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Compns. fCor the type PzX SUJBN (X equals Se plus Te) for.N equals~
0.6, 0.0,1 .,25 ,~ and 20 were prepd. by heating 11he
ir-d5ixt, 6f the components-in the course of 3 to 1hrt70degres
holding for I hir, heating 5 hr At 950 degrees and subsequent

quc olngi h ir to 20 degrees. Glassy melts contg. Te
smaller thanmor equal to -55, As smaller than or equal to 60,"
and Se smaller than 100 At.. percent can be prepod. The, region of -
glass formation in the co. qn. triangle It bounded in the direction
to the As apex by N equals c0.6, in the direction towards '.he Te
apex by a line given by the following corresponding values bf -N
and At. percent Te: 1 ''.;2.5-,i 57.1; 14, 48.0; 9, 45.0; 20.
36.9, and on the line at 20 At. percent Te. Smaller ten-
dency to crystn. at i' ezai'-als 1.0 and 2.5 compared to the melts
with N equals 1.5 is cauzed by the presene of As SUB2,A SUB3.
the cryst. phase in the --ast cryst. and polycryst. melts Is
formed mainly by Te an.u As SUB2 Te SUB3. D. and microhardness
were detd. for all sam es. D. of the glassy melt increases with -

progressing substitution of Se by Te, the appearance of the cryst4
phase, however, causes steep increase in Di The substitution o f
Se by Te Causes inre- In microhardness in melts with N equals
0.8, 9, 20. tAP1i28 I34
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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

periods of the Periodic System. Combination of these elements
leads to the formation of directed paired-electron bonds. Sub-

stantial regions of glass formation are obtained when arsenic is

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

component system As-S-Se (1]. When the components in the alloys

are replaced with their analogs, standing lower in the Periodic

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 AsTe0 .8 are obtained in conditions of hardening in
air [2], while with more severe hardening an alloy of the composl-

tion As2Te3 is obtained in the glassy state [33.

With an increase in the number of components in the alloys
tieir ability to form Class is raised; the number of spatially
different structural un*ts, which increases in this case, hampers
the separation of definite crystallne phases. In this connection

we might expect that in alloys of ttxee-compcnent systems containing

FTD-HT-23-746-72 1
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tellurium the ability to form glass would be higher as compared

with binary systems. Actually, comparatively large regions ;f

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 As S3-2 3
As2Se3-As2 Te3 was determined in work [51. In work £6) it was

shown that alloys with compositions from As2Se3 to As2 Se3 -As 2 Te3

can be obtained in te vitreous state along the section As2Se3-

As2Te3 -

This work involves determination of the region of glass

formation in the system As-Se-Te. To determine the region of glass

formation in this 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 synthesized by vacuum melting from elemental

arsenic, tellurium of mark V-3, and selenium of rectifier grade..

Ampules with the charge were heated to 7000C in the course of

3 -4 hours and held at this temperature for an hour. Then the

temperature was raised to 9500 C and the ampules with the melt were

held for 5 hours with application of vibration mixing. The mrlIts

were cooled by pulling the ampules out of the furnace into the air

(air hardening: 950 0C 5 min 200 C). For certain compositions the

specimens from parallel melts were synthesized in the flame of a

gas-oxygen burner. Te properties of the alloys obtained in the

two different synthesIs conditions were identical within the

limits of measurement error.

As the initial materials during synthesis of alloys of the

system As-Se-Te we took determined compositions in the As-Se

system which were investigated in work [7); in these compositions

selenium was progressiely substituted by tellurium. The content

of arsenic remains constant.

FTD-HT-23-746-72 2



Table. Data from research on the ystem AS-Se--"Le.

1I-'T IZi 30 j 7.51 4.67S 33 1 j. Cc~ I
S-C_ Tik: 562.5 i V,5 15.01 5.01 4

3Aii,-., 6:i.5 IV) !U. ,r 4X~7 hI- Ctcr.- (7)

4 j*;, 62. 1 . j C.1 -a ve~, A -. ~

7 5 O. :5.5 4.015 US te~
1! ~ 01 22--.5 I CtM 142

S5P =1 2U 4-045 1t4
!0 31.1. US 1 -5. 3ii U 37g C

;- A,.Tr. 40.Q 40.1 A334 (

~ loi 11 :.)4.53 1403 Cteab
5*. 0-4:c. 40.5 4.71S 125cems

14 11
Ai_,JcT WS) 9 ZI . 5.13M- Cw~t.

zoo6 2;.p 14;51 MO; !7Ew

1 ~ ~ 64 1 1& +c.1

4.0 476 .4 45S n I 14 I2
23 A - r..I , 4.0§ 3GP 244 1 4j~ 140C - -L
I24 IS.-"1 5 147

24 - 5'.Tc= 40-0 24.150 SOO 4.j 1e qma ( i

3135 25.7Ii~

K2:91 Aso.j., (2) Ceical3 71' !opsto; (3 Coteat1;(

Dens~~~t& (i)" 6/c.4 (5 irhrnss I) 9gr2 (6 em
(3) Glas (8)cysal (9) glsscrstl (10 Cr4 olid soluTon
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Table (continued)

______ _ .1 1 I 4 I . i
i -1

I0,0x iO 3S,0 54A,5%; Tc Kpz cm~ x is

'2 AsS-r, '315. so SS 0 xwn,

I JA 6

4r ZnAsceu lS j4.2 4502 (6f1fi 17C~ZC 4

The composltions of the ootained vitreous an glass-crystal'4ne i
alloys, the atoic % content of components in them, the total

co.ntent. of -ha-ogen in the alloys (X), their density, and their

mif-rohardness are presented in the table. The Compostion of

s eparated crystalline phases obtained by X-ray phase analysis is

also shown for alloys of the glass-crystal type.

42[_- &4i9 < $9'o

FLg. -lass formation raton ithe Tystem- As-e-Te. I - gass;
2 nlaso-crystal; 3 -vi os d gyth
nmnrhnas ror in t ton.
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The compositions of the vitreous and glass-crystaliine alloys

are plotted in the concentration triangle in Fig. 1 and the region

of glass formation In the system As-Se-Te is marked. From Fig. I
It Is clear that replacement of selenlum by tellurium facilitates

crystallization of the alloyr. However, this tendency toward

crystallization in the th--ecompenent system As-Se-Te is sub-
* stantially more weakly expressed than in the binary system As-Te.

This is indicated by the large glass-formation region In the

As-Se-Te system. Up to 58 at. P tellurum and up to 60 at.

arsenic can be introduced into the composition of the vitreous

alloys. As ifl the As-Se-S system, the glass formation region in

the As-Se-Te system is displaced n the concentration triangle

toward the side with predominating contents of selenium.

The naxi-um capacity for glass formation with tellurium Is

found In alloys with comensurate contents of arsenic and selenium

(from AsSe0 . to AsSe). In t selenides which contain 20 at.

or less arsenic the ability to .o-%r glass with tellurium is
noticeably reduced, while up to 20 at. % tellurium can be intro-

duced Into the composition of the elementary vitreous selenium; I
however, a further increase in the tellurium content leads to the
formation of crystalline solid solution. The reatest ability

to form glass with telluri u in alloys with comen=urate contet s

of arsenic and selenium indicates that selenium Is not the only

glass-for-Aer In this system. The appearance of more complox

structural units in the melt also favors glass formation.

n alloys of the composition AsX0 .6, 33 at. S seleniux (out

of 37.5 at. ) can be substI.ulted by tellurium. During the

synthesis of alloys with the composItIon ASX. 6 the formation or

a sal encrustaot on containing crystalline arsenic Is observed a

on the inner surface of 'the ampule. Thus the actual coposIt!_n

of the obtained vitreous alloys differs frTom the composition of

of the irt-al charge. Vitreous alloys of indeterainant composit1on

FTD6-HT-23-76-72 5



are singled out by a broken line in the region of glass formation

(Fig. 1).

-I In agreement with literature data, along the As 2 Se 3 -As 2 Te 3

(AsX.5 ) section 52 at. % of the selenium (out of 60 at. %) is

substituted by tellurium. The increased crystallization capacity

of the alloys along this section as compared with the AsI1 0 and

AsX sections is apparently connected with the fact that As 2 Se32.523
ar As2Te are Irividual compounds.

'3

I Tellurium and the arsenic telluride As 2 Te3 are the basic

crystalline phases which can be singled out in glass-crystal and =

polycrystalline alloys. In the glass-crystalline alloy No. 6,

enriched with arsenic, crystalline arsenic is separated. In alloy

-No. 43, which has a dominant content of chalcogens, it is apparently

their solid solutions which are separated.

SFig. 2. ature of the change
_ -in density of alloys as a

It function of the arsenic

I content. a- Assex; b-

As(Se Toas~0.s80.2~;e-

0.5 o.5,c -II As(Se 0 2 Teo. 8 ); f-
As(Seo 2 Te 0 8 ) 1 .

- 1.a Designation: r/c.3 g/c= 3.

The density of the glasses was measured with a hydrostatic
balance; nicrohardness was measured on the Pfl-3. The density of

the obtained vitreous alloys is increased linearly with substitu-

tion of selenium by tellurium. Crystallization of the alloys is

F-h--23-7ft6-72 6



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 compound As2Se3 (line 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 becomes ever smoother, virtually linear (lines

b-f, Fig. 2); there is a sharp deviation from linearity for alloys

which are partially crystallized.

The microhardness of the glasses In the system As-Se-Te

varies within the limits 80-170 kg/m 2 . When selenium is substi-

tuted by tellurium in the vitreous alloys of the composition

AsX. 5 , AsX2 .5, and AsX 4 the microhardness remains virtually

unchanged. The virtual invariability of microhardness during

substitution of selenium by tellurium over the section As2Se3-
As2Te3 was Indicated in work [5). In vitreous alloys enriched

both with arsenic (AsX0.8, AsX) and chalcogen (AsX9. AsX20) the

microhardness is increased noticeably as selenium is substituted.

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

60 at. % arsenic can be introduced into the compositlon of the

vitreous alloys.

2. The rature of the dependence of density and microhardness

of the obtained vitreous alloys on the ratio and conten; of their

components was established.

FTD-HT-23-746-72 7
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