Chem. Met. Alloy4 (2008) 274-282
Ivan Franko National University of Lviv
www.chemetal-journal.org

Phase equilibria in the quasiternary system Agse—CdSe—IaSe;

I.LA. IVASHCHENKO™, O.F. ZMIY?, I.D. OLEKSEYUK!

! Department of General and Inorganic Chemistry yid\ational University, Lutsk, Ukraine
* Corresponding author. E-mail: inna.ivashchenko@ mail

Received September 16, 2008; accepted Decemb&0@s;

available on-line March 19, 2009

The quasiternary system AgSe—-CdSe-IpSe was investigated by differential thermal analysis, XRD,
microstructure analysis and microhardness measurenms. From the results of the investigation and
literature data, six vertical sections, the isothenal section at 820 K and the liquidus surface projgtion were
constructed. The nature and the temperatures of thénvariant processes in the AgSe—CdSe-InSe; system
were determined. The existence of a quaternary comopnd, Ag4CdodnesSao was established; the

compound melts incongruently at 1055 K.

Phase diagram / Thermal analysis / X-ray powder dffaction / Ag,Se—CdSe—IaSe

Introduction

The end of the  century saw the wide application,
along with the classic semiconductor material$;ail
and germanium, of chalcogenide compounds ,

, 2 3( —Cu,Ag; -12Zn,Cd,Hg; -Ga,
In; —S, Se, Te). It is well known that one of the
directions of semiconductor materials science in
developing new functional materials is the
complication of the investigated systems and,
consequently, of the compounds that form in these
systems. Since the above-mentioned binary
chalcogenides melt congruently and have narrow
homogeneity regions, they may be the components of
guasiternary systems , — 2 3. Ternary

,, and 2 4 and quaternary 2

compounds with valuable physical properties were
found in these systems. The systematic study of the
systems u,Se-HgSe-IsBe; [1], Ag,Se-CdSe-
GaSe [2], CuSe—-CdSe-bBe [3,4] revealed the
formation of wide solid solutions of the binary,
ternary and quaternary compounds. The layered
quaternary compounds  ~ U;4HgINe ¢S&6.6
Cu eCdyAneSea, were reported for the first time in
[1,4]. The AgSe—CdSe—liBe; system, which belongs
to the , — 2 3 group, has not been
systematically studied. Its investigation in theiren
concentration range is of interest, to determine th
boundaries of the solid solutions and the existesfce
new quaternary compounds. The construction of
vertical sections of the quasiternary system
Ag,Se-CdSe-hBe; and of its liquidus surface
projection will allows us to determine the natufehe
formation of the intermediate quaternary phases.
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Experimental

The alloys were synthesized in quartz ampoules
evacuated to a residual pressure of 0.1 Pa by gradu
heating of the elementary components (purity of-Ag
99.99 wt.%, In — 99.999 wt.%, Se — 99.9997 wt.%,
Cd — 99.999 wt.%) to a maximum temperature of
1200-1350 K, depending on the alloy composition.
The homogenizing annealing was carried out at 820 K
for 300 h. The obtained alloys were studied by X-ra
diffraction and differential thermal analysis. TB&A
curves were recorded using Pt/Pt-Rh thermocouples a
a set-up of a Thermodent regulated-heating furnace
and a H307-1 XY recorder. Powder X-ray diffraction
patterns of all samples were recorded using DRON-
3M and DRON-4-13 automatic powder
diffractometers (CukK radiation). Microstructure
analysis  utilized an MMU-3  microscope;
microhardness was measured using PMT-3M and
Leica VMHT AUTO microhardness testers.

Results and discussion

3.1. Bibliographic data on the quasibinary systems
3.1.1. The quasibinary system,8g—CdSe

The complete phase diagram of the ,3g-CdSe
system is presented [B]. It is of the peritectic type
with limited solid solubility of the components. &h
peritectic transformation point corresponds to the
composition 62nol.% CdSe and 1248. At this
temperature the solid solution of the high-tempeeat
(HT) cubic modification of AgSe extends from 0 to
68 mol.% CdSe. As the temperature decreases, the
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solid solubility of CdSe in Agse narrows, and equals
10mol.% at 82X. The thermograms of all samples
feature an effect that corresponds to the phase
transition of AgSe at 41X. The authors of[6]
studied the solid solubility of A%e in CdSe and
determined that it equals 0.84bl.% AgSe at
1063K. The paper7] reports the solid solubility of
CdSe in AgSe as 68nol.% CdSe at 124R and
2.5mol.% CdSe at 68K.

3.1.2. The quasibinary system,8g-InSe

The phase diagram of the &g-InSe system in its
entire concentration range is presented[dh The
existence of the compounds AginSand AginSe
was confirmed. The bW$e-rich region features the
existence of another compound, AgBe, which
melts incongruently at 10. The liquidus line that
corresponds to the primary crystallization of the
b-solid solutions of the HT Agl$e modification
touches the invariant horizontal line at
composition 50mol.% InSe. The AgIinSe
compound melts congruently at 1060 A eutectic
interaction is observed between the solid solutibn
the HT-AgInsSe and AginiSe; compounds. The
coordinates of the eutectic point are 166386 mol.%
In,Se;.

the

3.1.3. The quasibinary system CdSeSé&n

The system was reinvestigated/#. The compounds
CdIn,Se, and CdlgSey, form by the
peritectic reactions LgU CdIn,Se, (1183K) and
L+CdIn;SeU CdinSe,  (1123K),  respectively,
where g is the solid solution of the HT CdSe
modification. A eutectic interaction of Hh,Se; and
CdInsSeq occurs, with the eutectic point at 1145
82.5mol.% InSe. The solid solubility of IpSe in
CdSe reaches its maximum at the peritectic
temperature (118K, 32mol.% InSe&) and decreases
substantially with decreasing temperature (fodl.%
In,Se at 820K). The solid solubility of CdSe in
In,Se; at 820K is ~2 mol.% CdSe.

3.1.4. The quasibinary system AginS€dSe

The system is quasibinary with limited solid solitipi

of the component$9]. The liquidus consists of the
curves of primary crystallization of the-solid
solutions of the HT AglnSemodification and of the
-solid solutions of the wurtzite HT CdSe
modification. Thea- and -solid solutions exhibit a
eutectic interaction Ua + ; the coordinates of the
invariant point are 10 mol.% CdSe, 1085 The
-solid solution reaches #Ro0l.% AgInSe at the
eutectic temperature; it decreases with decreasing
temperature and extends to #8l.% AginSe at the
annealing temperature. The extent of taesolid
solution range is ®ol.% CdSe at the eutectic
temperature; as the temperature decreases td<,900
the range widens to 1Wol.% CdSe. A eutectoid
decompositioraUa '+g occurs at 900 K, whera' is
the solid solution of the low-temperature (LT)
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modification of AginSe The solid solubility of CdSe
in the LT AgInSe modification is maximum at the
eutectoid temperature a12 mol.% CdSe; it decreases
to 4mol.% CdSe at the annealing temperature
(820K).

3.1.5. The vertical section Agle- CdIn,Sg

The major part of this section is quasibinft9]. The
part 0-5 mol.% AglgSe and 1170-1195 K is non-
guasibinary due to the incongruent melting of the
CdIn,Se, compound. The section liquidus consists of
three parts: the primary crystallization of thesolid
solution range of HT-AglsBe;, of thee-solid solution
range of CdlgSe, and of the -solid solution range of
HT-CdSe. Theb- and e-solid solutions exhibit a
eutectic interaction, the coordinates of the iresatri
point being 12 mol.% Cdise, 1050 K. At this
temperature thé-solid solution extends to 10 mol.%
CdIn,Se, and the extent of the-solid solution is
54 mol.% AgIrSe. As the temperature decreases to
1025 K, the range of thie-solid solution increases to
15 mol.% CdlaSe, while the boundary of the-solid
solution somewhat narrows t@7 mol.% AginSe. A
peritectoid interaction of thb- ande-solid solutions
b+eUb ' takes place at 1025 K'(is the solid solution
of the LT AgInSe modification). The region of the
b'-solid solution at 820K is small ~8 mol.%
CdIn,Sey), whereas the solid solubility of Agi8e; in
CdIn,Se is 13 mol.%.

3.1.6. The isothermal section of the ,8g-CdSe—
In,Se system at 828

The isothermal section of the /&p—CdSe-hbe
system at 82 was reported by us ifil] (Fig. 1).
Wide regions of two-phase equilibria of the solid
solutions of the HT modifications of A§e and CdSe,
the LT modifications of AginSeand AginSe, of
Cdin,Se;, and of one of the polymorphous
modifications of InSe, separate the A§e—CdSe—
In,Se system into quasiternary sub-systems of various
sizes. There is one quaternary compound in this
system, ~Agy 4Ly 4N :Se0. The composition was
estimated from the results of the X-Ray phase
analysis. The two-phase equilibria of the compounds
AgInsSes, AginiSes, Ago4CdhdnesSeao CdinsSey,
In,Se;, that split the investigated system in thgSia-

rich region, are given by dotted lines because the
crystal structure of the quaternary phase has eeb b
determined. The phase compositions of all syntkesiz
alloys are shown ifrig. 2

3.2 The quasiternary system A8e—CdSe—IgSe;

3.2.1 The vertical section “AGd,Se"—"Ag ¢In;Se”

The section liquidus Hig. 3) is represented by the
curves of primary crystallization of thee andg-solid
solutions of the HT modifications of Agingsend
CdSe, respectively. The section crosses two plahes
invariant peritectic processes, ¢d#m+a (950 K) and
L+aUm+a’' (935 K), where is the solid solution of
HT-CdSe, mthe solid solution of HT-Agpe, a the
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Fig. 1 Isothermal section of the quasiternary systerniStgCdSe—kBe at 820 K:m- solid solution of the
HT modification of AgSe,a' - solid solution of the LT modification of Agingey- solid solution of the
HT modification of CdSee - solid solution of CdlgSe, b' - solid solution range of the LT modification of
AgInsSe, d'- solid solution of the kBSe modification that is stable at this temperature,-

Ago.4Cdy 4ng sSe0.

solid solution of HT-AgInSg anda' the solid solution

of LT-AgIinSe. The volumes of the secondary
crystallization of the binary peritectic ggm and the
binary eutectic Ua +g converge in the plane at
950 K. The plane at 935 K is the convergence of the
volumes of co-existence of three-phase fieldsnta
and L+a'+a. The system solidus is represented by the
curve of completion of the crystallization of thedry
peritectic L4gUm, by the lines b and cd that belong
to the planes of the invariant peritectic procesaas

by the curves b and de of completion of the
crystallization of the binary eutecticsUa +m and
LUm+a'. The line fg at 885 K belongs to the plane of
the invariant eutectoid proceafla '+m+g below the
plane the alloys are three-phase.

3.2.2. The vertical section A8e—CdIpSe

The section liquidus is represented by the curfes o
primary crystallization of then andg-solid solutions

of the HT AgSe modification and the wurtzite
modification of CdSeKig. 4). The section crosses two
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quasiternary sub-systems, Ag-CdSe—AginSeand
AgIinSe—CdSe-IrSe;. Within the first sub-system the
section crosses two planes of invariant peritectic
processes, lgUm+a (950K) and LaUm+a’'
(935 K). The volumes of the secondary crystallati

of the binary eutectic la +g and the binary peritectic
L+gUm converge at the first peritectic plane. The
volume of co-existence of the three phasesnta-
descends to the plane of the peritectic process
L+aUm+a' (935 K). In addition to the lines tand de
that belong to the invariant planes, the solidus is
represented by the curveb, cd, ef of completion of
the crystallization of the binary eutecticin+a’,
LUm+a, LUg+a, by the curve of completion of the
crystallization of the binary peritectic gble, and by
the curve fg that limits the region of existencetlod
gsolid solution. The invariant eutectoid processes
aUa '+mrg andaUa '+e+gtake place at 885 K in the
Ag,Se—CdSe-AgInSesub-system and at 890 K in the
AgInSe—CdSe-InSe; sub-system, respectively. The
alloys are three-phase below the listed tempemture

Chem. Met. Alloy& (2008)
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Fig. 2 Compositions of the alloys used to study the daasiry system Agpe—CdSeln,Se;.

3.2.3. The vertical section AgInSE€dInSe

The section crosses the fields of primary
crystallization of thea- and g-solid solutions of the
HT modifications of AgInSg and CdSe Kig. 5. It
crosses the plane of the invariant peritectic pgsce
L+gUa +e at 1010 K. The connecting horizontal line
of the plane does not coincide with the sectionibut
shifted to InSe;, therefore the alloys are three-phase
(eta+tg) below 1010K. The volumes of the
monovariant eutectic (la +g and peritectic

(L+gUe) processes converge at the peritectic plane.

The section solidus is represented by the cunies
(completion of the crystallization of tha-solid
solution),b (completion of the monovariant eutectic
process Ua +g), de (completion of the monovariant
peritectic process lgUe), ef (completion of the
crystallization of thee-solid solution), and the line cd
that lies in the plane of the invariant peritegtiocess

at 1010 K. In the sub-solidus region, the section
crosses at 890 K the plane of the invariant euigcto
process alUa '+etg The alloys are three-phase
(a'+etg) below this temperature. This region borders
on two two-phase regiong,+e anda'+g The extent
of the e-solid solution at the annealing temperature
(820 K) is ~8 mol.% AgInSe. The microhardness
changes from 2.90+0.10 GPa for Cdg to
2.74t0.10 GPa for the alloy with composition
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10 mol.% AgInSe — 90 mol.% CdlgSe. The phase
composition of all alloys of the section was
ascertained by microstructure investigation.

3.2.4. The vertical section AgInS€dInSeg,

The phase diagram of the AgInSE€dInSe, section

is presented irFig. 6. Its liquidus corresponds to the
beginning of the primary crystallization of the and
-solid solutions (of HT-AgInSe and CdIpSe).
Below the liquidus there are the volumes of the
crystallization of two binary eutecticsUL +e and
LUb +e (b is the solid solution of HT-Agh$e), the
binary peritectic L€U CdInSe, and a single-phase
volume ofe-solid solution. The crystallization of the
alloys ends in the invariant eutectic process
LUa +etb at 1000 K (partcd of the solidus), the
invariant peritectic process kU CdinsSegtb at
1035 K (parthk of the solidus), and the secondary
crystallization of the binary eutecticsUa +e and
LUb +e (partsb , de, and gh of the solidus). The
curveefgis the boundary of the region of existence of
the e-solid solution. The invariant eutectoid processes
bUa +etb' (b' is the solid solution of LT-AgkSe),
ala '+etb' and bU CdInsSegtetb' take place in
alloys of the sections at 900 K, 890 K and 950 K,
respectively.
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Fig. 5 Vertical section AginSe-CdInSe;:

ool CC C T e e e ()L 2)L+g (3) L+g+e (4) L +a;
-——t— (B)L+e (B)e (7)e+g (8)a+g+te
‘Ag,Cd,Se 10 30 50 70 90 'Aggin,Seg (9)L+a+g (10)a +g (11)a; (12)a +a’
ol %oAgnSe (13)a’; (14)g+a’ (15)g+a’ +a;
(16)a'+g+e.
T, KA
Fig. 3 Vertical section “ g,Cd,Ses™- 1200 ] O- one-phase sample

@ - three-phase sample
© - two-phase sample
e - results of DTA

‘AgelnsSe™ (1) L; (2)L+g () L+g+m
4g+m@GB)L+m+a;(6)L+a+a’ .
(7)L+a; (8 L+a5 (9 L+a +m 1100
(10)m+a'+a; (11) L+g+a; (12)m+g+a;
(13)m+g+a’; (14)m+a’; (15)m+a. .

1]

1000 ] :

1

T, K 4& O- one-phase sample . :
@ - three-phase sample 1

12004 © - two-phase sample 900415\ , ,900, V_ :
e-results of DTA 21 22 M

I
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mol. % CdIry Sg

Fig. 6 Vertical section AginSe-CdInsSe:
1, DL @2 L+e(3)e (4)L+e+b;
(5) L +e+ CdinSeyg; (6) L +a; (7) a;

900
I (8)L+a+e (9)L+e+b; (10)e+b;
- l (11)e+b + CdInSeg, (12)e+b +b’;
800 ¢ P (13)a+e+b; (14)a +e (15)a +a' +¢
T | (16)a +a'; (17)a"; (18)a' +€;
AgSe 10 ' 30 | 50 | 70 | goCdinSe (19)a'+e+b'; (20)a +e+b;
mol. %Cdin,Se, (21)e+Db'; (22)b'+ e+ CdInsSey;

(23) e + CdInsSey.
Fig. 4 Vertical section AgSe—CdlaSe;:

DL @2 L+g(3)L+m@)L+g+m 3.2.5. The vertical section AgBe—CdInSeq
(5)L+g+a;(6)g+a; (7)g (B)g+e This vertical section Hig. 7) crosses the fields of
(9 L+g+e (10)L+m+a’; (11)a+a'+m primary crystallization of thé- ande-solid solutions
(12) L +m+a; (13)g+ m+a; (of HT-AgInsSe and CdIpSe). The secondary
(14,16)a +a'+g (15)a'+g (17)a +e+g crystallization of the binary eutecticUb +e and the
(18)m+a’; (199m+a'+g (20)e+a' +g binary peritectic L€U CdinsSe, take place below.
(21)m+a; (22)e. The crystallization of the majority of the alloysds at
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1035 K in the peritectic process &8 CdinsSeg+b.
As this section coincides with the connecting line,
below 1035 K the alloys are two-phase — G8by
andb. The eutectoid procedsU CdInSegth' takes
place in these samples at 985 K; the extent of the
b'-solid solution at the eutectoid temperature is
10 mol.% CdIgSeo The solid solubility diminishes
with decreasing temperature, and equaBmol.%
CdInsSe at 820 K. The unit cell parameters vary
within the b'-solid solution from =0.57934(2) nm,
=1.1622(1) nm for AglgBe;, to = 0.58004(2) nm,
=1.1629(1) nm for the two-phase alloy of
composition 95 mol.% Agk®e — 5 mol.% CdlgSe.

equilibrium @+Ago4CdydnesSep). Its existence is
caused by the point b lying on a connecting
line, therefore the invariant process
L+CdInsSeoUd +Agy .Ch4ngsSeo in the alloy of
this composition ends with the consumption of both
the liquid and the crystals of the Cgi®, compound.
The investigated section crosses at 960 K and 895 K
the planes of  the invariant  eutectoid
processes dUd '+CdInSegtAgo L 4nsSe  and
d'Ud "+CdInsSe g+Ago 4Cth 4N 5510, respectively

(- and d* are the solid solutions of
polymorphous modifications of j8e). The three-
phase samples that contain crystals of

The microhardness decreases from 3.20+0.10 GPa for Ago4Cdy 4nssSa, d-solid solution and AginSe-

AgInsSe to 2.85-0.10 GPa for the two-phase alloys.

T, K A
1200 O- one-phase sample
© - two-phase sample
- results of DTA
1
1100
2
- 3 5
7 1035
1000 s 6
8 985 .
900 @ 10
o © © © © © © 0 ©
800<T
T T T T T T T T
AgIn;Seg; 10 30 50 70 90 CdIngSg,,

mol. % Cdlry Se

Fig. 7 Vertical section AglgSe—CdInSey:
DL @ L+b;3 L+b+e (4)L +g
(5) L +e+ CdInSeag; (6) b + CdInSey;
(7)b; (8)b +b"; (9)b"; (10)b' + CdInSey;
(11) e + CdInsSey.

3.2.6. The vertical section Agisge—CdInSag

The section liquidus is represented by the curfes o
primary crystallization of thed-solid solution of
HT-In,Se;, of the CdlgSe, compound and of the
e-solid solution of CdlgSe (Fig. 8. Below the
liquidus one finds, in addition to the fields ofrpary
crystallization, the fields of secondary crystaltion

of the binary peritectic LU Agln;;Se,
and the  eutectics ([ CdingSeqtd  and
LU Ago.CdhdngsSegtd. The section crosses at
1045 K the plane of the invariant peritectic praces
L+CdIngSeoUd +Agy 4Cch 4ns sSe,. The alloys from
part b of the section end the crystallization in this
process, therefore they are three-phase
(CdInsSeggtd+Ago Ly 4dngsSag) below 1045 K. The
alloys of part ab end their crystallization
in the invariant peritectic process
L+dU Ago.Cdy.4ns sSegtAglin Se- that takes place
at 1030 K. Below the peritectic plane, the alloys a
three-phasedtAgy 4Cdy 4N sSa+AgIn;Se ;). These

undergo at 965K and 890K the eutectoid
prpcessestd '+AgIny;Sa+AgoLCdy4ng Sy and
d'ud "+Agln;;Se+Agy 4Ly 4Ing 3S€0, respectively.

T, K A
O- one-phase sample
1200 © - two-phase sample

@ - three-phase sample

e- results of DTA 3

1100

1000 9
: 1 10 |

900

142
! ] . ] ] ] . ] . :
BOOT‘ I

T T T
Agin;;Se;; 10 30 70 90 CdingSg,
mol. % Cdlry Sg

Fig. 8 Vertical section AglpSe—CdInSeq:
(1)L (2)L+d; 3) L +e (4) L + CdInSay;
(5) L +e+ CdInsSey; (6) L +d + CdInSey;
(7) L +d + Agin;;Se 7,

(8) L +d + Agy.4Cdh 4N sSe;

(9) AGo.£Cth 4ns 3Se10 + CdINsSey + d;

(10) Ag.4Cdh 46 sSe10 + d;

(11) Ag.LCdp 4lng sSe0 + d + Aginy;Sa -,
(12) AgyACdy.4ns sSey + Agin:Se,

(13) AgyACdy.4ns sSey + CdInSeay;

(14) Ag.ACdp 4lng 3SE0 + d' + Aglny;Se 7,
(15) Agp.LCdp 4lng 5SE0 + d" + Agln:Se7,
(16) AgysCdp.4ne sSeyp + d' + CdInSey,
(17) Agy.ACdy.4ng sSeyo + d" + CdInSey,
(18) Ag.4Cdh.4n sSep +d +d;

(19) Agy.sCdy.4ns sSeyo + d;

(20) Ag.4Cdh.4ns sSey + d" +d;

(21) Ag.4Cdh 46 sSey + d".

3.2.7. Projection of the liquidus surface of the
guasiternary system Age—-InSe-CdSe

Based on the results of the present investigatiuh a
literature data, we constructed the liquidus swfac

three-phase regions are separated by a two-phaseprojection of the quasiternary system ,8g-CdSe—

Chem. Met. Alloy4 (2008)
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CdSe

I - Ago 4Cdy 4INg Seyg

Fig. 9 Projection of the liquidus surface of the quasitey system Agse—CdSe—kLSes.

In,Se onto the concentration triangleFig. 9. It
consists of ten fields of primary crystallizatiord o
phases, of which three belong to the crystallizatid
the solid solutions of the system componentsdlid
solution of HT-AgSe, g-solid solution of HT-CdSe
and d-solid solution of HT-IgSe). Six fields belong
to the crystallization of the ternary phases AginSe
(- and ‘'-solid solutions of the HT and LT
modifications), dIn,Se, (e-solid solution), dingSey,
AgInsSe (b-solid solution of the HT modification),
Agln.;Se-, and one field belongs to the crystallization
of the quaternary phase AL dy 4Ns3S8,. The fields
of primary crystallization are separated by 20
monovariant lines and 21 invariant points, of which
12 correspond to binary invariant processes and 9 t
ternary processes. The coordinates of the invariant
points, the character and temperature of the iawéri
processes are listed Trable 1

In the AgSe-CdSe—AgInSe sub-system, two
ternary invariant peritectic processes take plaeaeh
of which corresponds to a plane. The peritectic
reaction lp-+gUm+a (950 K) takes place in the plane
P:;-gma. The line AgSe 1) — AgIinSe (a) splits this
plane into two triangles with different nature of
crystallization. The amount of liquid in thega
triangle is insufficient for the completion of the
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peritectic process, therefore the crystals of latke
phases are present in the alloys below the pddtect
plane. The excess of liquid in the ;-a triangle leads
to full consumption of the crystals gfsolid solution,
and the crystallization of the alloys ends in aeroth
peritectic process, dstaUm+a' (935K). The
temperature and composition of the invariant point
were refined by an additional investigation of gfo
with a CdSe concentration of 2 mol.%. The character
of the crystallization in the peritectic quadrangle
~ma-a' is analogous: the alloys of the—m-a’
triangle crystallize as a combination of three glsas
while the alloys of the ,—m-a' triangle end the
crystallization in the monovariant eutectic process
LUm+a' and are two-phaser(a’) below the solidus
surface.

Seven ternary invariant processes take placeein th
AgInSe—CdSe-IpSe; sub-system, with a
corresponding plane at a certain temperature. For
instance, the peritectic processstgUa +e occurs in
the s—a—g-e plane (1010 K). The lina—e splits this
plane into two triangles with different crystallticn
of the alloys. The peritectic process in the pae—e
ends with an excess of crystals @éolid solution,
therefore the alloys end their crystallization hseé-
phase ¢+a+€). The samples having their composition

Chem. Met. Alloy& (2008)
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Table 1 Character, temperatures of invariant reactionscaaddinates of invariant points of the quasiteynar

system AgSe—-CdSe—bSe.

Invariant Reaction , K Composition, mol.%

point Ag,Se CdSe 558
e LOm*a' 927 75 - 25
& LOa +g 1025 45 10 45
e LOa +b 1060 50 - 50
€ LOe +b 1050 15.5 4 80.5
e LU CdInSegtd 1115 - 17.5 82.5
€ LUb +AgIn,;Se; 1063 15 - 85
E, LOa +etb 1000 35 5 60
E, LU Ago4Cdy 4ns sSegtb+Agin Se 1005 11.5 35 85
[ L+gUm 1240 38 62 -

P2 L+gUe 1183 - 48 52
Ps L+eU CdInsSey 1123 - 22.5 775
Pa L+dU Agln;;Se; 1077 13 - 87
Ps L+CdInSe U Ago4Cth.4nssSeo 1055 9.5 7 83.5
P, L+gUm+a 950 69 8 23
P, L+aUm+a' 935 73 3 24
Ps L+gUe+a 1010 37 8 55
P, L+eU CdInsSegtb 1035 12 6 82
Ps L+dU Aginy;Se7+Ago 4Cch.4Ns sSe0 1030 8 5.5 86.5
Ps L+Cd|rhSQ00 Ago4Cd04|n638Q_0+b 1020 11 6 83
P, L+CdInSeU Ago.4Cdy 4ng sSeqt+d 1045 9.5 4.5 86
m al L+a’' 942 73 - 27

#m- solid solution range of HT modification of A%e,a, a' -

solid solution range of HT and LT modifications of

AgInSe, g- solid solution range of HT modification of CdSe; solid solution range of Cdj8e, b, b' - solid
solution range of HT and LT modifications of AgB®, d - solid solution range of HT modification of,Be:.

inside the —a—e triangle of the peritectic quadrangle
end the crystallization in the invariant eutectiogess

L ,0a +etb at 1000 K. The peritectic process
LpseUb +CdInSe,, takes place in  the
+—e-b—-CdInSe, plane (1035 K). The alloys falling
onto theb-CdInsSeq line of the AglrSe—CdInSey
section are two-phase below the peritectic plaimegs
the invariant process ends with the simultaneous
consumption of both the liquid and the crystalghaf
e-solid solution. The alloys of theb-CdInSe,
triangle crystallize as three-phase ones, while the
excess of liquid in the part b-CdinSe,

of the peritectic plane leads to a further
monovariant eutectic process, 4L¢Ub +CdInsSe.
The 7Ago.4C.4Ne 3S6,~CdInSe—d plane
features the peritectic interaction
Lp+CdInSe U Ago Ly dnesSagtd (1045 K). The
alloys are two-phase below the line connecting the
Ago.4Cdy 4ng sSa o compound and thd-solid solution.
The crystallization of the alloys in the triangle
AgoCy4neSa—CdinSe—d ends with the
consumption of the liquid, while the alloys of the
—Ago.4Cy.4Ns sSe —d triangle end the
crystallization in the invariant peritectic process
LpstdU Ago .Cth.4Ng sSeetAgin;Se, (1030 K). The
alloys are two-phase below the connecting linehef t
corresponding peritectic plane between
Ago.4Cdy4nesSag and Agin;Se- The crystallization

of the samples of the AgCd, 4ns:Se—0d—Agin;;Sea;

Chem. Met. Alloy4 (2008)

triangle ends with the consumption of the liquidhiber
the alloys of the s—Agy4Cdy4nesSe—Agin;Seas;
triangle end the crystallization in the invariantectic
process LU Ago.Cdh4nesSactb+Agin;Se, at
1005 K. This process ends the crystallization of al
alloys of the Ag.Cdy 4nesSa—AginSe b triangle.
The temperature of the invariant eutectic point was
ascertained by the investigation of additional
synthesized alloys with CdSe concentrations of @ an
5mol.% CdSe. As the crystal structure of the
quaternary compound AgCdy4dnssSe, is not
definitively established, and the composition ma&y b
adjusted, the coordinates of the invariant polkand
the position of the horizontal line of the process
L s+CdInSe U Ago.Ch4ngSe, (1055 K), where
this compound forms, are not definitive. For thensa
reason, the extent of the peritectic plane
~Ago.4sCdy 4N Se-CdInSaeqd is also not
definitive. The investigation of the Cdbe—
Agln.;Se- section recorded effects at 1020 K that, in
our opinion, correspond to the invariant peritectic
process Lg+CdInSea U Ago.Cdo.4ns sSeactb.

Conclusions
X-ray phase, differential thermal, and microstruetu

analysis and microhardness measurements were used
to construct for the first time six vertical secti the
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