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Compns. -for the _type #sX SUBN (X equals Se pius Te) for N equals
. 0.6, 0.8; 1, 1.5, 2.5, %, 3, and 20 were prepd. by heating the
i B nlzt of the componenis.in the course of 3 to 4 hr to 700 degrees,
holding for 1 ar, heating 5 hr at 950 degrees and subsequert
guick cooling in the air to 20 degrees. Glassy melts contg. Te
smallér than or egual io 58, As smaller than or equal to 69,
and Se smaller than 100 Ai. percent canz be prepd. The region of
glass formation in the compn. trlangle is bounded in the direction
to the As apex by N equals 0.6, in the direction towards ‘the Te
apex by a line g1v¢n by the following corresponding values of" k
and At. percent Te: 1.5, 13.0; 2.5, 57.1; 4, 48.0; 9, 45.0; 20.
36.9, and on the line Se=fe at 20 At. percent Te. Smaller ten-
dency to crystn. at H e
with H eguals 1.F is caaged by “the gresence of As SUBZ I SuB3.
The cryst. nhaaé in the Flass cryst. and polycryst, melts is
formed mdlnl; y Te and #5 SUB2 Te SUB3. D. and microhardness
Were detd. for 311 sampies. D. of the glassy melt increases with
i} B progressing substitut of Se by Te, the appearance of the c:yst
’ ghase ho ever, causes “teep increase in D; The substitution of
2 in microhardness in melts with N equals
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REGION OF GLASS FORMATION IN THE SYSTEM
ARSENIC-SELENIUM-TELLURIUM

Z. U. Borisova, V. R. Panus, and
A. A. Obraztsov

The highest capacity for glass formation with oxygen analogs
is found in elements of groups IV and V of the third and fourth
Combination of these elements

pericds of the Periodic System.
Sub-

leads to the formation of directed paired-electron bonds.
stantial regions of glass formation are obtainad when arsenic is

combined with sulfur or with selenium and also in the three-

component system As-S-Se [1]. Wwhen the components in the alloys

are replaced with their analogs, standing lower in the Perlodic
System, the ability of the alloys to form glass is reduced due to
the rise in the so-called "metallization™ of the chemical bonds.
Thus, in the arsenic-tellurium system only alloys of the composi-
tions AsTe and AsTec.a are obtained in conditions of hardening in
air [2], while with more severe hardening an alloy of the composi-
tion AsZTe3 is obtained in the glassy state [3].

With an increase in the nuxber of components in the alloys
thelir ability to form glass is ralsed; the number of spatially
different structural un’ts, which increases in this case, hampers
the sepzaration of definite csrystalline phases. In this connection
we might expect that in alloys of three-compcnent systems containing
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tellurium the ability to form glass would be higher as compared
with binary systems. Actually, comparatil-reiy large regions cf
glass formations are obtained in the systems As—Si-Te [4] and

As--Ge-Te [2].

The region of glass formation in the complex system 55233-
§528e3—%52Te3 was determined in work [5]. In work [6] it was
shown that alloys with compositions from A528e3 to AsZSe3-ﬁﬁ52Te3
can be obtairned in the vitreous state aiong the section 532593-

Te..
ész 3

This work invclves determination cf the region of glass
formation in the system As—Se-Te. To determine the region of glass

formation in thisz system and also for subsequent investigation of
the physicochemical properties of glasses of this system we synthe-
sized alloys of 45 compositions (see table).

The alloys were syntheslized by vacuum melting from elemental
arsenic, tellurium of mark V-3, and selenium of rectifier grade..
Ampules with the charge were heated to 700°C in the course of
3-4 hours and held at this temperature for an hour. Then the
temperature was raised to 950°C and the ampules with the melt were
held for 5 hours with application of vibtration mixing. The melts
were cocled by pulling the ampules ocut of the furnace intc the air
(air hardening: 958°C 5 min 20°C). For certaln compositions the
specimens from parallel melts weare synthesized in the flame of a
gas-oxygen burner. The properties of the alloys obtained in the
two different synthesis conditions were identical within the
limits of measurenent error.

As the initial materials during synthesis of zlloys of the
system As—Se-Te we took determined compositions in the As-Se
system which were investigated in work [7T]; in these compositions
selenium was progressively substituted by tellurlium. The content

of arsenic remains constant.
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Table. Data from research onut‘:he system As-Se—Te.
1 A\ 2]

(1) = Ticermeimz 1 3(3-.:@;,.x-w. az . ;,1 n;mf:s "m:;a?a 6
te = (2} araae AN S i Te .‘ Te) -‘.‘l'l,' ﬂ‘;-.liij (6] Hipmarccamer
'Y ] | 3 R . ) . s
4 .-‘z:-&'ih'fr 2> ! 9235 13500 15 +578 113 Crexzo
21 ASe ,Te,, 1625 22511501 - | 50 125 Crexow
AfAste, Ty, | 625 | 187 158 | 5 | 3.7 L1 Ciuexn} (7}
4 aste T las ju2l=m3 ) 2 | 599 16 Cre=w0
slasgfoq a2 ] 75 i3m0 543 132 Crexse
s G AN T, (025§ 37 1335 553 - A< Te,> A, Te -
~§ CIERIe {7:
EEL B 155 65
h TIASSe .. Te .. 1536 |5G5 § 39 405 b2 Crezan *
B ASy,  Toaz | 508 125 (178 ] _ | 4592 102 Crexce
ClAsS, L Tops (350 (22122 F 1 4TSS 157 Crezxo
20 | AsScpnsTen—; |354 (1S3 J 30 | 2 52 =3 Creaze }{7:
: A, “Tez,.s | 555 $3 § 355 523 162 Ciense
12 A, Te -, 106 | 34 | 400 5358 163 Cresso
AsTe 13} sen 173 Crezas
AsSe 71 433 13 Crexsn
3 ASS:’,E' iT:':q 333 1835 ! 100 1115 15 Crexzo
Hlase  fe., 1300 {39 |20 1918 | s Crerze
. £ A-‘;\-{q 37".;_-. :'9!! g,ﬂ 23.. 5 S,CB#’- l$£ C!c!_w
16 | Aase, T2y > 00 |38 13 ” 3355 109 Cresao (7
17 | asse ol e ;0a ] <00 3337 17 ] Creasm
] AsS T D1 =3 1350 %57 165 L5 k20
AsTe |7 3453 161 Cresae
Ay, i#l 15 [+ 4 Crexao
19§ AsSe, ST, ML 1436 1120 173 i2 Crex=o
20 | AsS,aie, B3 x| - 4973 149 Caeaw 3 .
7 AT T (400 13m0 330 | = | seme 1355 Crexsef ‘'’
RIaS T, 00 150 ;320 2 | 500 1a Cuccre
I3 | Aoy Yoo 09 {128 | =<8 s3 143 Crexre
. 25 |2 sSoupsTe, = (08 1 59 1 519 €3 —_ Agle, spaciax: (8
AsSe, 1] 153 i Ciezm
5| Ak Te,. 1255 ua 3 4] Crexca
. 5 lasc e, [ 786 428 |26 o3 | Creeso
THAS . Ty I BSIBT BT | =] 2 s Crreze i
= ASe - Tey; 236 (216 1 898 | 2 33 = SR
2 AsSe,ie.. 126 142|500 < | ses | O Ciez
3 | AsSe, - Teyy; § 2856 | 109 ( 614 359 -~ Cressocpeciazs {3}
M A T (26 ] T [ &3 8146 - AsTeo: T
4 Ges=x £7
AsSeqf7] 4 10 Cors =
T Al Ty, M5 (19 ] IE9 4755 13 Ciesse
LD A, Try e RS jus 28] o 5851 i1 Crexss ) 73
S &S Te, =0 wajwsl = 3% 17 Crexs
Blas, T, M ine|as 57 | 1 Cicae
% | AsSe, Te. g S0 1259 [ 60 350 -— Te spasvaas {8}
. EINO H | ' 135 5 Crexaa) .,
A A e, [100 j729 [i%e ! 64 2 Cresef *7°
L 3

KEY: (1) HNeo.; (2)
Density (d), ¢

-
=
&

em; (5) Hie

Chexlical composition;
rohardness (H), kslﬁz 3 (6) Renmarks;

(3) Content, at. %; {

i

Ay
> 7

(7) Glass; (B) crystal; (9) glass-crystal; (10) Cr. solid solutien.

Reproduced from
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Table (continued)

1 2 k k ] > & : b - E-
35 AsSe Ty, (100 [sto |0 | foses | e Crcxm
9 |AScoTes [108 |50 as0 ]| % | sum | Cresof 7!
B | AsSeycTeg 100 B9 S0 ] < i3% - Te sp=crazz {8)

AsSen [7] L 22/ Clex s
Hf Ao Te,, | 48 1738 Jise | - 4w 2 Ciesm } (7} .
2| AsScppaTrgg | 18 |5a 0§ 2 | 307 | 4 Crezzo - :
£ | AsSepaTep, | 38 1882 a2 = ; 54 . Yo Tep rpinceazs? (B} :

2

53 R o jrmpj2xnl _ 358 G ! s (7} -
< §Se. T o Ingj=a; 3x5 —~ P Kp serpr posirep (20} -

i gh S 1L Ll

The compositions of the ootained vitreous and glass-crystaliine
alloys, the atomic £ content of components in them, the total
content of chaicogen in the alloys (X), their density, and their
misrohardness are presented in the table. The composition of
ceparated crystalline phases obtained by X-ray phase analysis is
alsc shown for alloys of the glass-crystal type.
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Fig. 1. Glass foraation region in

the system As-Se-Te. 1 — glass;

2 — glass-crystal; 3 — glass with -
nonunifor= co=position.

e

o e R e LSt oo A

fh

"

AU e AT

i

FID-HT-23-786-72 2




| “-Wﬂ‘m“:m

Sl e

The compositions of the vitrecous and glass-crystalline alloys
are plotted in the concertration triangle in Fig. 1 and the region
of glass formatlon in the system As—Se-Te is marked. From Fig. 1
it is clear that replacement of selenium by tellurium faciiitates
crystallization of the alloyr. However, this tendency toward
erystallization in the three-compconent system As-Se-Te is sub-

. *  stantially nmore weakly expressed than in the binary system As—Te.
This is indicated by the large glass-formation region in the
N As—-Se-Te system. Up to 56 at. £ tellurium and up to 60 at. %

arsenic can be introduced intc the composition of the vitreous
alloys. As in the As-Se-S system, the glass formation region in
the As-Se-Te system is displaced in the concentration triangle
toward the side with predominating contents of selenium.

The naxisum capacity for glass forrmation with tellurium is
found in azlloys with commensurate contents of arsenic and selenius
(from ﬁsSeé.s to AsSe). In ¢- ~ selenid=s which contain 20 at. %
or less arsenic the ability to .ora glass %ith tellurium is
noticeably reduced, while up to 20 at. 3 tellurium can dbe intro-
duced into the composition of the elementary vitreous selenium;
hodever, a further increase in the tellurium content leads toc the
formation of crystalline s0lld solution. The greatest ability
to fora giass with tellurium in alloys with comzensurate content
of arsenic and selenium indicates that selenium is nov the only
glass-forzer in this system. The appearancs of aosre coxmpliex
structurai units in the meit also favors glass formation.

In alloys of the composition asX, ., 33 at. ¥ selenium (ocut
of 37.5 at. 3} can be substituted by tellurium. During the
synthesis of alioys with the composition isxﬁ.s the formation of
2 small encrustation containing crystalline arsenic 1s observed
on the inner surface of the ampule. Thus the actual compositiosn
of thc obtained viireous alloys differs from the composition of
. of the initlial charge. Vitresus alioys of indeterminant composition

1 e
o~ ko

oo
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are singled out by a broken line in the region of glass formation
(Fig. 1).

In agreement with literature data, along the AsZSeB—ﬁssz
(isxl.s) section 52 at. % of the selenium (out of 60 at. %) is
substituted by tellurium. The Iincreased crystallization capacity
of the alloys along this section as compared with the ﬁsxi‘o and
isxz.s sections is apparently connected with the fact that As
and ﬁszT%3 are individual compounds.

3

2Se3

Telluriu= and the arsenic telluride AszTe3 are the basic
crystaliine phases which can be singied out in glass-crystal and
polycrystalline alloys. In the glass-crystalline alloy Mo. 6,

enriched with arsenic, crystaliine arsenic is separated. 1In alloy

otk el e

W

[RARTIY

No. %3, which has a2 dominant content of chalcogens, it is apparently °

their solid soslutions which are separated.

»rhﬁ*’! Fig. 2. MNature of the change
A ﬂk in density of alloys as a
) \ “\ig\~ function of the arsenic .
\ \ ~f content. a — AsSe_; b -
% \e As(Seq gTeg 2)ys © -

df \d As(Seq Teg y2xs 4 —
[

hs(Ses.sfta.s}x;
L As(Seqy ,Te, glys
K : b 55(S°3.21t3.8)x'

g4 /‘3 Desig:f.;ticn: r/ea3 = 5/353.

B e
-

f -

The density of the glasses was measured with a hydrostatic
balance; microhardness was measured on the PMT-3. The density of
the obtained vitrecus ailoys is increased linearly with substitu-
tion of selenium by tellurium. COCrystallization of the alloys is
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accompanied by a sharp nonlinear increase in density. In the
binary system As-Se the density of the vitreous alloys varies
unevenly. The maximum value of density in the As-Se system was
obtained for the stoichiometric ccmpound Aszse3 (1ine a on Fig. 2)
[7]. As selenium is substituted by tellurium in the vitreous
alloys the nature of the change in their density as a function of
arsenic content beccmes ever smoother, virtually linear (iines
b+, Fig. 2); there is a sharp deviation from linearity for alloys

LR

which are partially crystallized.

4 e dwasilig gl
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The microhardness of the glasses in the system As—Se-Te
varies within the 2imits 80-170 kg/mmz. When selenium is substi-
tuted by tellurium in the vitreous alloys of the composition
55x1.5’ Asxzos, and Asx“ the microhardness remains virtually
unchanged. The virtual irvariability of microhardness during
substitution of selenium by tellurium over the section 5328e3—
ﬁssz3 was indicated in work [5]. 1In vitreocus alloys enriched
both with arsenic (Asxe.s, AsX) and chalcogen (Asxg, ﬁsxzo) the
microhardness is increasecd noticeably as selenium 1s sudbstituted.
by tellurium. The nature of the change in microhardness as a
function of arsenic content in vitreous alloys shows virtually
no differences from the change in density.

Conclusion

1. The region of glass formation was determined in the
system As-Se-Te. It was shown that up to 58 at. ¥ tellurium and
§G at. § arsenic can be introduced into the compositjon of the

vitreous alloys.

2. The nature of the dependence of density and microhardness
of the cotained vitreous alloys on the ratic and content of their
components was cstablished.
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