of lanthanides. (On
abscissa: Atomic number of metal)
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relative characteristic of the bond's strength.
From the examination of the relationship of these ratlos for

(Me=Me Me-B,and B-B bonds to the atomic number of the metallic compo-
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rhenta of the compounds,it follows égnt in each period the Me-Me and
Me-B linkages are diminished at the transition from bivalent into trie
valent metals (Fig.4). In the lanthanides group,this ratio for the
Me-Me linkages gradually decreages with the increase of the metal's
atomic number. However, two sharp peaks are for the hexsborides of eu-
ropium and ytterbium in which metal ions spparently are rresent in
the bivalent state,similarly to the ions of Ca,Sr and Ba.

The ratio 2 vy, / (B-B) will change relstively little with the
change of the atomic number of the metallic eombonenta in hexaborides,
but in hexaborides of the lanthanides group it alnost remaine cons-
tant,somevhat decreasing in hexaborides of europium and ytterbium,which
is related to the comparatively large atomic radii of the latter,

This shows the great rigidity of ths linkages of B atoas with
erch other,and it explains the stability of the M086 lattice,

Borides of H.BzicOIPOGItion. found for scandium and yttrium

£76.13.2Q7, tyrical for the transition metals with closed d-electron
state,have a structure represented by successive alternation of hexa-
gonal layurs of metal atoms, arranged in the nodes(points) of the close~
1y packed hexagonal lattice with a small ratio of c/a, and layers of B
atoms forming hexagonal two=dimensional cells (Fig.5).The spatial
structure of the MeB, tvpe can be represented as if built from trihed-
ral prisms. The B atom 4s surrounded by three B atoms, and six met-
al atoms. The B atoms are in the centers of the prisms,the metal atonms

(8> the vertices. The metal atom is in the center of hexshedral prisms
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Fig.5. Structure of diboride (MeB
(On figure: x...metal atom;
®...boron at:m)
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and is surrounded by 12 B atoms, The lattice period of diborides is
given in Tadble 2,

Borides of the Mogi composition .-= Accorxding to the data in the

literature,the tetraborides of uranium, thorium, cerium [17].1::6 yttrie
um [2&7 are crystallized in the M.B“ structural type. The same struce
tural type was found by us for the tetraboride of gadolinium, holmi-
un,dysprosium, and lutetium 51.12.1j.

In Table 2,the values of the § and ¢ periods(constants) of te- |
L
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TABLE 1, lengths of bonds in hexaboride lattices
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traborides are quoted according to the different acta.

The structure of tetraborides can be represented as a combina-

tion of structure mz and MeB¢ vhers MeB, formula iteelf is obtained

as an arithmetic average Me?u - i (HOBZ + MeBé). In the H.B“ structure

(there are both trihedral prisms of the Mosz type and tetrahedral ones |
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TrABLL 2, Jattice reriods of the dis and tetra-berides of

lanthanides,
P——————
[€Y;

Bopuaran Paza a ¢ ¢/a Jlumr:;‘fzg:uiz:z)
SRy . v v v v 3,140 3,810 1,118 V14
YB' L S R T T ) 3\7‘ ‘.40 l,|63 2‘
VB, ........{ 201 4,00 0.573 17]
CeB, . .. ... 7,208 4,090 0,868 25
PrB e & v . a3 s 0 7.2w ‘." ;' 0.570 ‘ !7
smB,. .. .....| 712 407 | 087 17
GdB‘ v e 8 s e & § & 7,13 l 3.” , 0‘54' l (6‘
GdB‘ $ . e 4 8 8 7.079 4.030 l o;m ! l‘l
DYB. L S S S S S | 7023 4.09 { 0;56‘ : l » 12
HoB, . . . . . M 7.15 4,00 Poo0s72 | 1, 12
Hﬁ‘ DR TR S SRR T R } 7‘w &m i o‘w ! *‘4]
LuB‘ s s e s 0 e 7.'8 4,0‘ ! o.m i [l I 121
LB, ........|] 698 390 | 0567 [14]

(Note: 1.,.boride phasa; 2...source in literature),

-W;‘lm.tlar somewhat to distorted MoB6 cubes { Fis5.6). In the centers of
the trihedral prisms ihe Aindividual B atoas are distriduted, but in
the channele leading through the tetrahedral prisms there ure octahed-
rens of B atoms, The uctahsdrors do o have common vertices. The B
atous from the sguare cross sections of the octshedrvas and the B at-
oms in the trihedr.l prioms form flst cells ¢f Ummember «nd 7-member

ringse Thus, the structural ground of M»Bh arpears (> be a combination

of :ioBz and MQB6.
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Fig.6. Structure of tetraborides.

Physical propertics of rere-earth metal borides

Thermionic emission.~ The paramsters of thermionic emiszisn of almost

81l rare-earth metal hexaborides hzve been now investigated. On Fig.7,
the relatlon of work functlion of rare-earth metal hexaborides is shown
to the crder number of the metallic components sccording to the data
of [5@7 snd supplementary date acquired by us,together with B,Tsarev
and G.2.Xudintseve,

For the qxpla;ntion of this relationship,the work [?Z]'nado use
of ths theory of atomic structure of rare-earth elements elaborated by

Ly.h.sl'ynshovich [ié] and of the representation of the electronic 1

- 187 .
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structure of hexaboraides { 12,22,2°:,29 = 3}/.

The essential content of this exrlanation is the following.

§

Fig.7.Relation of work function of rare-earth metal hexahorides
and of tne numter of pozsitle atates to the order numter of
the metsllic components,

(a. eonumber of ;ursible K states; B...work furction,
?ajbi Cs o sOrder number of m.tﬂl)c
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The bonding between the metal aend boron atoms in the h.xaboridu'

19 realized Ly electron cooperatives formed by electrons of the normal
or excited d-shell and partly of electrons pertaining to the s-shells
ol the metal, and not used in the linkage with boron. In the hexaborides
two systems of ener btands have to be considered - a narrow,weakly ex-
clted 4f-Dand, and a comparatively wide hytrid 5d-6s band. .

It is known that at the normal state the majority of the atoms
in rare-earth elements do not have S5d-electrons,but on asccount of the
vicinity of energies of the 4f and 5d states,the latter ones apparent-
ly penetrate into the hexaboride crystals,due to f-d transitions. In
particular,for the doubly ionized atoms of rare-earth elements, 4f )
4g™=1,5d traneitions take place [28].

The probability of f-d transitions and consequently also the
dagree of free conductivity electrons in the hybrid sd-band are deter-
mined by the degree of £illing of the 4Lf-band and by the nnl.bor of pose
sible states of the feelectrons in these bancs., -

Since the 4=f-shell of rere-earth elements is comparatively
weakly excited at the formation of chbemical bond [sz.tho aaximun mule-
tiplicity of Knund(?) 63] can be applied to it,according to which
the larger is the stability of the shell and the degree of linkage of
sts £illing electrons, the higher is the number of "tho possible terms.
On Fig.7,the nunber of the possible Lerms is nvon‘ for the 4f-elec-
trons in relation to the atomic number of the metals.

b The maximum multiplioity and,consequently,the greatest degree .|
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of electron linkage and the smallest possibility of fe-d transitions l

fits europium and gadolinium according to these data; each of them has
seven electrons in the Lf-ghell in the normal state.

Obvicusly,with the increase of linkage degree of the f-electrons
and with the difficulty of the f-d transitions, the work function of
the electrons ought to grow,which is qualitatively also shown by the
comparison of the relation of work function and the number of possible
terms To the atomic number, A sharp drop appears for gadolinium which
has one 5d-electron that seems to be essentially free, similarly to the
unique electron of alkaline metals, In the last rare-esarth element, the
lutetium,the appearance of one 5d-electron outside the closed 1l-elec-
tron 4f.zhell does not provoke a sharp drop in the work function at the
transition from ytterbium hexaboride to lutetium hexuboride, This is
due to the poverful shieldirg of the sde-orbits of the 4f-chell which is
very much saturated with electrons in the dysprosium-lutetium series.
E«sentially, after its atomic structure, lutetium should bg considered
not a rare-earth metsl but a detransition metal, the first in the or-
der of lutetium - platinum,

The values of work furction of scandium and yttrium (correspon-
dingly 2,96 and 2,22 eV) are subject to the laws estublished in work
['35] for the borides of transit.on metals.

Thus,the hexaborides of yttrium,lanthanum,gadclinium,and luie-
tium which have the smallest work function have the best prospect

tfor application in electronics, ]
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Fig.8. Magnetic momentums of the lanthanoids ard ¢f their
hexaborides.(On ordinate: Magnetic momentum.HyY ; on
abecissas Atomic number)

Magnetic properties.- On Fig.8,according to the data of the works

,( 32.36.327 we gave the relations of the magnetic momentums of lantha-
nolds and of their hexaborides To the stcmic number, Both  curves
practically coincide .This fuct points to a very weak participation
of the deeply situated,strcongly shielded Lf-states in the organiza-
tion of bondings botween the metal atoms and the complex atoms of By

in the nexaborides.

.



rEloctric and thermoslectric propertics.- Information on the electric

resistance of borides of lunthanides is very littie at present, At room
temperature, the specific resistance is 1?7 microhm om for lLaBg; 60.6
microhm m for CoB; /8], and 260 micronm er for smp [9].

Thus,the resistance of hexaborides increases wiih thoe growth of
the £illing of the uf-gtats,i.e,,with the growth of their stability,
according to the rule of Khund(}).

In connection with this,it can be expected that the resistsnce
of europium hexaboride will be the greatest and that of the hexabor-
ides of gadolinium,ytterbium and lutetium the smalleat. The character
of the resistarnce msagurement with the temperature for the hexaborides,
2s it was shown on the example of lanthanum hexaboride [jy i3 typieal
for the metals,

The investigation of the thermoelectric properties of hexabore
ides 58} indicates that the pructical absence of vacancy states in
the hexaborides causey s low value of thermoeleotromotive force in met-
81l vapors.

Other physical propesrties.~ As for the borides of the transition met-

als, tas lanthunide hexaborides are distinguished by melting at high
temperatures, haraness,moderate thermal expansion coefficient,and high
thermodynamic strength,

The most fylly dnvestigated are the thermal expansion coeffi-

clanty of those heraborides which with a sufficiently good expression

'rovul a bond with the atomic rudii of the metallic components,by 4

being inzresasd with ths decrease of the latter, Lfg.
- 132 -
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Questions and answers

Qe¢1In which form are the hexsborides used -~ in the form of
tapes, wires, or round pelicts?

G.V.Samaonov: Hexaborides for cathodes are used in the shspe
either of powder which,with the aid of a nitrobinder,is smeared upon
the tantalum cathode, and then the cathods is processed by suitable
manner, or in the shape of hotepresved specimens. At hotepressing,cyle
inders are made, then these small cylinders are processed into forms
recuired for the cathode. This processing is done by electric ercsion
or plate-sachanical method as well as by ultrasound,

Can wires,pellets and tapes be made from hexaboridesle- this
18 difficult to answer at prresent,but the preparation of such sec -
tions would be extremely useful and necessary. The tapes or wires of
heraboride could play an igportant role in electronic devices, Such

‘- .
& nuestion, therefore, w udd !aest be ont to the recearciers of nowder

rolling, - 115 -



PRECISICH DET<RMINATION OF ThHi LATTICEL PERIODS OF BCRCN CARRIDES OF
B,,75 TO 36.?5 COMPOSITION BY MRANS OF ROENTGA. CORAKS
OBTALLED WITdlv THi RANGE OF LARGE ANGLES OF

SCATTSRING (€ = 90° )
VeIlsKudryavtsev and G.V.Sofronov
(All-Union Seientific Research Instie
tute of Abrasives and Poliching)

Last mar in the All-Union Scientific Research Institute of Aba
resives and Folishing much attentior was paid to the problem of in -
creasing the accuracy of the roentgen methcd of research, psarticuiarly
at the vrecision determination of the orystal lattice constarts of
different substances,and firstly of the abrasive materialse- the sil.
ic¢on carbide, corundum,boron carbide. As a result of the conducted ex-
periments,first in the national practice of roentgenography,the problem
of fixation of the roentgen reflection maximunms in the range of large
scattering angles has been solved in an excertionallr simple manner,
At present,in the ordinar: Debye camera( ¢ 57.3 mm), roentgenogram can
be obtained with setting the reflection at 9 = 83,5%, and with the

Sachs camera, at & = 89,5
[ .|
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Fige.1.Roentgenogram tasen bythe largveangles metiod with
a camery having a needls collimator.

The intensity of the roentgen lines in the ranre of large scatter-
ing ai.gles is rather large,and the ghape of line is satisCactory wnich
alone pernits the aetermination of the €:) valie with ver: great accuracy
(Fige1,2)s

The ansolute values of the lattice constants are calculated dir-
actly by the angls 59 without, the use of any anslyvical or goupnlcual
metinod of extrapolaticn,with 3n accurecy in the order of + U.UUL percent.

of the measured magritude,
L.

s
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Fiz.2. Foentyenogram taken by the largee-angles method with a
camera having & readla collinator,
as.oprite,alpna-rgdiation of cobalt; b,,,flucrite,slpha-

radiation of nickel; c...tirconium boride, alpha radiation of

copper; d...tantalum boride, a.pha ridiation of corper; e...

alghg-radiation of quartz, alpha radiation of cobalt;:fees

sodium luoride,alpha radiation of copper,

e v, . e — [P

In our investizations needle collimators were used for the ca -
mera of the Debye tyre (Figs3a) and a flat cassette of new design with
needle collimator for the reverse film (Fig.3b).

The preliminary roentgen analysis of the technical samples of
boron carvide of unstable ocomposition showed that the values of its late
tice periads are chang=d from sample to sample. In some cases, on the

roontgenograms ootained by the large-angles method, we observed a )



Fig.3a.Roentgen Debye camera witk needle collimator,

Fig.3b.Flat casasstte with needle collimator for reverse
filn,

- LS .



';ary large shift of the lines,ceaching 5° (from 82 to 87°), This shift]
of the lines also resulted in a longer study of the lattice constants
§ and ¢ of boron carbide. As standard,we used two boroncarbide samples

of the following chemical cgmggsttions

for B, 4sC1 78,68 ehm,; #@ﬁ%nd; 04208 C, . o5 0.75%
32033 EERA ; R 4t ;

for By ,<Ct 82.865 Bhand$ 13.62% c.m; 0,22% B9, »

These samples were subjected to multiple roont;on examinations in cope
par,cobalt, nickel and chroajum radiation,

In the flat-cassette camera,the distance b:tween sample and film
was standardized by silver,photographed in nicke' rays (hkl = 422)
(= 830431), (Fages). Lattice constant g for silver.necord ng to [z}
was equal to &,07724 kX.

The photography in the oyliwdric camera with asymmetric charge
of £1lm made it rossible to determine the effective radius of the came-
ra for each roentgerogran “§th great preciasion,

The obtained roertgerograms were photometered on @ recording
MPli-l4 microphotometer, The microphotograms were measured on an IlAe2
comjarator, Tha accuracy of the Deb.e ring camera was ¢ 0.05 mm.

The precision determiration of the lattice periods of boroa carbide
was made by roentgenograms obtaired in the rarge of large-angle scat-
tering, For instarce,a* the pnotograph of Loron carbide (Bu.b5C} in
corper rays,the reflections on the roertgenograms was fixed at

L@B max * 8557+ ,and in chromium rays ‘t'éaunm - 8UOSL4/,



Fig.4.Roentgenogram of silver obtained ai reverse
reflection in nickel rays.

The hid indices of the reflectlon plane have the following values:

344 for copper &4 radiation,
328 for cobalt " "
419 for nickel " "
226 for chromium " "
At roentgerograms tsken in cobalt rays (Fig.5) and ccpprer rags,the
hexagonal crystal was composed of a system cf two equaticns of quadrat-

ic form. The solution of the two-equation system gave the following

- 122 -
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Fig.5.Roentgenogram of boron carbide B, “50 and B6 ? C taken
in cobalt reys with asyametiric film’ 75
placemert in a carera having needle coilimator.

L

values of magnitude g and g for the examined samples of boron carbide:

a,kX ¢, kX cfa
By 45 C 545897 12,0500 2.156
Bg.75 C 546300 12,1540 2,166

The shift of lines on the roontéenograma in the ranpe of large-angle
scattering, reaching 50, seems to be the result of distortions of the
erystal lattice which arise in the boron carbide as a result of the fore
mation of a hard solid solution of boron of very high concentration,

In Tahle | we give the values of the lattice periods of boron care
bide obtained by various authors.

& think that our results are very acourate and reliable since

the values of lattice psriods were determined by roentgenograms obtained
d
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TABLE 1., Values of iatlice constants g and ¢ of boron carbide

Hsay.
1 Asropu a. %X | ¢ K cla | Akl | 6 B,,C q::zez’

Amwen(3), 1983r.. . . .| 58067 | 12,0456 ( 2,181 | 306 | 37°%’ | B.C | Cu
Kagnos T. C,,

Mee r A,
b
CONOB
kyl.‘;"‘:esg"ar H- s o s @ w !2.&55 2.'“ m . ;g:%' ¥ Cu
] ' C
Cosponos T, B., 1967c 55987 | 120500 | 2186 | 344 | 8700 B, |1 Co

(Colum headings: 1...authors; 2,. radiauon. -

Namas of authors under 1: Allen .195@ ZhAanov, 3.5, Neer-
son V.A.,Zhuraviev iw.bk., Samsonov F.B, } 1554; Kudryavtsev
uoIo.ﬁOf!‘OhOV G, V. .195?)0
in the large -angle range of scattering.

For the stardard boron carbide,i.e.,the carbide with the saall-
est value of g and ¢ toustants, with the proposed hkl indices and wave-
langtn values cf the K -radiation of copper,cobalt,nickel and chromiws
we calculated the possible magnitudes of @ reflections (Table 2).

The experimentally observed values for boron cartide,taken in

cobalt rays,are alsc given.
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TABLE 8, Valuee of the @ angles

7

-

(Column headings t 1.,.hkl of reflection plane; 2.,.computed

value,Zi ) =radiation of copver; Z,.,zomputed v.luo.b(l -radiation

of ocodalt; 4,..experimentsal ulun.x"(l radiation of ocedalt; 6...cal-

oulated value, Ko Padiatior of chromius,)

{ — Pacwernoe 3 &e-q-famuat S pacvernce
A/ sususme, | smgetune, maetune, smpeenwe,
K..w K.'-nlym Ko, Nistyseune K.‘-luynene
T noSamTs miamr XPOMS
ol 9 8’ 1e* 27,5 t* 18 14° 44
003 1n* e 12° 50,5° 12° 8’ 16° 31.5°
102 11° 48’ 13° 41’ 13° 38* 17° 39’
110 18° 88’ 18* 37,5 18* 1’ 24° 07,5’
oi4 i 29,5' 20° 28.5' 0 X 26° 32’
201 18° 84 2° 08’ 2° w 2° 47°
13 19° 34,5 22° 82’ 2° a8 20 52°
02 2° o e 25’ e 30° 34,5
106 0° 525’ 24° 28,5 24° 9 3i° 885
008 22° ' 28° .5 - e 40,5’
204 M 025 22* 14’ 2% o 370 16’
121 25° o’ 0 U 29° U8 e 10’
412 %° 02,5 a0 Vs’ — 40° 44,8/
028 %° 45 31° 3’ 3i° 24 4l 595’
118 38° 07,5 33° 11’ - L4 28"
017 % 175 33° 235 38° 16 e 47°
300 » 2 ¢ 38’ — 45 04,5’
134 20° 208 M4 @8 M 46> 8¢’
03 X 835 3¢° 35,8 8°* 3’ 490 44’
218 31° %0’ 37° 48.5' 37° 415 Sle 3¢’
108 32° 185 »* 22 » 178 K2« 3¢°
207 9° 135 ¥ 3y - B J2°
22 3 28’ %° 42’ »° 3.5 540 50,6
ooY 8° M5’ 41° 49 - R 345’
311 3%° 108’ 41° 59.5° 41° b4 L8e 54°
223 35° 32,0° 42° 3.5’ 42° .5’ 89 57,5’
132 ° 8’ 42° 53’ 42° 505’ 00te 40,5’
0% 36° 57 “° 16 “° 10 43« g
308 3 & 45° 12,5 45° 12 65 16’
127 S 9 45" 24 - 65 4y’
3 38° 46° 42,5 v Ao 41 5
19 0 2.8’ 47 0’ 47° 42 Tie i*
o4 | »* 0’ 47° 20,3’ - 71e 38,57 |




(Tebie 2, cont.!

N ol f; -
1 Pacuerioe Paceernoe™ | Sxcnepumentamnot 5 pacverioe
Akl SHavCHHE, SHavenwe, SHaueHne, IHAVCHNE,
K, -nsyvense K o -Wanyvenne K, -usxysenne K -nsaysenne
nexn xolaxvra KXoBanbTa poMa
® o e o n - | BB
' 5" - 76 56’
0;;;0 4!: gG: 49: 46’ ) 49: 31,8’ T7e 42,5'
226 4£° 2 ’ 500 08.5' 500 05':5 79 15.‘5'
o | 4y 5 85 590 % -5
gg; 44° 02 B3° 9.5’ - -
m | g | ome ) e 1S
A0 450 27 55° 50,5’ 85° 47 : -
10,11 46° 00,5 £6° 40 - | -
410 46° 11,5 57° 40,5’ - : -
234 47° 32 58° 6.5 58° 87,0 ; -
309 48° 15 60> 02’ 60° 03’ | -
;ég 1 :gc ggo mo 5‘: - | —
o ’ 6(\: ls: — —
12,10 49° 48’ 62° 30’ 62° 25’ l -
00,12 49° 57’ 62° 44,5 - } -
loag T 3: gg's & 3 - ' -

a . [ hs: 14 - ——
047 50° &6’ 64° gg,f)' —_— ' —
2“?; ggc ﬁ' 670 15’5: - —

C ’ 670 ‘0: — -—

052 53° 32/ 69° 02,5° - -—
11,12 54° 20,5’ 70° 39° - ; -

408 54° 34’ 71 07 71° 05 ‘ -
21,11 84° 525 71° 477 - | -

418 55° 18,5' 72° 42,8’ - -
0 2 2 o B ue -
504 56° 30,5’ 75° 34° - -
421 57° 25,5/ 78° 07’ 78° C7’ —
01,13 57° 36,5’ 78° 40’ 78° 40’ -

a 57° 53.5’ 79° 36.5' 79° 36° —
242 §8° 12’ 80° 44’ 80° 43 -
055 58° 50’ 83° 31,5’ 83° 31’ -—
ge| s | osea | -
21 61° 25' -~ - -
151 62° 25,5' - — -
20,13 62° 37,5’ - - -

Tl ¥ - -
04,10 64° 11’ — - -

30,12 64° 225 ~ - ’ -

13,11 64° 54.5° - - -

336" 6s° 27’ - - -
507 65° 38’ - - —




r(.hbh 8,%0nt,)

i Pacwetnoe A1 % Pacwernoe acnepuzuwoe Pacwernoe
Akt NaNNNE, suavenne, SNRNGNNE, sHauenme,
K..mynemu K..-luyum Ko, HAyseiine K.'-luyq.u.e
' MeAN notannTa nofesmra

lu w 57.5' L aad — -
419 67° 87,8/ -— - -
12,13 68° 2’ -— - -
| 70° 02 — - -
2,10 70° 18,5’ -— - -
2212 70° 30’ -— - -
088 70° 42,6’ — - -
w111 7108 ! - - _
02,14 71° 28/ - - -
72° 19,5’ ! - -— -
00,13 | 73° OV 2 - - -
i 78° 28’ | - , - -
603 76° 21,5° ; -— —_ -
432 76° 59’ y - -— -
2‘8 no 27' ; -— b -
33,11 80° 17’ ] - -— -
21,14 80° 44.5' y -— ~— —
187 82° 08’ | - - —
520 82° ’ l — p— —
1,18 84° 38’ i -— - -
3“ 87‘ ”,5' ! -— -— ! -—

(NOTE, The 419 plane in the X« 1-rndutlon of nickel gives a refleo-
tion under an angle of = = 88°871),

o am—

Troa the caloulated data of Table 2 these practical conolusions

are drawn,
1. At the precision determination of the iaterplanary distan-

ces of the lattice of boron carbide, roentgenograms must be used od.
tained on one of the indicated anode plates. The maximum reflection

angles whiclh can be reached here are the following!

bkl 0
copper anocde 344 87930!
| cobalt anode 328 87°00"

— 126 —
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r Bkl Thete 1

nicksl ancde 419 86°87!
chromium anode 226 84°54"

2, Tor the precision deteraination of the lattice constants
of boron carbide,copper and cobalt plates must bq used, By two od-
tained roentgenograms,s system of two equations of quadratic form of
the hexagonal orystal is composed, The solution of this system gives
the vilue of constants § and g with an accurscy of + 0.001% of the
msasured magnituds,

In some cases, the reflection 083 and 328 in cobalt rays can
be used, The corrssponding reflection angles will de 83°31 ana 87°00.

The caloulated valuer of reflection angles '& for the normal
boron carbide with the proposed jk) indices and parameters o =
T 5,66967 kX, and ¢ = 12.060 kX are given in Table 2 (epatial group
Dssd « R gp, oondition of existence of reflections in the hexagonal
aspect h - k2 12 3n)

After the extreme values of the lattioe periods of boron car.
bides of commosition By ,5C and 36.760 have been cetermined, firetly,
with the method 0of large angles,the precision determination of the
& and g constants of boron carbide oan be made at all intarvals of
the compounds from By g to By o4, Secondly, the limits of the solu~
bility of B and C 4in boron cardide oan be accurately determined,
Thirdly,it can be tried to give a strictural diagram of the forma-

ition of a continuous series of boron carbides of different chemical _l



r;;npooitiono from 31305 to 31503 from the elementary boron carvile ‘~1

For this we carriad out roenigsn analysis of boron carvide sam.

ples whosa chemical composition is presented in Tadble 3 {see next page).

a "".-.7'“’. "c-’,m-.‘.“: d ’-o..‘f‘s)' B/C-s.”;
G O—g=p03l, B/C480; <2 0-gumie’ . BCes.Y
C #-0=Mt', BL=EL; £ e-0-tr e, 8IC~0.8.

Pig.8,R0entgenogram of boron carbide of different chemical conm.
position,taken with cylindrical camera ¢ 68,5 mm,vith needle collima. _
tor,in filtered Co rays,with asymmetri: film charge.
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r(_Mdiuon to Fig.8,000 previous page: last plane of reflection _1
338 ‘qu)-

The preocision determination of the lattice perieds of boren
carbide,as well as the exact determination of the limits of boron and
carbon solubility in boron cardids was made by ths large.angles meth-
od [i]. All samples were taken twioei-. in ccbalt rays with the use
of reflection from hkl = 338, and in ohromium rays with use of re-
flection froa hkl = 228,

. Jor each sample,the valums of g and g o‘f the boren cardide
lattice wvere deternined. The results are entersd in Tadle 3, and the
rosntgencgrans are in ¥ig.S. (See preceding page).

The obtained results permit to draw the following conclusions,

1, In oase of the ninimum values of btoron oarbide, these values
of lattice periods g and g are at the rate of By. s /Opona S 3.76 to
4.63, and the maximum values at the rate of Byong/Oyopng = 4.75 -

- 8,78,

3. The values of pericds g and g in the 33.750 = Bg gal
interval are practioally constant,

At (&= 5.5883 - 5.5908 kX; A a = 0.0082 XX ; ¢ = 13.044
- 12,086 xx; {o = 0.011 kx).

Periods g and g in interval R, ,5C =~ Bg ngC suffer marked

changes,Yor instance (Fig.7):
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rmm 3, (Firet half).Oharactersatics of the Boron Carbide samples j
¢ to 30.150

P2.15
(Note: a...Chemical commosttion $i l...By gl 20000, i

3. » .ctr‘.s ‘; . 's"bow; 5. . .81b°‘md) .
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rﬁbh 3.(B8econd half) Characuaristics of boron omrdide saxples

By 780 %0 By g0

B/C a xx | e Kx cla 8co-3
.78 5,5804 12,047 2,188 87°08°
333 85683 12,088 3,187 87°00"
3% 8,0008 12.044 2,184 87°08°
367 8.5007 12,045 9,188 87°08’
8.72 — -— - ”amu
399 - - - 87°00'
420 e ~ -
0 85001 12,049 2156 sre08°
7 8,5002 12046 2,188 87°04
499 - - - 87°00°
448 8567 12,080 2.156 87°00*
4.5¢ - - - 87°00°
483 | 88084 12,048 2,186 8r
.78 .- - - 88°30
‘,’ —— hand —-— p—y
8.07 8,008 12,148 2,108 8332
8.13 —- — - -
8.7 -~ -~ - 83°15°
52 56.6 15,168 2,168 8247
878 8,630 12,14 2108 81%49'
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Mgz, 7, Relatt~ of roafle~tinon angle T 2 the voadastisn of
9oron and sarton in boron cardblae, taker by the larre.
angies mether in cobalt rays; fieid of reflacticn hrl 2
328,

wWe have the values

fo- 35.07C = 5,506 kX ¢ 3 12.148 kX
for B3, 293 a - 5,517 kX ¢ ® 12,108 kX
far Bg,7s° a s 5, A% KX ¢ = 12,194 X

T, The baven carbudea 2T the Be 250 <e By 540 intarval anaear

as a *ontinuoue secvies nf gnlid Intrusinn endutione af carnon or B

irts tne B1als lattize mcenrding to the following f.rmula:

' B120z 0 = Byl



[Vhere 3,,0, ...ts the elemsntary boron carbide, The lattice of the |
By20; boron parbide 4s distinguished from the lattices of other com.
positians 80 that all hollows,--holes-~existing ia 4% are vacanocies,
1.0.,n0t ocoupied by either a B or a O atom,

According to Glaser ahd Noskowits [B],the maximun nusber of 0
antons,freely arranged ia the vaoancies of the ikoeahedric lattice °f
Hyg0s oquals two, and this time B30, transits into B; 30,. According
to Clark and Roard (8], two 3 atos are freely arranged, ant B;0,
transits into B, 0,

Thua,boron carbide of the composition B, .04 (32_ ‘O) has a
lattioce saturated with O atoms to the maximun, and B, 0; (B, 490)
is saturated with 3 atoms to the maximum, ¥We oconsider thess composi-
tions of boron carbide oritical,

4, The intrusion of additional B atoms into the lattice of the
critical composition ’14°8 may ooccur only by way of. their r;phoinc
the central C atoms in the linear chain O » 0 ¢ 0, In case of con.
plets replaceaent, '12 +3 4803 s )1503 is formed with a linear chain

b ~B a0 Inthe 3,0, - 31503 interval a continuous series of
€011 replacement solutions is formed,

The lattice periols of doron cardbide are Rere markedly eh;uacx
-« the larger the doron concentrasion is in the oo'itd solution, the
larger the value of g and g is, and the smaller the angle theta
1s (r14.7). |

L. .



r_ In case of boron carbide with a s0lid intraeion solution into
the whole interval of 33.750 = B, 430, the ratio of o/a equals 3.186,
and in case of boron carbide with solid replacement solution of
)‘.“ - ’6.76' this ratio {s increased,and 1t is 28,138,

According to Shdapov,Zhuraviev, Neerson, and Samgonov [i] ,the
formation of a continuous series of solid replacement solutions starts

earlier, 1,e,,vith Be 03. and in case of a full substitution ,a dor-

i
on carbide of the composition 31303 is foraed.

Results of the inveatigations

1, Induptrial samples of boron carbide of variable composi.
tion from By 40 t;o ’6.750 were u.w.ntuuod roentgenographiocally,
i.0.,by the large angles method,

2, Precision determinations were conducted oZ the values of
lattice periode of boron carbide in the By ;60 « Bg 7gC interval,

3. A range of continuous solid iatrusion solutions or Ber s
wes established inm By3C, without change in the lattice poﬂodl ia
the By 05 ~ 3503 = 3,0, intervala(See Fig.7).

4, A range of continuous series of e0lid replacement solu-
tions of the central C atoms in the linear Mn 0 ~C=0was os-
tablished in By .04 doron.

8. It was shown that ia case of full sudstitution,boron car- |
bide of composition B1s0- ia formed. The value of doron cardide per-
10ds in the 31‘03 = B150g interval does not remain oconstant, but 1t

J

f
“depends upon the B concentration iu the s0lid solution of boron



[carbide,The larger the B concentration 1s,the larger the parameters |
s and g are,end the smaller ia the reflection angle Theta,

Bidopraphy
1. V.I. Fudryavtsev.Abrasivy (Abrasives) No.8, TeBTI (

Gentral Bureau of ),1987,
3. 3,7.0rmont, Strukturs neor 1eholj:_1_ﬂ_x_ yeshghestv(Structure
¢f {norganic substancee)1880,p,3185,

3. R.D.Allen,J . Av, Clien, S0c. N0, 14,1963,

by (G.8.Z0danov, G.A.Meyerson, N.N.Zouraviev, G.V.Suzsonov, Zhura.
fl3.khim, (J.Phys.Chen,),v01,28,1554,p.6

5. F.¥w.Glaser, D.Moskowits,B. Post,J.Appl.Phvs.,v0l,24,¥0.6,
1954,
6. 0.Clark,L,Roard,J .Am, Chen, Soc, ,vol, 65,1943,

aestions and answere

Q.: Does constant g change in the B35Cg - B3 Oa interval?

V.I.Kudryavtsev: The magnituds oi constant g ia this interval
remaing without change,

Q.: What is the dimmeter of the needles used in the camera of
needle collimator?

7.1.0udryavtsev: For work with the Debye camera,we used a need.
le whose external dismeter is 2 mm,and the internal diameter of the
aperture is 0,4 - 0,6 nm, Neeiles can te alec used with smaller dia-
neter of internal aperture,but in this case the quality of the roant.
gonograme detericrates.

Q.! What was the photeexposure time?

v.1.Xudryavtaev; The exposure depends unpon many factors .. ..J
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f& the examined material,the wave length,and so on, 3,g.,for doron u—r_-l
bide photographed in cobalt rays on “Agfa" roentgen film,ths maximum
exposure was 3 hours. The filas were exclusively legidle,

8.t Yhat filme 414 you use?

v.1.Xudryavisev: We started working with Agfa fila,but later we.
changed to the HF.3 film type( single-side asro-.photo fils) which gives
almost no baackground, It is true,the exposure time was increased b’
this was compensated by the oclarity of the roentgenograms,

Q.: How many samples were examined and their density measured?

V.1.Iudryavtsev;: The total numder of examined saxples reached
800, The reliabdility of the results can be guaranteed, The density was
determined dy roentgen data from the megnitudes g and g,

The experimental data obtained dy ue,expressed in the fors of
a graph 13‘.“ S £(3/0) ,made possidle to precisely determine the
chemical ocowposition of boron carbdide.And they allowed the follow.
ing oonclusions:

1.4 the rasio s 3/0C 4,67, then '\5‘., 2870 (aobalt radie-
tion, hkl = 3238);

3. 1f 3/C > 4,67, then "?;n< 87°.

Reverse conclusion:

1, 100 gy X 870 , then 370 4.67;

2, 120 gy 870 , then 3/C D 4.67.

Q) Samples of tschaical boron cardide contain 81, Is 1t pos.
‘-Mblo that the ikosghedron vacancies are filled with 51 atoms? ~J
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rule,the 84 cortent e always 5 to 7 per cent,

Discussion on the repnrt of V, I Kudrygvtgev and G.Y,Sofroney

N.N.Zhuravlev (Moscow State University):

In the revort of V,1,Xudryavtsev and 0,V,80fronov {nteresting

V,1.Kudryavtsev: In the Tnghkent samples of boron carbide, as a

experimental data were obtained by changing the parameters of the eol-

ementary cell of the technical samples of boron carbide with change
of the content of C bound in the cardide,

The investization n? B alloys with C was done somoaratively
sarly both {n our country and beyond ¢h» borders, In addition to
roentgen examinations, tue properties of dboron carvide were also
searched by differeat methods. The results of the measurement of the
density of boron carbide samples witi: different content of dound C,
obtained in the work of Gleiser and otiers, and our results of den.
sity measurerents confirm to some extent the conclusion drawn in
the exsounded work on the formation ol 85113 intrusion soilutlion.

According to the data ¢ Gleizer an? others, the maximum
pyimormetric density in tiae aarbon.rich boron cartide samplies reach-
es 2,83 g/cma. In the carbon-rich samples examined by us and ty
3.V.Samssnov, the maximu: pyknonetric density was 2,60 g/ans,
wvhereaans the roentgenocgranhic examinaticn of the sizes of elemen.
tary ocells of carbon.rich samples showsd the minimun of its size,

The roentgen density,calculated from the By,03( B.()

composition s 2.51.3/033.

-
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r_ e different experimental and roentgen densities permit to

state that supplementary atoms intruded into the lattices of beron
carbide of nmo‘z oomposition, 1.0,, that #0114 intrusion solutions
were formed,

1t 1s interesting to ocompare the dats of the latter investiga-
tions with the constitution disgraze suggested in the works of Samson.
ov and Meyerson, Samsonov, Zhuraviev, and Amnuyel' and others.

Acéordinc to the cdata of the work of Samsonov and Meyerson,
rhombaheiral boron carbide is formed according tc the peritectic re-
action (Fig.1). This is not in agreement with the data of the works
of XuGryavtsev and Gleiser and covorkers whick point to the pressnce
of & a0lid solution in a consideradle range of concemtrations,

In the work of Samsonov,Zhuravliev and Ammuyel', another pos-
sitle variant of diagram was suggested for the ccmposition of the
boron-carbon system, In this case, the formation of two boron carbides
of closely similar structures was suggested (werk of Zhuravliev, Meyer-
son,Zhdanov, Sameonov), Thie supposition is based upon the results of
roertgenographic examination of a series of boron carbide samples,
rapidly cooled from high temperatures, On the roentgenogrems obtain.
ed with such samples,the ends of the line splinter,i.e, s if two
types of crystal ,with closely related structures,were obtained ,but
with different sizes of elementary cells, These sasples were relat-
.od tc a two-phase range,

. J
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r. later,in connection with the appearance of the work of Gloiur_‘
and others, the earlier examined boron carbide samples,showing splin-
tering of the line ends on the roentgenogram were sudjected to a more
delicate reduction. Then,in & heavy fluid the crystals of warious den.
sities were separated,for the separation,bromoform diluted with ben-
g0l wae used, In the bdromoform the crystale of maximusm and minimus
density separated from the sample, Roentgenogravhic examination show-
ed that the doron cardide crystals,possessing both minimun and max.
izun deneities separated from a single sacple, have identical struc.
ture and are diatinguished by the sige of their elementary cells.
Orystales witk large density have smaller elementary cells than the
orystals with less dersity.

In addition to these crystals,the samples contalned particles
with interradiate valué of density in the range from small to large.
On rosntgencerans obtained from these particles,the line ends were
eroded,which is explained by the presence of doron cartide crystals
of different sixes of the elementary cells, Thus,the presence of
boron cardide samples dces not show a composition fror two phases,
but from crystale of different size of the elementary cells,

The results of the works of Gleiser and Kudryavtsev will har.
monise with the constitutional diagram 4f 1t 1s assumed that on the
dlagren of constitution of the boron.cardrn system,theres is a max.
imum,and that boron carvide,while aprearing 4n a phase of constent

!
‘state,has a oconsideradle area of soludility. -.J



l'f.n.rmngm (Institute of Netal Ceramics and Special Alloys,

AN UBSR):
Hore wo witnessed the exrosition of the interesting methodol-

ogy of precision roentgen structural exaimination of structures, which
in my opinion raiesed two questions,

Obviously,the first condition of a work with fine disphragm
{0 & fine-grained structure of the studied odbjects. X,0,Paton Institu.
te of me.etric Welding ,AN USSR, gave opuortunity to Mochan a fevw
years ago to duild a roentgen camera in which the same needle colli.
mator was used as collimator, With the n&'of this camera,roentgen-
ograns of monocrystals could be taken in polycrystal odjects, By the
method of reveree phetography,Mochan oriented the X-ray beam uporn
licrocéapic monocrystale,vhere the dear had a oross-section in the
order of hundredths of millimeter, and he actually obtained roent-
genograns for monocrystals, You prodadly worked with a very fine .
~grained preparation, since with such fine bdeame you nevertheless
obtained a continuous ring.

Now,as to the acouracy of determination of the parsmeters,
Significant figures to the fourth place were given here,usually ocor.
responding to the method of standard reverse photography. Ia the giv.
on case, the standard was not aprlied, 0f ocourse, doudt arises as to
the reliability of the last significant figure introduced by You, Aes
a rule,the method of asymmetric photography guarantees up to the
:mm rlace, and not to the fourth of etill less t¢ the fifth, I

140 S
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r;ookon that in thia case it ie completely unnecessary to work with .“
standard,

VI fudryavegey : A fov words in reference to the comment of
1.N,Pranteevi ch.

Our first investigations with the use of injection needles
started in 1651, The experimental material what we gathered was re.
peatedly vorified.

Due to the shortage of time, I 414 not «ay anything about tae
fact that st the photography of flat adges we :xud silver as a stani.
ard, but later,wve used a more relicble standard -..monocorund or
thermocorund.. ,vhose linear expansion coefficient is a fov times less
than for silver,

The latter comment 1e adcut boron cerbide.We reckon that in
the 3)-05 « B1oCy = B1405 interval,nolid {ntrusion soiutions of 3
or C atems are formed in the boron carbide lattice without a change
in the lattice constant,

In the 31‘03 - 31503 interval, sclid eclution ie alec formed
with B replaceaent of the central C atoms of the € = 0 -~ § linear
chain,

G.V,Sansonov (Inetitute of Melal Ceramice and Speoial Al.
loys,AN USSR): The data given in the report are very iuteresting ,
and they deserve attention, the more o decsuese they mostly coln.
clde with the data of Gleiser end coworkers and the data of Allen,

' . _
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r. However, these aata,contrary to the confirmation of V,1,Xudr-
yavtsov,40 not refute at all the assusptions about boron ocarbide and
about the boron.carbon systam earlier Qeveloped by G,A Mesrson and
myeslf, B.F.Ormont and coworkers and myself, K.X,Zhuravliev gnd I.0,
Amnuel',and so on, but in our opinion they seem to be only their fur.

ther developmert and supplenentation (Zhurn.phys.khis, ,No,.8,1968).

It 1o a .pity that at the time of the publication of the article

in the Zhurnal phvs.khim,, ve 4id not imow the dats of V,I.Fudryav-

tuev,vet this chsnges practically nothing,einoe his data are close
to the results of Oleizer and Allen, The “compromise® forms of &la~
gres giver orn our work can serve as a start for further supvlementa.
tion and more sccurate etudy.

A8 it follows froe this diagram, the lower boundary of homo-
genous region of the well fpeed saples of the beta.phase almost
accurately corresponds with the 81403(19.2# ¢) composition indice-
ted by V.I,Xurdyavtsev, As to the upper boundary,this Ls much lower
than for 31205 according to Kudryavteevis data,slthough 1t would be
slready containing 31,2 percent, Q,because it goes beyord the boun.
dary of the well.entablished eutectics. fhe rechaniem of the re -
placemant of the C atoms in the C = C - C linear cnain by B atoms
[ﬁom original has O atoms.An error ?].n indicated by Xudryavisev
1% alao net new. It was worked out in the inveatigations of 0,8,

granov and coworkera, with ouw particiration, and previously mbde ___|
1 f
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r;inhm 1n a series of communications, vhere only another deundary of 1
thess ub;titutionl was indicated, corresponding to the fomu ’6.00
instosd of 3, 750 a8 lndicated By V.1.Kadryavtser, |

The continuity of transition from the 3.. gC phase( or, accord=
ing %0 Dadryavteev, from the 3, “c) to the B,.C, phase( or,sccording
%o Dudryartsev, to the 3,.0,) raises doudt since at the formation of .
thess two phases the physical processes are not identical. Phase 31308 .

18 formed Dy substitution of the vacancies( the holes) with 0 atoms,
sad phase 31203 - By substitutios of the B atoms with C atoms.

¥We eotadliahed this mechanism as a result of a thorough study
of the physical properties of doron slloys with cardon ia a wide
rangs of cardon concentrations.

In the report,the purity of samples aleo raises doubt, Ia the
mjority of cases, the samples ware odtained dy arc fusion, which
makes them strongly contarinated with silioon.

Under all circumstances,further invastigations should be oone
ducted on the properties of alloys of ixm important M.um.which
were obtained from very pure initial components, We are now ocnduct-
ing such an investigation with N.F . Zhuraviev, It would de very use-
ful if V.1.Xudryavteevy would joiz us, The precieion method of the
roentgen analyels o} boroa carbides which he has elaborated can find
vary serious application,

Tee firet results of this work are in agreement with our pre-



{;1on. regults odtained dy X.N, Zhuravliev and I.G.Almuol'. Wish the .4:.]

dition of cerbon to boron, the resistance of the latter sharply de.
creases on account of the decompensation of the bdonds between the B
atons,vhere the daron oarcide structure is formed with a large numbder
of holes on place of the C atoms,

Such alloy samples poasens a high conductivity of the hole
tyre, and high thermoelectromotor force in metal vapors( 280 . 300
microv / 9¢), '

It should be mentioned that the expounded resulte are prospsc.
tive in the sence of simplicity of technologically creating reprc-
duceable semiconductor properties 0f boron alloys with ocarbon, and
in the sense of duilding upon thie basis high-temperature semi.con.
ductor devices,e.g. ,thermoccouples resistant to high terperature,
which is the goal of research in our laboratory.

To sum up, still once more ! wish to emphasize the import.
ance of the sclentific research of the doron.carbon system, and I
wish to remark on the value of the methodclogy and the results of
V,l . Kudryavtser,vhich 4in themselves represent & turning point on

the road of more precise ideas adout this very complicated systenm,
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