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The phase equilibrium diagram was determined for the Sc203-Ga20 3 system. A quench­
ing furna ce, wound with 60 percent Pt- 40 percent Rh wire, was emp loyed for experiments 
conducted at temperatures up to 1,800 °C. An induction furnace , having an iridium crucible 
susceptor, was used to obtain higher temperatures. Temperatures in the quenching furnac e 
were measured with both an optical pyrometer and a 95 percent Pt-5 percent Rh versus 
80 percent Pt-20 percent Rh thermocouple. The melt ing point of Ga 20 3 was determined 
as 1,795 ± 15 °C. Experiments at temperatures as high as 2,405 °C failed t o melt 8C20 3. 
Two intermediate binary phases, a compound believed to be 6SC20 3· 5G a20 3 and a solid 
solution occur in the system. The solid solut ion phase appears as a single phase in the 
region roughly defined by t he compositional limits of 55 to 73 mole percent Ga20 3 at t he 
solidus. The 6 : 5 compound, stable only at high temperatures, mel ts incongruent ly at 
1,770 ± 15 °C and decomposes below 1,700 ± 15 °C. The compound appears to have 
orthorhombic symmetry with a= 13.85 A, b= 9.80 A, and c= 9.5 A. The indicated un­
certa int ies in the melting points are a conservaL ive estimate of t he overall inacc uracies . 

1. Introduction 

A recent publication by Schneider, Roth, and 
Waring [1]1 outlined the general sub solidus phase 
relations for binary combinations of oxides of the 
trivfllent cations. The paper was intended to 
provide a basis for subsequent detailed phase equilib­
rium studies of systems which might be repre­
sentative of a particular group of systems. As part 
of a series of binary systems selected for study 
from those delineated in the previous work, the 
present investigation reports the phase equilibrium 
relations in the Sc20 S-Ga20 3 system. 

Scandium sesq uioxide (SC20 3) is cubic with 
a = 9.S45 A [2] and has the C-type rare earth oxide 
structure (Tb03)' It has no known polymorphs. 
The melting point of 8C20 3 has not been previously 
reported although it was estimated to be about 
2,300 °C [3]. 

Several polymorphic forms of Ga20 3 are known to 
exist [4] . The only stable modification, commonly 
referred to as beta gallia, is monoclinic with a= 12.23 
A, b=3.04 A, c= 5.S0 A, and ,8 = 103.7° [5] . Gold­
schmidt and coworkers [6] estimated the melting 
point of Ga20 3 to be approA'imately 1,900 °C. Von 
Wartenberg and Reusch [7] reported a value of 
1,740 °C. The latest melting point determination 
on Ga20 3 was that of Hill, Roy, and Osborn [S] 
who reported 1,725±15 °C. 

2 . Materials 

The starting materials used in this study were 
found by general qualitative spectrochemical anal­
ysis 2 to have the following impurities: 

1 Figures in brackets indicate tbe litcrature references at tbe end of tbis paper. 
' Tbe spectrochemical analyses were performed by the Spectrochemistry 
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SC20 3-Y present in amounts less than 1.0 percent. 
La, Mn, Si, Yb, and Zr ; each present in 
amounts less than 0.1 percent. AI, Ca, 
Cr, Cu, Fe, Mg, and Pb; each present in 
amounts less than 0.01 percent. Ag present 
in amounts less than 0.001 percent. 

Ga20 3- Al and Si; each present in amounts less 
than 0.01 percent. Ca, Cu, Fe, Mg, Ni, 
Pb, and Sn; present in amounts less than 
0.001 percent. Ag present in amounts less 
than 0.0001 percent. 

3 . Apparatus and Test Methods 

A specially designed quenching furnace as well 
as an induction furnace were used in the present 
study. The quenching furnace is of interest be­
cause of its suitability for extended use at tempera­
tures up to 1,800 °C.3 It consisted essentially of 
two concentric alumina tubes encased in a "Transite" 
framework and insulated with alumin a grain. The 
inner tube (0 .d .-7~ in. , 24 in. long) and the outer 
tube (o.d.- 2 in., 17 in. long) were wound nine turns 
per inch with 20 gage, 60 percent Pt- 40 percent Rh 
wire, and 20 gage, SO percent Pt- 20 percent Rh wire, 
respectively. Separate power sources were used 
with each of the two windings. The power to the 
outer winding (booster) was supplied from a variable 
transformer. No attempt was made to control the 
temperature of the booster other than with approxi­
mate settings of the transformer. An a-c bridge 
type controller [10] in which the furnace winding 
was one arm of the bridge was used to obtain and 
control the temperature of the inner winding. As 
indicated by the thermocouple, t emperatUTes in the 
hot zone of the furnace were easily controlled to 
± 3°C. 

3 All quoted temperatures referring to the present work are given on the Inter­
national Practical Temperature Scale of 1948 ('l'ext Re vision 1960) [9]. 



The specimen was placed in a small (0.d.- 3 mm, 
i.d.- 2.6 mm, H in . long) 80 percent Pt- 20 percent 
Rh tube which in turn was suspended from the 
quenching hooks in the ho t zone of the inner tube b~T 
0.005 in. diam 60 percen t Pt- 40 percen t Rh wire. 
The hooks were made from 20 gage 60 percent P t- 40 
percent Rh wire. A 90 percen t Pt- 10 percent Rh 
versus 100 percen t Pt thermocouple was used to 111eas­
ure temperatures below 1. ,650 °0. For meaSUl'emen ts 
between 1,650 and 1,800 °C, both a 95 percent 
P t- 5 percen t Rh versus 80 percent Pt- 20 percen t 
Rh thermocouple and an optical pyrometer were 
used . It is noteworthy that it was necessary to 
shield the thermocouple with 90 percent Pt- 10 
percent Rh foil in order t o reduce t he pickup of 
induced emf at high temperatures. Even when the 
shielding was adequately grounded, the use of 
electronic equipment to record the output of the 
thermocouple was impossible. To overcom.e this 
problem , a high precision potentiometer and spot­
light galvanometer were employed to measure the 
d -c emf of the thermocouple. 

The optical pyrometer was sighted through . a 
calibrated 45° glass prism using the bottom of the 
quenching hook-th ermocouple assembly as the tar­
get. The platinum aHoy tube could not be seen and 
thus approximate blackbody conditions probably 
prevailed . In every instance, the thermocouple and 
pyrometer values agreed to within 10 °C. 

T he essential features and characteristics of the 
induction furnace used in this work has been pre­
viously described [11]. In essence, the induction 
furnace simply consisted of an iridium crucible and 
cover which acted as the susceptor. The crucible 
with cover had the following overall nominal dimen­
sions : height-% in., 0.d .-~j6 in ., and wall thick­
ness- %4 in . A small fragment of a sintered pellet 
was placed on a small iridium button which in turn 
was set inside the crucible. Temperatures were con­
trolled manually and were measured with an optical 
py rometer sighted through a calibrated 45° glass 
prism and the %4 in. diam hole in the crucible cover. 
As verifi ed by calibration data, blackbody conditions 
were apparently obtained. 

The temperature measuring systems of both the 
quenching fmnaee and the induction furnace were 
frequently calibrated against the melting points of 
Au (1,063 °C), Pd (1,552 °C), and Pt (1,769 °C) .4 
In addition, the measuring system of the induction 
furnace was also calibrated against the melting point 
of Rh (1,960 °C). Temperatmes measured in either 
furnace were considercd to be accurate to at least 
± 5 °0 below 1,650 °0 and ± 15° above. Precision 
of the measurements were better than ± 5 °0. 

Specimens were prepared from either 0.75 or 1 g 
batches of various combinations of SC20 3 and Ga20 3' 
Calculated amounts of each oxide, corrected for 
ignition loss at 1,000 °0, were mechanically mixed , 
pressed at 10,000 Ib /in.2 into a % in. diam pellet and 
fixed on Pt foil at 1,350 °C a minimum of 6 hr. The 
specimens were th en ground in an agate mortal', 
remixed, again pressed into pellets and fired atl l ,600 

, The purity of the metals used for calibration purposes was better than 99.9 
percent. 
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°0 for 12 h1'. The pellets, without regrinding, were 
again fired at 1,650 °0 a minimum of 12 hI' and in 
some cases as long as 30 hI'. 

Subsolidus as well as some melting point data were 
obtained by the familiar quenching technique. 
Following the preliminary heat treatments, the 
specimens were ground , placed in the platinum allo~­
tubes and fired at various temperatures for different 
periods of time in t he quenching furnace. The t ube 
containing t he specimen was quenched into icc water 
and then examined by X -ray diffraction at room 
temperature using a high-angle recording Geiger­
counter diffractometer and Ni-filtered Cu radiation. 
Equilibrium was assumed to have been attained when 
the X-ray pattern showed no change after successive 
heat treatments of a specimen or when the data were 
consistent with the rC'sults from a previous set of 
experimen ts. 

Solidus temperatures were established using both 
the platinum alloy quenching furnace and the 
iridium crucible induction furnace. Because of the 
temperature limitations of the quenching furnace, 
melting points above 1,800 DC were determined 
exclusively with the induction unit . However, 
below 1,800 00, some duplicate determinations were 
perfonned in each of the furnaces . 

Solidus temperatures were determined by visual 
observation of quenched or rapidly cooled specimens 
which had been held at a given temperature approxi­
mately 30 to 60 sec. Powdered samples in platinum 
alloy tubes were used with the quenching furnace 
determinations while small fragments of a sinterecl 
pellet set directly on the iridium button were used 
as test specimens in th e induction furnace. M elting 
of the specimen was indicated by a combination of 
evidence. A part ially or completely melted speci­
men characteristically slumped very slightly and 
invariably adhered to the side of the platinum allo:v­
tube or iridium button. In addition, the specimen 
had a translucent , pearly to clear appearance. 
Solidus temperatures, as recorded, are estimated to 
be accurate to ± 15 °0. 

Liquidus temperatures were practically impossible 
to determine because of the high viscosity of the 
liquid phase. In essence, the physical appearance 
of a partially melted specimen did no t differ appre­
ciably from that of a completely melted sample. 
X-ray patterns of mel ted specimens were extremel:r 
diffuse and difficult to interpret. A consistent 
correlation between the degree of melting and the 
X-ray pattern of a specimen could not be made. 

4 . Results and Discussion 
The equilibrium phase diagram for a major portion 

of the ScZ0 3-GaZ0 3 system is given in figure 1. I t 
was constructed from the data listed in tables 1 and 
2. The solid circles r epresent the compositions and 
temperatures of experiments conducted in the 
quench furnace. Open circles indicates those studied 
in the induction unit. Triangles represent the 
boundary limits of solid solution areas as determined 
by t he parametric method [12]. The liquidus curve 
given in the figure is considered to be a reasonable 
estimate of the true liquidus. 
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T ABLE 1. Experimental quenching data jor compositions in the Sc20 3-Ga20 3 system 

Com position Ileat treatment a 
X·ray diff raction analyses b Remarks 

Sr,0 3 Oa,O, Temp. 1'ime 

- --------

l1{ole% Jfole% °C hT 

90 10 1650 2 SCZ0 3SB' __ _____ _____ • ___________ ___ .-- - --

87. 5 12.5 1530 6. 5 Se,O'" .............. .. .. . •.•............ 
1650 2 Se,O'" ......... . ........... . . _. ________ . 

85 15 1530 
1650 

G. 5 SC203~8C __________________ ______________ _ 
2 S('203~~d_ _ _ _____________ _ _______ _ ________ U S! not detected. 

.1727 
82.5 Ii. 5 1650 

4.5 SC' 0 3" __ ________ . __________ . ________ __ __ 
2 Sc,O, .. +U,,'. ___________________ __ ____ __ Similar resnl ts obtained on specimen fnrnace cooled from 1,650 °e. 

1727 
80 20 1650 

4.5 Sc,O, .. +6:5. _________ . __________ __ __ __ __ 
2 Sc,O, .. +U"d. ________ . ____ ____ ____ __ ____ Similar results obtained on specimen fnrnace cooled from 1,650 °0. 

75 25 1530 
1650 

f). 5 SC203u+ U~8 e __ ___ ________ ____ ______ ___ _ _ 
2 Sc,O, .. +U .. ' ____________ __ ________ __ __ __ Similar resnlts obtained on specimen furn ace cooled from 1,650 °0. 

100 

Go2 0 3 

1692 
1709 

4. 5 SC20 3n+Uesc __ ___ ______ _____ ___ ___ _____ _ 
3.5 Sc, 0 3,,+U,,+6:5'. ____ __ ________ __ ... ... Reheat of 1,650 °0 specimen noneqllilibrium; 6:5 forming with U .. decreasing 

in amount relative to previous heat. 

Footnotes at end 0 r t ablc. 
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TABLE 1. Experimental quenching data for compositions in the Sc20 " Ga20 3 sy ~tem-Contillued 

Composition n eat t reatment. 
X -ray diffraction analyses b Remarks 

Temp. 'r'ime 
- -------------·--~---~~-~---~-i---------------·---------

jlJ ole% Mole% 

70 30 

66. 667 33.333 

60 40 

55.56 

54.545 

53.846 

50 

47.5 

47. 5 

45 

42.5 

40 

37. 5 

35 

30 

30 

27.5 

25 

22 .• ) 

20 
15 

10 

I 44. 44 

T' " .. 
(6: 5) 

I 46. 154 
(7:(,) 

50 

52.5 

52. 5 

55 

57. 5 

60 

62.5 

65 

70 

70 

72.5 

75 

77 .. > 

80 
85 

90 

°C 
1760 
1304 
1441 
1441 

1447 
1447 
1650 
1747 
1757 

1642 
1304 
!G50 
1747 
1760 
1768 
1758 
1763 

1689 

1761 

1760 
]762 
1405 
1758 
J443 
1447 
l4it 
15.55 
1650 
1760 
1648 
1680 
1709 
1423 
1450 
1471 
1555 
1650 
1742 
1405 
1429 
1440 
1453 
1559 
1650 
1429 
1442 
1400 
1475 
1559 
1423 
1442 
1423 
1442 
1471 
1559 
1650 
1227 
1402 
).>55 
1650 
1.>55 
1650 
1650 

1227 
1550 
1650 
1650 

1550 
1650 
1550 

1650 
1227 
1650 
1650 

hr 
4 

64 
24 
68 

68 
68 
2 
3.5 
4. 5 

5 
64 

2 
4 
4 
1 

4 

10. 5 

4. 5 
16 
4 
6 

68 
21 

2 
2 
5 
4 
4.5 
4 

66 
19 
21 

2 
2 
2 

16 
18 
19 
19 
2 
2 

18 
220 
19 

4 
2 

156 
220 
156 
220 
21 

2 
2 

94 
2 
2 
2 
2 

25 
30 

94 
2 
2 

24 

2 
2 

30 

2 
94 

2 

8c, O,,,+6: 5 _____ ____________ _____ __ ____ _ 
S C2 0 Sl!s+ G aZ0 3ss _ ___ ------------------ --
SCZ0 3ss+ U SB____ ___ _ _ _ _ ____ _ _ __ _ _ __ __ ___ _ N onequ ilibrium. 
SC2 0 SBS+ Ga2 0 38S_ _ _ ______ ____ _______ ____ N onequilibrium ; U~l! decreasing in amount relat.ive to previous beat . 

+US8 
SC2 0 388+ U 8Sd ____________________ _______ _ 

8C'0 3"+U ,,+Ga'0 3" _______________ ____ Nonequil ibrium ; reheat of 1,304 °C specimen. 
SC203,,~+ U I!~d ___ __ ___ _____ _________ _____ _ 
8C,0 3 .. + 6: 5+ U .. ____ _ _ _ _ _ _ __ __ __ __ __ ___ _ N onequilihrinm . 
SC2 0 3se+6:5+Uss____ __ __ _____ _____ ___ ___ R ebeat of 1,747 °0 specimen; nonequilib rium ; U~I! decreasing in am ount relative 

to previous heat. 
SC2 0 3M+U ee c _______ _ __ ___ __ ___ __ ______ _ _ R ehea t of 1,757 °C specimen. 
SczOa",,+ Gaz0 31:!1! ____ - ----- --------------
U 1II'+SeZ0 3I!/ld ______ ___________ __________ _ 

6:5+8c,0 3 .. +U,, __ . __________ __ ____ ____ _ Heheat of 1,650 °C specimen ; noneQuilibrium. 
6:5+8c,0 3" ______ _____________ ____ ______ R eheat of 1,747 °C specimen . 
6:5+Sc,O,,,+U,, _______________________ N onequilibrium. 

6:5+U .. +8c,0 3.' __ ____________ __________ Calcined only at 1,300 °C for 20 hr; nonequilibrium. 

6:5+U,,+8c, 0 3" __ _____________________ _ Calcined only a t 1,300 °C for 20 hr; llonequilibrium ; U" and 8C,0 3 .. barely 
detectable. 

U"+8C' 0 3"d ____ __________ __ _______ _____ Calcined only at 1,300 °C for 20 hr; specimen heated first to 1,761 °C for 1 hr 
then cooled to 1,689 °C . 

6:5 ___________________ ____ ________ ___ ____ Calcined only a t 1,350 °C for 16 hr; m ay be small amount of U" presen t. 

6:5+ U .. +8C'0 3"________ ____ __ __ ________ Calcined only at 1,350 °C for 20 hr; ll oneQuilibrium. 
6: 5+ U""_ _ _ _____ ____ __ _______ __________ _ R eheat of 1,760 °C specimen . 
Oa, O,,,+8c,O,,, _____ __ _________________ Calcined only at 1,350 °C for 20 hr. 
fi:5+U,, __________ _____________________ _ Calcined onl y at 1,350 °C for 20 hr. 
Ga201BI!+SC203~tl+U8S------ ----- --- _____ Nonequilibrillm; U~II presen t in very small amounts. 
U 8~+SC20 388 __________________ _____ _____ _ 
U s9+SC203g~d __ ____ ___________________ _ _ _ 
U sB+SC203~~o ___ __ _ _ _ _ _ _ ___ __________ • __ 
U~!:!+SC203 ... sd __ __ • ______________________ Sim ilar results obtai ned on specimen furn ace cooled from ],650 0 0. 
U.,+6 : 5 ___ ___________________________ _ 
lJ"+8c,O,,,d ________ ______ __________ ___ Reheat of 1,760 °C specimen. 
U"+SC'0 3,,d __ ______ ___ _______ ________ __ Heheat of 1,760 °C speci men . 
U,,+6: 5 ____ __________ _______________ ___ Reheat of 1,760 °C specimen. 
0 3,0 3,,+8c,0 3,, ____________ ___ _ 
Ul:!B+SC203~e-_-- _________________ ____ __ _ _ 
U Bs+SC203~ad __ .. _______________ _________ _ 
U Ba+ SC203~sd _. ________ ______________ _ • __ 
U "+8C'0 3" _____ __ _____________________ _ 
U 1'01'0 ___ _ _______ ___ ________ _ _ ____________ _ 

o a20 ~~ .. _________ ______________ ____ . ____ _ 
Oa,O,,, ________________________________ _ 
Ga20 3~B+ U 8 S__ _ _____ __ ____ __ ___________ _ ")Jonequilibrium . 
U ss+ SC2 0 3sB---- ______ ___ _____ __________ _ 

lJ aB ____ --- -- -- _ ----- ----- - __ --U ,, __________ ___ _______________________ _ 
G a20 3ss ___ ___________________ __________ _ 
Oa20 3ss+ U 8S _________________________ _ _ _ 

'U sa- _____ __________ -. ___________________ _ 
U ss ___________________ -- __ ___ - -
U ss ___ ____ ____________________ ____ _____ _ 
o a,0 3,, _____________ _______ ____________ _ 
Oa20 3~ !1+ U ss-------- _____ ___________ • __ _ 
Ga20 3.'1s ________________________________ _ 
Oa2 0 3se _________ ________ _______________ _ 
Oa, 0 3,,+ U,, _______________ ___ _______ __ _ 
U se - ___ _ ___ ____________________ ___ _____ _ 
U I!!, ____________________________________ _ 

Oa303 s~ ________________________________ _ 
Ga20 ;)~l! _____ __________________________ _ 
U~s+Ga20 3sl! ______________ ____ ______ __ _ 
U ss _____ ___ ________________ ____ _______ _ 
Ga20 3ss+ U ss---------- _______ _ 
U ~s+Ga203ss _____ _____________ ___ _ 
Oa, 0 3"(I )+Oa,O,,,( II)+ U,, __ __ ________ 8 pecimen n ot quenched; noneq uilibrium. The Oa,03" phases h ave di fferent 

unit cell dimensions. o a20 3.'1B _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ ___________ _ 
Oa20 3s9 _____________________ _ 
Oa20 3ss+ U lIe ______________ _ 
Oa,0 3,,(I )+ 0 3,0 3,,( II) _______ _ Specinlcn n ot quenched; noneq uilibrium. 

unit cell dimensions. 
The 03, 0 , phases have different 

Ga'03,, ________________________________ _ Reheat of 1,650 °C specimen. 
Oa,O,,,+ U ,, ___________________________ _ 
Oa,0 3,,(I)+ Oa,0 3,,( II) ______ __________ _ 

Ga20 3ss _________ __________ _______ ____ __ _ 
Ga20 3sF ___ _________________ ____________ _ 

8pecimen not Quenched; noneqnilibrium. The Oa,0 3" phases have different 
unit cell dimensions. 

Same results o btained on specimen furna ce cooled from 1,650 °C. 

Ga20 3ee ________________________________ _ 
03 ,0 3,, ___________________________ ___ __ _ 8ame resnlts obtained on specimen furnace cooled [rom 1,650 °C, 

8ame results obtained on specimen [urn ace cooled from 1,650 °C. 

a Unless other\Vise indicated, all specimens calcined at 1,350 00 fo r 6 hr , 
1,600 °C for 12 hr and at 1,G50 °C for a minimnm of 12 hr prior to quenching 
experiment. 

'Extraneous X-ray peaks at d~2.i216 A anil d~2.4212 A; probably represent 
nonequ ~libdl1m phase . .. . 

d Extraneous X -ray peak at d~2.i216 A; probably represents noneqUlllbnum 
phase . b Phases identified are given in order of amount present at room temperature: 

ss-solid solution; U-soJid sol ution of un known structure type; 6:5-compound 
haying approximate composition of 6 8c,O,,50a,03. 
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TABLE 2. M elting characteristics of the SC203-GaZ03 system 

Composition' 
Temper- Fur- Observation d 
ature h nace o 

So,O, Oa,O, 
---------

"'[ole % l\1.ole % °C 
100 0 2345 I N ot m elled. 

2405 I Do. 
90 10 1975 I D o. 

2010 I Do. 
80 20 • 1750 Q Do. 

1784 ? Do. 
1814 D o. 
1828 I Do. 
1849 I Do. 
1874 I Do. 
1890 I Do. 
1970 I Do. 
2030 I P artially melted. 
2073 I Do. 

75 25 1760 Q Not m elted. 
1778 Q P artially melted. 

• 1800 Q Do. 
1825 I Do. 
1870 I Do. 

70 30 • 1763 I Not m elted. 
1771 I P artially m elted. 
1819 I Do. 
1882 I Do. 

50 40 1768 Q N ot melted. 
1786 Q P artially melted. 
1818 I Do. 
1842 I Do. 

55.56 44.44 ' 1761 Q Not melted. 
(5:4) , 1763 Q Do. 

54. 545 I 45. 455 
1782 Q P artially m elted. 

• 1761 Q Not melted. 
(6:5) 1771 Q P artially m elted. 

53. 846 I 46. 154 • 1762 Q Not melted . 
(7:6) 1774 ? Partially m elted. 

50 50 1757 N ot m elted . 
, 1758 Q D o. 

1775 Q Partially melted. 
1778 I Do. 
178il I Do. 

47.5 52.5 ' 1760 Q Not melted. 
1767 Q Partially m elted. 
1777 Q ])0. 
1778 Q Do. 

45 55 ' 1760 Q Not m elted . 
1775 ? Partially melted. 
1789 Do. 
1805 I Do. 
1831 I Do. 
1982 I Completely melted? 

40 50 1722 I Not melted. 
1742 Q D o. 
!i58 Q Partially m elted. 

• Specimens calcined at 1,350 °C fo r 6 hr, 1600 °C for 12 hr, 
and at 1,650 °C a minimum of 12 br prior to m elting pOint experi­
ment. 

h Specimens fnrnace cooled except when indicated. 

Because of the temperature limitations of the 
equipment, only the melting point of Ga20 S could 
be established. The melting point of Sc20 s has been 
e timated to be between the melting points of BeO 
and A120 3, about 2,300 °C [3]. However, all attempts 
to melt SC203 in the present work at temperatures 
as high as 2,405 °C proved unsuccessful. The 
melting point of Ga20 s "vas determined to be 1,795 
± 15 °C. This value compares rather unfavorably 
with the 1,725 ± 15 °C value reported by Hill , Roy, 
and Osborn [8]. The determination of Hill et al. [8], 
was made on a strip furnace which is generally 
subjected to considerable random errors. To verify 
that the melting point of Ga20 S was at least above 
1,769 DC, the melting point platinum, a small 
piece of Pt ribbon was imbedded in pure Ga20 3 
and heated in the quench furnace to 1,775 DC . 
Upon examination, the platinum ribbon was com­
pletely melted while the Ga20 3 showed no signs of 
melting. 
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Composition' 
Temper- Fur- o bservatioll d 
ature b nacc a 

So,O, Oa,O, 
---------

Mole % Mole % °C 
1760 I P artially m elled. 

40 50 1771 Q Do. 
1790 I Do. 
1861 I Com pletely m elted? 

35 65 1728 Q Not melted. 
1741 Q Partially m eHed. 
1748 Q Do. 

30 70 1708 Q Not m elted. 
1710 I Do. 
1714 I P artiall y melted . 
1727 Q Do. 
1731 I Do. 
1738 I Do. 
1758 I Completely m eIt.ed? 
1768 I Do. 
1779 I Do. 

27.5 72.5 1709 Q Not melted. 
1715 Q P artially melted . 

25 75 1697 Q Not m elted. 
1707 Q Partiall y melted. 

22.5 77.5 1704 Q Not m elted. 
20 80 1701 Q Do. 

1703 I Do. 
1707 Q P artiall y m elted. 
1724. I Com pletely melted ? 

15 85 1703 Q Not m elted . 
1715 Q Partially I nel tcd. 
1725 Q Do. 

10 90 1725 Q Not melted. 
1730 I Do. 
1735 Q P artiall y mel ted . 
1737 I Do. 
1785 I Co mpletely m elted ? 

5 95 1736 I Not melted. 
1749 I Do. 
1754 Q ])0 . 
1769 I Partially melled. 
1771 Q Do. 
1782 I \)0. 
1794 I Co m pletely m rlted. ? 
1810 I ])0. 

0 100 1717 I Not melted . 
1748 I Do. 
1775 I 1)0. 

e 1775 Q 1)0. 
1789 I D o. 
1789 Q Do. 
1793 I D o. 
1797 Q Co mpletely melted? 
1799 I 1)0 . 
1809 I n o. 
1820 I Do. 

c Q-qucnching furnace; I- induction furnace. 
d Definite vcrificaLioll of complete mel Ling could not be ob­

tainecl. 
• Specimen quenched. 

Two intermediate binary phases occur in the 
SC20 S- Ga20 S sys tem. The first, a compound be­
lieved to be 6Sc20 s·5Ga203, melts incongruently at 
1,770 ± 15 °C. The cOlnpound has a fairly narrow 
region of temperature stability, decomposing to two 
solid phases at 1,700 ± 15 DC. The compound could 
only be formed in appreciable amounts after heating 
appropriate compositions for at least 10 hI' at 
temperatures between 1,760 DC and its melting 
point. It was necessary to quench the specimens 
from these temperatures in order to reLain the phase 
at room temperature. Slow or even rapid cooling 
resulted in decomposition of the phase. Even these 
long time heats, a few degrees below the melting 
point, failed to produce completely single phase 
specimens. Due to either the inability to obtain 
equilibrium or to the failure to completely "quench 
in" the compound, residual amounts of other phases 
persisted . Possible compositions of the compound 
eonsidered most likely were the 8c20 3: GaZ0 3 molar 
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raLios of 5:4, 6:5, and 7:6 with the 6:5 ratio most 
probable. X -ray patterns of the three possible 
composi tions indicated that the compound formed 
in the greatest amounts relative to the minor phases 
at Lhe 6SC20 3 :5Ga20 S composition. It should be 
emph asized that the line in the phase diagram 
(fi.g. 1) representing the compound is dashed not 
because of uncertain ty in the existence of the 
compound but because of uJl certain ty in i ts exact 
composition . 

A literature search did not reveal any other 
compound or solid solu tion in binary combinations 
01' trivalent oxidcs which were isos tructural with the 
6 :5 compound . A comparison of the X-ray pattern 
of the 6: 5 compound with that of 8C20 3 indicated 
that, because of similar positions and intensities of 
major reflections , a simihri t~- in structure migh t 
exist. The X-ray pattern of the 6:5 compoun d, 
given in table 3, was in 'exed on an orthorhombi c 
basis with a = 13.85 A, b= 9.80 A, and c= 9.58 A. 
There is generally fair agreemen t between observed 
and calculated 1/d2 values. If the inde.\.ing given in 
tabl e 3 represents the true in 'exing, the structure of 
the 6: 5 compound CLpparen tly is an or thorhombi c 
distortion of the cub ic O- t~ 'p e structure where 
a (6 : 5) ~ V2a(SCZ0 3)' 

T ABLE 3. X -ray dijJract£on powde!' dala 
for 68c20 3: 5Ga 20 3" (CuK", radiat ion) 

1/(/ 2 
H I b il e III" 

Obs Cal d 

------
A 

002 4.80 0.0434 0.0436 5 
320 3.354 .0888 . 0885 18 
401 3.257 .0943 . 0943 7 
103 3.109 .1035 .1032 3 
222 3.058 . 1070 . 1061 15 
402 2.805 .1271 . 1269 100 
040 2.4505 . 166.1 . 1665 14 
004 2.3956 .li42 . 1742 23 
403 2.3492 . 1812 .1814 13 
114 2. 2956 . 1898 . 1899 3 
233 2. 1721 .2120 .2125 11 
224 2. 0535 . 2371 .2367 4 
404 1. 9721 . 2572 . 2576 3 
622 1. 9132 . 2732 . 2728 2 
350 1. 8043 . 3072 . 3072 4 
025 1. 7859 .3135 . 3139 4 
252 1. 7555 . 324:; . 3247 10 
800 1. 7326 . 3331 . 3334 23 
542 1. 7175 . 3390 . 3403 II 
722 } 1. 7134 .3406 { . 3405 34 044 .3408 
624 1. 5736 .4038 . 4035 7 
116 1. 5663 .4076 .4077 6 
740 } { .4218 
36D 1. 5396 . 4219 .4217 4 
900 .4220 
803 } 1. 5214 . 4320 { . 4315 3 910 . 4324 
605 1. 4748 .4598 . 4598 32 
406 1. 45D7 .4752 . 4754 20 
804 1. 4427 . son .5077 6 
171 1. 3789 .526) .5262 3 
Oli 1.3547 .5449 .5440 6 
027 1. 3196 .5742 .5742 3 
080 1. 2251 .6663 .6663 7 
282 1. 1703 . 7301 . 7306 3 
672 

I 
1. 1618 . 7408 .7402 4 

a. Specimon not Single phase; refl ections due to 
phases other than ""6:5 compound are deleted. 

b Orthorhombic Miller indices. 
c Inte l'planar spacing. 
d B ased on orthorhomhic cell, u=13.85 A , b= 9.80 A, 

c=9.58 A. 
, Relat ive intensity. 

The X-ray pa ttern of the second intermediate 
binary phase found in the s.ystem has been previousl.\­
reported by Schneider, Roth, and Waring [1]. It is 
a solid solut ion and may possibly have a structure 
similar to kappa alumina, a metastable polymorph 
of Al20 3 [1 ]. The X-ra~T pCLttel'l1 of this solid solution 
phase could no t be indexed , so that verification of 
its possible kappa a.lumina-like-structure could not 
be obtained. This phase (l'Lbeled U ss in fig. 1) 
occurs in the SC203-Ga20 3 s \'s tem from a bout 55 to 
73 mole percent Ga20 3 s't th e solid us. Solidus 
temperatures in this region ranged between approAi­
mately 1,764 and 1,705 00. The compositional area 
of stability decreases at lo wer temperatures, finall~' 
pinching out wi th a minimum at about 61.5 mole 
percent GaZ0 3 and 1,440 00. An expanded view of 
the minimum is given in th e inset of figure 1. 

The remainder of the system is comprised of solid 
solut ions of the end member oxides as well as appro­
priate two phase areas. Solid solution of Ga20 3 in 
SC20 3 (C-type structure) occurs from 0 to about 21 
mole percent G<120 3 at the solidus. Solidus tempera­
tures in this area extend from the melting point 01' 
8C20 3 (unknown) to 1,770 °0, the incongruent melt­
in g point of t he 6 :5 compound. The amount of 
SC20 3 solid solution decreases to about 15 mole per­
cent Ga20 3 at 1,300 °0. 

X-ray patterns of specimens having compositions 
and heat treatments generaHy corresponding to t he 
SC20 3SS+ U ss r egion (fig . 1) characteristically showed 
one, sometimes two diffraction peaks (d = 2.7216 A, 
d= 2.4212 A) which normally are not associated with 
those of the primary phases. The extraneous peaks 
were seemingly not related to experimental proce­
dure; t hat is, longer heat t reatment nor quenching 
or slow cooling of t he specimens changed the in­
tensities of the peaks. Furthermore, if the reflec­
tions represented a true equilibrium phase, they 
would follow t he lever rule principle, increasing or 
decreasing with composit ion. This was not the case 
however . At present, the only possible explanation 
is that t he extraneous reflections indicate the pres­
ence of some unidentified metastable phase. 

Solid solution of SC20 3 in Ga20 3 (beta-gallia 
structure type) occurs from about 82 to 100 mole 
percen t Ga20 3 at the solidus. The solidus tempera­
tures vary between 1,705 °0, the eutectic tempera­
ture, and 1,795 °0, the melting point of GaZ0 3' 
Con trary to normal expecta tions, the amount of 
Ga20 3 solid solution increases at lower temperatures, 
extending to approximately 56 mole percen t Ga20 3 
at 1,405 °0. The unit cell dimensions of Ga20 3 
solid solution at about 56 mole percen t Ga20 3 and 
1,405 °C were a= 12.70 A, b= 3.16 A, c= 5.92 A and 
13 = 102°18' in contrast to pure Ga20 3 where a= 
12.23 A, b= 3.04, c= 5.80 A, and 13 = 103.9° [5]. This 
large change in the cell dimensions of pUl'e GaZ0 3 
due to solid solution r esulted in the separation of 
normally unresolved X-ray diffraction peaks. In­
sofar as can be determined, the unit cell dimensions 
for the Ga20 3 solid solution ar e the larges t thus 
far reported for a phase having the b eta gallia struc­
ture type. 
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Specimens which normally should have con­
tained only two phases, U 8S+ Ga20 3SS, generally 
contained, upon slow cooling, an addition al phase. 

I This third phase was identified as Ga20 388) bu t 
ha,ving different unit cell dim ensions than the true l equilibrium GaZ0 3SS phase. This phenomena of 

I differential exsolution was common for specimens 

I hi gh in Ga20 3 content which had been slow cooled 
in the preliminary calcinations. To obtain the 
true equilibriunl phases it was neces ary to rely 
on the results obtained only from quenched specimens. 

The exact compositions of the peritectic and 
I euLeetic points which occur in the system could not 
~) be determined accurately because of the inability 

to obtain complete liquidus data. 

5. Summary 

The equilibrium phase diagram for a major por­
tion of the Scz0 3-Ga20 3 system was determined from 
a study of solid state reactions amd melting point 
relations. A specially designed platinum alloy 
qu enching fmnace was employed for subsolidus 
and melting point experiments condu ctr,d belo w 
] ,800 °C. A 95 percent Pt-5 percent Rh versus 
80 percen t Pt-20 percent Rh thermocouple and an 
optical pyrometer were used to measure tempera­
tures between 1,650 and 1,800 °C. An inductively 
]l eated iridium crucible was used for the determin a­
tion of solidus and liquidus temperatures above 
1,800 °C. Phases were identified by exa111in ation 
of X-ray diffraction pattern s. 

The melting point of Ga20 3 was found to be 
1,795 ± 15 °C. The indicated uncertainty in the 
melting point is a conservative estimate of the over­
all inaccuracy. The melting point of Sc20 a could 
no t be determined because of temperature limita­
tions of the equipment. However , it does not melt 
below 2,405 °C, the highest temperature attained 
in lhe present study. 
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Two intermediate binary phases were formed in 
the system. The first, a compound of approximately 
6:5 molal' ratio, melts incongruently at 1,770 °C 
and decomposes below 1,700 °C. Its X-ray pattern 
was indexed on the basis of an orthorhombic cell 
with a= 13.85 A, b= 9.80 A, c= 9.58 A. This cell 
appears to be related to that of Sc20 a with a (6: 5) 
~-J2 a (SC20 a) . The second binary phase, a solid 
solution, exists from about 55 to 73 mole percent 
Ga20 3 at the solidus. The compositional range of 
stability decreases at lower temperatures, pinching 
out with a minimum at 61 mole percent GazOa and 
1,440 °C. The X-ray pattern of the solid solution 
phase could no t be indexed. 
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