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The System Barium Oxide-Boric Oxide-Silica 
Ernest M. Levin and George M. Ugrinic 

A phase equilibrium diagram for t he system BaO-B,0 3-SiO, has been co ns~ruc ted fr·om 
data, obtained esse ntially by the quenching method, o n 178 te rnary compOSit IOns . One 
ne w compo und, 3Ba· 03B,9 3· 28 i9" melt ing .at 1,009: C a n.d pos~essing an ext ~·em e l y , t1at 
primary fi e ld appears, and Its op t ical prope rt ies and X-ray dIffractIOn data a re ~ I ven . [he 
BaO· 4B,0 3 and 8 iO, prima ry phase areas lllclude alm ost 70 perce nt of t he diagram , a nd 
over these areas exis ts a large region of t wo-liquid immiscibili ty. Limi ted da ta indi cates t hat 
t he immiscibi lity gap dec reases wi th increasing temperat ure. The solid so lu t ion region 
betwee n 2BaO · 38 iO, and BaO·2SiO, exte nds in to t he in te rior of t he diagram a nd is complex 
in nat ure. An isofr-act diagram for the quenc hed glasses is s hown . For precise tempe ra
t ure con t ro l of a qu enching furn ace, a self-adjusting, bridge-type con t roller is descr ibed 
briefly . 

1. Introduction 

The system barium oxid e-boric oxid e-silica is of 
fundamental importance in the ceramic fi eld , and the 
three end members comprise the major consti t uet'lts 
of t he large class of barium crown glasses. Other 
important constituen ts maybe aluminum- or zinc
oxide in the dense barium crown glasses, lead in the 
barium flints, and alkali s in the ligh t barium crowns 
or flints fl].! Barium oxide surpasses n early all 
other oxides in impar ting bo t h high index and low 
dispersion to glass . M any of the well-coHected , 
presen t-day op tical systems, such as are found in 
pho tographic and projec tional equipmen t, have re
s ulted largely from the use of high barium-oxid e
conten t glasses, which have a favorable relationship 
between index and disper sion. 

The Glass Section of the National Bureau of 
~tandards has been engaged in an extensive stud y of 
the r efrad ivity, dispersion, and density in the glass
forming region of t.he barium-borosilicate system [2]. 
The phase equilibrium diagram for the system is of 
paramount importance in the interp retation of the 
da ta as regards th e structure of these glasses. The 
b igh silica-boric oxide portion of the sys tem, also, 
has possibl e application to the development of im
proved enamels and ceramic glazes. Notwithstand 
ing the fundamen tal and practical importan ce of the 
ternary diagram, however, no sys tematic study of 
the phase equilibrium relationships has been reported. 

The ternary system is of addi tional interes t from 
several theoretical considera tions. It contains one 
binary system (BaO-B20 a) with an immiscibility gap 
a nel ano ther (BaO-SiOz) with a portion of the liquidus 
cur ve approaching that of two-liquid immiscibility. 
In tbe BaO-SiOz system, BaO· 2Si02 and 2BaO· 3Si02 

show unusual bE'havior for refractory oxide systems, 
in that they form a complete isom6Jrphous solid 
so lution seri es withou t a maximum or a minimum. 
As a secondary obj cctive, it was hoped that investi
gation of thc ternary system might provide add i
tional information on these problems. 

1 Figures in brackets indicate t he litera ture rderences at t he end of t his paper. 
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2. Experimental Procedure 

2.1. Raw Materials 

The starting materials were silica gel (Si02 ·nH 20 ), 
boric acid (HaBOa), and either barium ni trate 
(Ba(NOah) or barium carbona te (BaC0 3). The 
silica gel, 99 .99 percen t pure on a n ignited weigh t 
basis, was specially prepared by an acid digestion 
process in the Chemistry Di viRion of the National 
Bureau of S t,andards. The remaining star ting ma
terials were of reagen t quali ty, meeting ACS specifi
ca tions. 

2.2 . Preparation and Analysis of Mixtures 

Because of the volatility of boric acid a nd the 
extr eme hygroscopicity of boric OXide [3, 4], i t was 
found advan tageous in preparing tern ar .v mixtures 
to add the boric oxide already combined wi th the 
baria . For this purpose a stock quantity of each of 
the four barium bora tes, 3BaO·B 20 a, BaO·BzOa, 
BaO·2 B20 3, BaO·4B20 3, was prepared by mixing, 
grinding, sin tering or fU Ring the appropria te a mounts 
of boric acid and barium ni trate or carbon ate. The 
product was ground to pass a No. 200 mesh scr een 
and hea ted again . The process of grinding and re
hea ting was repeated 2 or 3 times, until a homo
geneous product, by petrographic examina tion , was 
ob tained. B arium carbona te was used as the source 
of BaO for preparing 3BaO·Bz0 3 ; for the other 
borates, barium ni trate was used. The barium 
nora tes thus prepared wer e a nalyzed [4] for BaO and 
BZ0 3 • Previous experience had indicated the a p
proximate excess of boric acid required to fo ("mula te 
each compound, and in no case did the actual chemi
cal composition vary from the theoretical com
pound composition by more than 0.5 percent. No 
att emp t was made to adjust compositions to theo
retical valu es, and the a nalyzed values were applied 
in subsequen t calcula tions . . 

StQck qu antities of the 4 barium silica tes , 
2BaO-SiOz, BaO·SiOz, 2BaO·3SiOz, and BaO·2Si02, 
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TARLE 1. AgI'eement between some fonnulated and analy zed compositions 

Composition 

Com pos it ion number Starting materia ls Formulated a An alyzed b 

BaO I B, 0 3 SiO, BaO B ,03 SiO, 
-------------------- -------------------------

% % % C- 2BaO·SiO, ' . __ __ ___________ _____ BaCO" SiO,_ ___ __________ ___________ 83.63 
% 

16.37 
43.92 

9.26 
26. 39 
15. 22 

% 
83.53 
55.94 
55. 11 
47. 78 
58.48 

% 
lfl. 47 
44.06 
9.38 

E- BaO·2SiO, , _____ _________ __ __ __ __ BaC03, SiO ,_ ___ ____________ __________ 56.08 
24 ________________ ___________ ___ ______ BaO·2B, O, ,2BaO·3SiO, ___ ______ __ ____ 55.24 35.60 

25.92 
26.48 

35. 51 
25.98 
26.24 

29 ___ ___ ____ ______ ___________ _________ BaO ·4B, 0 3, BaO ·2SiO,___ _____________ 47.69 26, 24 
15.28 J- 3BaO ·3B, 0 3·2SiO, , __ ______________ d BaC0 3, 8iO" H 3B03__ __ ____________ _ 58.30 

a From composition a nd amounts of starting materia ls. 
b B y analytical determination. 
, Stock supply. ..... . . . 
d 400-g batch prepared . B 20 3 added as boric aClei, whIch accounts for a lI t tle larger dIscrepa ncy, lJl thIS case between form ulated a nd a nalyzed cO mpOSitIO IlS. 

and of 1 ternary compound, 3BaO·3Bz0 3·2SiOz, 
were prepared in a similar manner. Barium car
bonate exclusively was used as the source of BaO in 
preparing the barium silicates. 

Most of the ternary compositions were prepared 
to lie on joins connecting the compositions of barium 
borates, barium silicates, and the one ternary com
pound 3BaO·3BzOa·2Si02• In making up such 
series, the amounts of conjugate stock compounds 
required to yield 3-g mixtures were calculated, by 
applying the well-known lever principle. The cal
culated amounts , weighed into dry bottles, were 
shaken thoroughly with a mechanical mixer for a 
minimum of 1 hr, ground with a mechanical grinder 
for 1 hr, and then heated for several hours at some 
temperature between the solidus and the liquidus. 
The products were ground to pass a No. 200 mesh 
sieve and were resintered at a slightly higher temper
ature, but still below the liquidus. Once again, the 
products were ground and passed through a No. 200 
mesh sieve. This treatment, in most cases, gave a 
fairly uniform product, as examined with a polarizing 
microscope. Tn a few instances, it was necessary to 
heat the material a third time. All h eating was done 
in platinum crucibles by using an electrically heated 
furnace . AnalysiR of represontati v 0 mixtures pre
pared as described showed satisfactory agreement 
between actual and theoretical compositions. Table 
1 gives this agreement for several compounds and 
mixtures. The few compositions not on tie lines 
were made from appropriate quantities of either 2 
already prepared mixtures 01' 3 stock compounds. 

Analysis of ternary compositions consisted of 
determinations for ignition loss, silica, and baria; 
boric oxide was obtained by difference. Half-gram 
samples were decomposed by 1: 1 Hel, evaporated 
almost to dryness, and the moist residue evaporated 
three times with 10-ml portions of methyl alcohol 
to remove the boric oxide. Silica was determined 
by double dehydration in the usual way ; baria was 
precipitated and weighed as BaS04. 

Figure 1 shows the 178 compositions investigated, 
together with the joins along which most of them 
were fromulated . It may be noted that many com
positions in close proximity to each other were 
formulated on different joins, thus contributing 
statistically to the over-all accuracy of the method. 
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FI G URI, 1. Com positions studied in the system BaO- B Z0 3-

SiOz, together v)ith the joins along whir-II most of them were 
.r onn ul ated . 

It might also be emphasized that the prepared com
positions always consisted of crystalline or mixtures 
of crystalline and glassy phases, as eq uilibrium con
ditions could be approached more rapidly by melting 
than by crystallization from above the liquidus. 

2 .3. Appara tus a nd Method 

Phase equilibria r elationships in. the system were 
obtained by the well established quenching techniq ue 
[5 , 6]. Charges of about 20 mg were heated in the 
relatively constant temperature zone (hottest region) 
of a vertical tube, platinum 80 percen t-rhodium 20 
percen t wound, resistance furnace [7]. Constant
temperature control in this zone to within ± 0.3 dog. C 
was achieved wi th the use of a newly designed , 
self-adjusting, a-c bridge-type controller, described 
later. 

Temperatures were measured with platinum ver
sus plat inum-rhodium (10%) thermocouples, which 
were originally calibrated against a standard ther
mocouple by the Pyrometry Laboratory of the 
National Bureau of Standards. All temperature 
values are given on the International Temperature 
Scale of 1948, based on absolute millivolts [8]. Be-



tween 630.5° and 1,063.0° C (the gold point) the 
differences between the In ternational T emperature 
Scales of 1948 and 1927 are less than 0.5 deg. C. At 
1,500° C, however, the International Scale of ] 948 
is 2.3 deg. Cless than the scale of 1927 ; and at 2,000° C, 
the difl'erence is 6.4 dcg. C [9]. In reviewing the li tera
ture of high-temperature phase stud ies, it is found 
that many investigators go into great detail con
cerning the accuracy of thermoco uple calibrations. 
yet never specify the temperature scale used. It 
cannot be safely assumed that all temperature values 
after January 1, 1948 , are reported on the Inter
national Temperature Scale of 1948, even though on 
that day, by int.ernabonal agreement, the change 
from international to absolu te units became effec
tive. The changeover at the National Bureau of 
Standards, for example, did not become effective 
until January 1, 1949. Since 1914 the Geophysical 
Laboratory of the Cal'llegie Institution of Wash ing
ton has used a temperature scale based on the work 
of Day and Sosman. The scale is in good agreement 
with the International Temperature Scale of 1948, 
up to about 1,550° C. 

The thermocouple calibrations were checked peri
odically against the melting points of barium 
tetraborate (889° C) [4], the ternary compound·, 
3BaO·3B20 3·2Si02 (1,009° C), gold (1,063°C) , barium 
borate (1,105° C) [4] and barium disilicate (1,4 16° 
C).2 

Quenched samples \\TCre crushed and examined. 
with the polarizing microscope, using the standard 
immersion media methods. Refract ive indices meas
ured by this method arp accurate to within ± 0.003 
for nD. 

X-ray diffract ion powder pattrrlls (with copper K 
alpha radiation) were made for a number of com
pounds and mixtures. A commercial type Geiger 
co unter X-ray spectrometer equipped with a syn
chronous motor-driv:-n scanning unit and at,tached 
to an elpctronic high-spl'ed recorder was uSl'd for 
t his purpose. 

2.4 Adjusting, Bridge-type Controller 

A self-adjusting, bridge-type controller sui table 
for precise temperature control of a quenching fu rnace 
was designed and assembled from commercially 
available components by F. A. ?\lauer of tJlC 1\a
tional Bureau of Standards. Like the electric
furnace thermostat developed by H. S. Roberts at 
the Geophysical Laboratory in 1925 [7], the controller 
operates on the change of resistance that accompa
nies a change in temperature of the furnace winding. 
The contacting galvanometer has been replaced by 
a servo amplifier (A, fig . 2), which provides power 
to operate a reversible , two-phase motor, M. As 
the amplifier operates on a 60-cycle a-c signal, the 
power for the furnace is adjusted by means of a 
variable autotransformer. This transformer is posi
tioned by the reversible motor and provides the 
power required to maintain the furnace winding at 
the temperature prescribed by the resistance setting. 
The temperature is maintained constant, of COUl'se, 

2 I n a ccordance with t he International Temperature Scale of 1948. 
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FrG1;RF: 2. Schematic diagram of self-adjusting, bridge-type 
contTolleT fOT hl:gh-tel7lperatuTe f urnace. 

A, Servo amplifi e r; M , re "ersib le balancillg motor, 27 rpm ; V , variable auto
tra nsformer. 

FIGURE: 3. T em pemtme con/TOller together wi th the quenching 
fltrna ce and the temperature meas!lTing eqllipm ent. 

only if volatil ization of the winding is negligible. 
Figure 2 shows a schematic diagram of the con

troller, and figure 3 shows the controller , together 
with the quenching furnace and the temperatw.-e 
measuring equipment. 

The controller offers a combination of features 
that have not been available in any one instrument. 
These principal advantages are as follows: 

1. Control of temperature to within ± 0.3 deg. C. 
2. Elimination of process lags by use of the furnace 

winding as the sensing element. 
3. Use of alternating current to heat the furnace. 

This feature is important because a-c power is 
readily available, permits the use of a variable 
autotransformer to adjust the voltage without 

l 



wasting power, and also permits amplification of the 
signal from the bridge . 

4. Incorporation of proportional speed floating 
control with automatic reset. ,Vhen the temperature 
departs only slightly from the control point, the 
au to transformer moves at a rate proportional to the 
departure. In the case of a large unbalance, the 
motor turns at an essentially constant speed until 
balance is reached. Because the motor rotates as 
long as the temperature remains different from the 
required temperature, the variac automatically 
assumes a new position for each temperature setting 
and even compensates for change in the line voltage 
of up to 20 percent. As long as power requirements 
and line voltage remain constant, oscillations of the 
balancing motor are barely perceptible. Conse
quently, even if the controller is switched off, the 
temperature will remain within a few degrees of the 
control point. This characteristic simplifies the 
problem of controlling the furnace in a desired 
temperature range so that it can be ready for use on 
the following day. 

5. Simplification of operating procedure. ~ single 
knob is used for resetting the control point. Because 
of the reset action described above, the controller 
will position the variable autotransformer without 
further attention, to provide the power requirement 
for a new setting of the balance point. The control 
point setting can be varied continuously by m eans of 
a 10-turn precision potentiometer. 

It should be noted that since an a-c bridge circuit 
is used, an impedance balance must be effected if 
maximum precision is desired. The bridge output 
can be recorded on an oscilloscope and capacitors 
added to the high-impedance arms of the bridge 
until a true null can be obtained [10]. 

The principal maintenance problem is presented 
by the variable autotransformer brushes. During 
operation, the "hunting" of the controller keeps the 
brushes moving back and forth between adjacent 
windings. Experience indicates that after about 6 
months of operation, arcing may occur between the 
brushes and the slightly roughened windings. In 
this case, the brushes are cleaned or replaced, and the 
windings are cleaned according to the manufacturer 's 
instructions. 

3. Limiting Binary Systems 
3.1. System BaO-B20 3 

The binary system BaO-B20 3 was reported by 
Levin and McCurdie [4] . It is distinguished by a 
region of two-liquid immiscibility extending from 
about 70 percent of B 20 3 (30 percent of BaO) to 
almost pure B20 3 . Extrapolation from ternary data 
to the binary indicated that the r eported binary 
liquidus temperatures were uniformly low by about 
10° C. New determinations on the binary com
pounds confirmed this conclusion. A corrected dia
gram is r eproduced as figure 4. 

3 .2 . System B20 3-Si02 

Only limited information is available about the 
system B20 3-Si02 , and no liquidus values are known, 
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as no mixture in the system has been crystallized. 
Morey [11] was unable to crystallize any mixture in 
the system, either from a dry mix or by hydrothermal 
treatmen t. Greig [12], and Cousin and Turner r13] 
believe that the oxides as liquids are co~pletely 
miscible in all proportions. The latter authors, on 
the basis of thermal expansion and density-composi
tion curves, could find no indication of compound 
formation. N. K. Del·tev and T. H. Khudyakova 
[14], however, believe that several compounds (for
mulas unspecified) are possible. 

3.3. System BaO-Si02 

The binary system BaO-Si02, as shown in figure 5, 
was investigated originally by Eskola [15] and mod
ified later by Greig [12] . It shows two regions of 
particular interest. In the first, dibarium trisilicate 
(2BaO·3Si02) and barium disilicate (BaO·2Si02) 

form a complete solid solution series. The liquidus 



'L~BLE 2. C0111pan:son oj X -ray dij)"raction dala j or com.pounds 'in the system BaO- Si02 

2BaO·SiO, B a O·SiO, 2B aO·3S iO, "020·2SiO, 
�------------- I-------,-----~ -.------,-------. --------,--·----1 

(b) (0) (b) (b) (b) 

---~-------,--_;_---I--~~--I--~--- ------ -------1---,-·--- --------
(/e 1 d d I J rI J rI J d J 

____________ ------------ --------------- ----1---------
A % A 

5. 1 
4.4 
4. 23 
3.78 
3.53 

% 
10 
10 
19 

A 
5. 19 
4.20 
3.73 
3.58 
3. 43 

% A 
19 

% A % A % 
J2 
6 
6 
6 

A 
7.00 
6.87 
5. f,3 
4. 75 
4. 15 

% 
14 
13 
17 
12 
8 

A 
7. 1I 1.1 7.0 

10 4.22 13 6. 06 11 0.05 6.7 
4.23 20 55 (3) 3.70 

17 
40 (2) 

3.93 
5.00 

13 4.33 7 
12 100 (1 ) 3. 41 100 ( I ) 3. 79 100 (1 ) 3. 75 100 (1 ) 

3.43 63 
3. 17 16 
3. " 14 
3. 03 100 (I)' 
2.95 95 (2) 

2.91 82 (3) 
2.69 10 
2.56 8 
2.5-3 14 
2. 44 36 

2.40 25 
2.30 6 
2.24 27 
2. 12 24 
2. 10 36 

2.02 8 
I. 975 22 

1. 909 17 
I. 867 22 

I. 78R 10 
1. 762 33 

1. 710 47 
I. 686 11 

I. 659 
I. 645 
I. 598 
I. 578 
1. 554 

1..\1 1 
I. 470 
1. 455 
I. 442 

I. 432 
I. 416 
I. 370 

I. 338 

1. 3 15 
1. 292 
1.263 
1. 248 

7 
8 
5 
3 
3 

5 
12 

10 
7 

10 

10 
5 

10 
10 

3.44 64 (3) 
3. 18 29 
:J. 12 28 
3. 04 100 (1) 
2. 94 100 (2) 

2.69 18 

2.53 20 
2. 44 52 

2.4 32 
2.3 1 10 
2. 255 45 
2. 13 32 
2. II 35 

2.03 l r, 
I. 98 29 
I. 94 7 
I. 91 24 
I. 87 28 

I. 80 14 
I. 7i 49 
I. 73 10 
I. 715 48 
I. 69 15 

I. (j6 
I. (14 
I. 605 
1.58 

I. 52 
1.5 1 
I. 475 
I. 46 
1. 445 

1. 435 
1. 42 
'I. 375 
1.345 

1.32 
1. 28 
1. 265 
J . 25 
1.24 

1. 2J5 
1. 19 
1.17 
1.1 55 
1.1 4 

9 
25 
8 
7 

12 
13 
8 

12 
12 

16 
9 

20 
12 

25 
Hi 
23 
15 
11 

8 
21 
.1 1 
2.1 

3.36 
3.13 

2. 84 

2. i 5 
2.7 1 
2.59 

2. 36 

2.30 
2.24 
2. 19 
2. 14 
2.09 

2. 08 
2.04 
2. 01 
1.9i1 
I. 96 

1. 852 
1. 79.) 
1. 78 1 
l. in l 
1. 737 

I. 698 
I. 635 
I. 606 
J.5iO 
J. 545 

I. 517 
I. 486 
1. 47i 
1. 468 
1. 448 

1. 430 
1. 41 5 
I. 392 
I. :l66 
1. 3:13 

57 (2) 3.34 
50 3. 13 

3.02 
2.94 

32 2.81 

18 2. 77 
23 
9 2.59 

2.45 
31 2.30 

3.) 
31 2.25 

.1 
II 2.14 
19 2.09 

36 
45 2.05 

7 
7 I. 99 

32 I. 90 

16 1. 86 
9 1. 79 
9 

12 1. 76 
12 I. 72 

33 
4 
7 

10 
7 

13 
8 
8 

12 
10 

I I 
8 

10 
10 
9 

10 

1. 61 
1. 56 

1.525 

I. 40 
1. 375 

1. 315 

22 
34 
10 
8 

28 

24 

10 
8 

25 

34 

II 
40 (3) 

30 

IS 
29 

17 
JO 

13 
14 

11 

10 
9 

I. 3 15 
I. 306 
I. 291 
1. 279 
1. 270 

7 
7 

12 
8 

1. 28 5 

1. 2·1 
1. 15 

d I = relativc intensity. 

3. il 
3.51 
3. 44 
:U3 
3.28 

3. 1.1 

2. 78 
2.61 

2. 4 1 
2.36 
2.28 
2.23 
2.21 

2. 14 
2.09 
2.04 
I. 981 
.I. 918 

1. 881 

I. 825 
1. 811 
I. 789 

1. i60 
I. 745 
1. (;.)4 
I. (.16 
I. 61 7 

1. 557 
1. 518 
I. 513 

I. 505 
I. 481 
1. 474 
I. 450 
I. 422 

1. 40r; 
1. 394 
I. 350 
1. 342 
1. 322 

1. 299 
1. 249 
1. 241 
I. 22.1 
1. 200 

75 
10 
10 
87 (2) 
iO (3) 

48 

74 
8 

8 
35 
4.1 
32 
24 

(iO 
22 
12 
20 
J4 

J4 
17 
2.1 

II 
JI 
22 
10 

7 

1.I 
7 
8 

6 
G 

10 
6 

11 

4 
3 1 
8 
6 

13 

10 
5 
7 
5 

3.68 

3. 43 
3.30 
3.26 

3. 13 
2. 99 
2. is 
2. 60 
2.5.'> 

2. 40 
2.35 
2.27 
2.225 
2. 205 

2.14 
2.08 
2.04 
I. 98 
I. 9 1 

1. 88 
1. 86 
1. 825 

1. 79 

I. 76 
I. 71 
I. 65 
1. (\3 
I. () 15 

1. f;Q 
1. 58 
I. 555 
1. 52 

1. 505 
1. 48 

I. 42 

I. 395 
1. 35 
1. 33 
1. 32 

1. 30 
1.?5 
I. 24 
1.22 
1. 20 

80 (2) 

6 
70 
42 

35 
6 

75 (3) 
9 
6 

9 
14 
23 
n 
13 

41 
18 
12 
17 
14 

7 
7 

JG 

20 

16 
8 

12 
6 
6 

6 
6 
8 
8 

14 
6 
8 
6 

15 
9 
6 
6 
8 

1. 17 6 
I. 135 9 

4. 02 
3. 57 
3.39 
3.3n 
3.27 

3. 15 
3. II 
2.86 
2. i6 
2.69 

2. 61 
2.36 
2.35 
2.2f) 
2.23 

2.2 1 
2. 16 
2.06 
2.05 
2.00 

1.923 
1. 877 
1. 827 
I. 783 
1. 732 

I. 706 
1. 60 1 
1. 584 
1. 571 
1. 481 

I. 458 
I. 408 
1. 392 
1. 378 
1. 292 

1. 288 
1. 285 
1. 28 1 

77 (3) 
52 
14 
23 
25 

100 (n 
87 (2) 
27 
40 

7 

12 
16 
16 
32 
29 

5 1 
25 
2 1 
32 

7 

12 
17 
8 

16 
9 

3 1 
13 
9 

15 
8 

I I 
6 
6 
9 

16 

16 
10 
10 

4. 00 
3.55 

:3.28 

3. 14 

2. 77 

2.60 

2.35 
2.27 
2.23 

2. 17 
2.06 

J. 91 
1. 87 

1. i8 

1. 59 

J. 48 

1. 46 

1. 29 

100 (I) 
20 

23 

60 (2) 

36 

10 

22 
50 (3) 
.\0 

50 
25 

15 
20 

12 

10 

13 

10 

10 

a Data from present investigation. 
b Data b y A. E. Austin [20]. • (1), (2), (3) = three stron gest peaks in order of ill tensity. 
c d=i ll tcrplanar spacing. 

curve sho\-\'s no maximum or minimum. R . Thomas 
[16] concluded from his investigation of the system 
BaO-Al20 a-Si02 that dibarium trisilicate is no t a 
compound at all but is merely that particular compo
sition at or near the maximum in a solid solu tion 
series. 

Another point of interest is the shape of the liquidus 
CUl've in the cristobalite primary phase area [1 2]. 
Indicative of an approach to two-liquid immiscibility, 
the curve is almost horizontal for a change in compo
sition of nearly 30 percen t. Ol'shanskii [17] investi-

41 

gated the system BaO-Si02 a bove the liquidus, be
tween the temperatures of 1,800° and 2,570° C, but 
could find no trace of immiscible liquids. However, 
the S-shaped form of the portion of the liquids CUl've 
under discussion is typical of unmi~ing, or of a misci
bility gap, occUl'ring completely below the liquidus 
[1 8]. 

B efore in vestigating the interior of the ternary 
system, it was considered desirable from the stand
points of experience and of possible additior al infor
mation that might be gained, to check several of the 



Composi
tion 

number 

TABLE 3. Data on liqllidliS determinations in the system BaO- B,O,,- SiO" 

Composition, by weight 

BaO 8iO, 

A . Compositions in the BaO ·2SiO, primary field 

Treatment 

rrime 
hele! 

before 
Quench-

ing 

11 of 
quenched 

Tem- glass 
pera- (250 C ) 
ture 

Primary 

Phas('s prese nt 

Other Glass 

----1---------------------------------------

1- 107 

2- 30 

3- 47 

4- 94 

5-- 64 

6- 49 

7- 95 

8- 48 

9- 100 

10- 186 

11 - 185 

12- 63 

13-184 

14- 1.J3 

15--182 

16- 181 

17- 206 

18- 41 

19- 90 

20- 91 

Percent 
51. 21 

5J. 89 

53.83 

54.60 

54.61 

54.94 

55.16 

55. 58 

55.69 

56.35 

56.56 

56.71 

56.89 

57.25 

57.73 

57.81 

58.6 

59. 15 

59. 47 

59.88 

Percent 
15.02 

12.95 

6.94 

18.91 

19.48 

15. 78 

1l .70 

6.93 

to. 95 

2.89 

5.30 

14.61 

S.83 

12.84 

lS. 0fl 

J8.85 

17.2 

17.6.3 

15.79 

13.94 

Percent 
33. i7 

35.16 

39.23 

26.49 

25.91 

29. 28 

33.14 

37. 49 

27.36 

40.76 

38. 14 

28.6.8 

34.28 

29. 91 

24.21 

23.33 

24.2 

n.22 

24. 74 

26.18 

0 (' 
1,056 
1.050 
1,103 
J. 100 
l. 243 
I, 238 
1. 002 

997 
999 
995 
991 

1, 055 
I 050 
1: 000 

986 
1. 150 
I. 146 
I. 243 
1,238 
1.050 
I. 015 
1. 34.) 
1. 340 
1.277 
I. 273 
I. 078 
I. 070 
1. 000 

980 
1. 214 
1, 210 
1. 130 
L 125 
1.02:1 
1.019 
1. 005 
1.003 

99.) 
I. 048 
1,044 
1.010 
1. 005 

984 
l. 049 
1, 04 5 
1.085 
1. 081 
I. 070 

1. 609 

I. 612 

1. 607 

1. 522 

I. 623 

1. 620 

1. r,20 

1. 616 

1. 627 

1. 614 

1. 623 

1. G27 

I. 623 

I. 624 

I. 633 

I. G:32 

1. 532 

1. 633 

1.638 

1. 635 

x ______________ ____ __ ___________________ _ 
Ran' _____________ _ 

Rare ____________ _ _ 

Very rarc ________ _ 

Rarc ____ ______ _______________ _____ _______ _ 
X_ __ ___ _ ___ __ _ __ 3BaO·3B, 0 3·2SiO, ______ _ 

Ra re _______________________________ ______ _ 
Hea\,y ____________ __ _____________________ _ 

X ______________ 3BaO·3B, 0·28iO, ______ _ 

Rarc _____________________________________ _ 

Rare __________________________________ __ _ 

Rarc _____________________________________ _ 

It R,are ____________________________________ _ 

X _______________ - ___ ------- __ --- _________ _ 
Heavy __________________________________ _ 
X _ ______________ 3BaO·3B,03·28iO, ______ _ 

a Ra re ______________________ . _____ . _______ _ 

Rare ___ . _____________ . _____ . ____________ _ _ 

Rare _____________________ . _______________ _ 

Vcry rare ___ _____________________________ _ 
X_________ ______ 3BaO ·3B,0 3· 28iO , __ . ___ _ 

R a re . ___ _______________________________ __ _ 

X ________________________________________ _ 
I Heavy __________ 3BaO·3B,0 3· 2SiO , __ . ___ _ 

I-~~~~:\~ ~::~ ~:~~ ~~ : ~~~~:.~~i~~ =~~~:~~~~~~:~ 
B. Compositions in tbe 1BaO·38iO, primary fi eld and solid-solution a"ea 

21- 51 

22- 62 

23- 175 

24- 26 

25- 176 

26- 177 

27- 202 

28- 178 

29- 42 

30- 179 

3 1- 54 

32- 79 

33- 180 

34- 172 

35- 52 

59.02 

59.98 

60.21 

60.41 

60.49 

61. 13 

61. 42 

61. 46 

61. 47 

61. 68 

61. i4 

62.29 

62.49 

62.53 

62.87 

6.97 

7.01 

16. 16 

11. 83 

14.53 

10.81 

18.13 

8.90 

6.96 

7.63 

13.40 

14.71 

2.90 

18.30 

16. 08 

1
34 . 0 1 

33.01 

23.63 1 
27.76 { 

24.98 

28.06 

20.45 

29.64 

31. 57 

30.69 

24.86 

23. 00 

34.61 

19. 17 

2 1 05 

{ 
{ 

{ 
{ 
{ 

i 
{ 
{ 
{ 
{ 

See f ootnotes ~ t e nel of table. 

I. 238 
1. ZT1 
1. 244 
1.238 
1. 042 
I. 037 
I. 12., 
1.120 
1.073 
I. 058 
I. 1.;2 
I. 147 
1. 000 

999 
991 
981 

1.201 
I. 196 
I. 245 
I. 240 
I. 226 
I. 22;1 
I. 089 
1.085 
1. OiH 
1.061 
1. 36.5 
1. 360 

994 
990 
980 

1.040 
1. 03.; 
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I. 62" 

I. 630 

I. 638 

1.638 

I. 633 

1.638 

I. 643 

638 

I. 638 

I. 6·10 

I. 642 

617 

I. 6·17 

!. 642 

b SS 

b ss , __ , _____ . __ 

Rare _________ _ 

Rare _________ _ 

c Rarc . 

c X __ 

Veryra rC' ____ _ 
Moderat e _ 
H eavy . ______ _ 

R3rC' 

b SS 

b SS ________ _ _ 

R arC' . _______ _ 

Rarc ___ __ __ _ _ 

b ss _ 

R are _____ ___ _ 
X ____ _______ _ _ 3BaO·3B,0 3· 28iO, _ 

\Varo ___ ___ _ 

All 
X 
All 
X 

All 
X 

All 
X 

All 
X 
X 

All 
X 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 
All 
X 

All 
X 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 
X 

Al l 
X 

All 
X 
X 

All 
X 

A ll 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 

_.\ II 
X 

All 
X 

All 
X 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 
X 

All 
X 

,I 
.~ 

I 



Composi· 
t. ion 

number 

--------.----------

TABLB 3. Data on liqu'id us determinations in the system BaO- B20 ,- Si02--('o nt inued 

B . Composition s in the 113aO·28iO, primary fi eld and so lid sol ut ion arca- Conti nued 

Composition , by wright 

13.0 Si02 

rrreatm ent 

'-ri me 
hcld 

before 
quell ch

in g 

Tem 
pera
ture 

n of 
qu enched 

glo ss 
(250 C) Primary 

Phases presen t 

Other- G lass 

--------- ------------ ------- -------- ----·------------1------

Percent 
63.42 

Pucenl 

17.38 

Percen t hr 
2 
I 
1 
1 
1 
I 

°C 
36- 78 

37- 58 

38- 59 

39- 83 

40- (iO 

41- 7{i 

42- 55 

43- 173 

44- 187 

45- 171 

46- 84 

47- 127 

48-.188 

49-85 

50-86 

51- 3 1 

52- 22 

53- 23 

54-I rS 

55- 126 

56- 125 

;;7- 70 

58- 1(l9 

59- 11 0 

60- 37 

61-158 

62·-157 

63-200 

64- 124 

65- 170 

G6- 71 

67- 201 

68- 156 

G9- 155 

70- 72 

63 59 

64.80 

(j4.92 

Go.01 

(l(l.62 

67. 10 

(ii.22 

{ii.52 

()i. (if) 

67.8 1 

68, 48 

68, 57 

68.6 1 

09.88 

70.02 

70,22 

71. 0'1 

72. 01 

72. 08 

74. 1:3 

74.93 

75.69 

7(" 06 

76. 11 

76.83 

77. 6 1 

78, 02 

76.01 

7f,, 71 

77. 99 

78.40 

78. 72 

79. 16 

79.39 

3.05 

9. 13 

16.9,) 

15. 21 

18.25 

11. (i2 

9. 10 

18. 1:3 

If), (i7 

9,88 

15.8 1 

17. 19 

7.94 

'I. 0 1 

17, rs 

15.7 1 

17.(i9 

12.05 

9.91 

18. 16 

12. 08 

18, 24 

1.1.70 

17.88 

17.5:1 

17. 34 

7.95 

10,54 

11. 78 

16. 12 

13,4:] 

14.43 

8.84 

See footnMcs at enrl of tabl e, 

19.20 

33.36 

26.07 

1R 13 

18.78 

15. 13 

2 1. 23 

23. Iii; 

14. 35 

1,).68 

1 
{ 
{ 
{ 

1 

1 ~, 
2 
1 }.! 
I 
1 
1 
I },!! 
1 
1 
1 
); 

1 
I 

1., 

a.~ 
;~ " 

1. 001 
998 

1.350 
1,345 
1,182 
1. 177 
1,001 

998 
984 
968 

1,036 
I. 031 

976 
9n 

I. 102 
1,097 
1, 164 
1, 159 

947 
943 
982 
977 

I. 6·15 

I. 640 

1. 645 

1. 648 

L (;49 

I. 654 

I. 654 

I. {i54 

J. 66 1 

L 668 

\ Varc _________ _ 

b S5 

e l:la.rc 

Rare ____ _ 
Moderate 
]l cavy 

R~rc ___ __ _ 

Rarc .. __ 

(' Rare 

Rarc 

Rare 

313"0,313,0 3,28i02 

C. Compositions in the B. O·8 iO, p rimary fie ld 

22.:Q 

15. 71 

14 .24 

23.45 

25.28 

12. 30 

14.07 

21. 10 

10.30 

15.87 

15,96 

6.91 

f 
1. 

t 
{ 

{ 

1 
{ 
{ 
{ 

12. 23 { 

~ 
5.70 

g, 19 

5.29 { 

j 4. 86 

4.6·1 

1 
1 
1 
1 
1 

1<, 

~~ 
~2 

~~ 
1 
1 
1 

1. 145 
1, 141 

995 
989 
965 
961 

1 237 
1: 2:12 
1.352 

964 
960 
950 
~4:3 

1, OW 
1, 01 3 
1,305 
1, 298 

975 
970 

1, 189 
1. 184 
1,250 
1, 244 

961 
959 

1,160 
1. J55 

n50 
946 

1, 0:18 
1,030 

954 
949 
959 
954 
962 
957 
952 

1. 6(i6 

1. 659 

I. 670 

1. 607 

~ l. 67 
1. 661 

1. (;H5 

1. 669 

1.1)72 

l. 683 

1. 68 1 

1. 684 

1. 680 

1. 696 

1. 695 

1.698 

Rare ___________________________________ __ 

X ________ . ___________________________ __ 

Rarc .. __________ . _______________________ __ 

Rare ___________ . ______________________ _ 
Vcry rare _________ . ________ .' _________ _ 

Rarc ____________ . __ . ___________________ . __ 
Moderate . ______________________________ __ 
Moderate ____ .. IhO·1320 , _____________ __ 

n>lrc. ______ .. __ . _____________________ . __ __ 

X ________ ... ____ -- _____________________ __ 

Harc. ________ . ____________ .• _________ • ___ . 

R arc _____________________________________ _ 

Rare . _________ . _______________ _________ ." 

H,are. _______________________ ".". ________ _ 

Very rare' ______ . ________________________ _ 

Rare . _______________ ." ._._. ______________ _ 

Rare. ____ __ ___________ .. __________________ _ 

X .... _. _. __ .• __ •.•... ___ . __ .. ___ . ________ . 

Rare _______________ " ______________________ _ 

Rare __________________________ . ________ . 
Moderate ______ . 3BaO· B,0 3 .. __________ __ 

J) , Compositions in the 2B,,0·8iO, primary fi eld 

16. 04 { 

!2,75 { 

10.23 

5.48 

7,85 

6.41 

II. 77 

{ 
{ 
{ 

t 

1 " ~, 

1 
H 

" I 
JH 
1 
1 
1 
1 

1,308 
1,302 
I. 26:1 
1,258 
1,200 
1, 160 
1, 224 
1.206 
1,055 
1,050 
1,274 
1, 270 
1,223 
1, 217 

• 1,359 
1, :144 

~I. G9 

I. 696 

~1. 694 

1. 698 

43 

L 704 

1. 704 

R are __ . ____________________ . _________ __ 

Rare ________ . ___________ __ ______________ __ 
Moderate __ _______ . ____ _ ~ __ . ___________ __ 
Moderate __ _____ B aO·8 iO, __ _ __ _______ __ 

X ______________ ~ _______________________ __ 

R are _____ __ ___ __ _____ ___ ________________ __ 

X __________________________________ ... ____ . 

Rarp .. _______________________________ ____ _ 
Moderate ___ _______________ _________ ____ __ 
H eavy __ ______________________ ___ ____ .... __ 

All 
X 

All 
X 

All 
X 

All 
X 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 

All 
X 
X 

All 
X 
X 
X 

Al l 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 
X 

d All 
X 

A ll 
X 
X 
X 

d All 
X 

All 
X 

All 
X 

All 
X 

d X 
X 



TABLE 3. Da.ta. on liquidus determinations in the system. BaO- B,03- SiO,-Continucd 

E. Compositions ill the 3BaO·B,O, primary field 

Composition , by weight 'rreatment Phases present 

Composi
tion 

number BaO SiO, 

'rim e 
held 

before 
quench

ing 

rrcrn
pera· 
ture 

n of 
quenched 

gl9SS 
(2.\° C ) Primary Other 

- --------------------------1---------

71 - 199 

.2- 109 

73-108 

74- 165 

7.5-166 

76- iJ 6 

77- 11 5 

78- 114 

79-11 3 

So-77 

8 1- 75 

82- 61 

83- 21 

84-73 

85-112 

86- 74 

87- 16i 

88-36 

89-35 

90- 111 

91-189 

92- 96 

93-14i 

94- 11 9 

95- 151 

96-148 

97-149 

98-120 

99-162 

100-152 

101- 203 

102- 164 

103- 80 

Percent 

77. 82 

80.04 

83.05 

54.88 

55.46 

62.80 

63. ·17 

64.93 

6.\.09 

65.82 

66.98 

67.22 

69.41 

69.58 

69.84 

70.24 

71. 38 

71. 41 

74.23 

74 . 70 

7i.00 

39.30 

40.26 

40.57 

42.42 

42.65 

43.49 

44.21 

4G.25 

48.05 

48.55 

52.90 

53.69 

Percent 

19.76 

16. 42 

15.0.5 

43. i9 

41. 38 

28.13 

28.42 

29.06 

23.23 

23.06 

20.08 

21. 30 

23.56 

25.73 

21. 07 

18.32 

18.66 

25.52 

19.63 

18. 85 

20.00 

55.04 

52.80 

55.81 

55.09 

47.2.5 

45.30 

49.81 

46.44 

47.56 

46.90 

45.71 

44.37 

See footnotes at end of table. 

Percent 

2.42 

3.54 

1.90 

{ 

i 

° C 
910 
906 
900 

f 875 
1, 077 
1, 073 
1,206 
1,198 

1. 698 
Vcry rare __ ~ __ __ _________ __ ______ __ ______ _ 
Moderate . . ___ __ Hare BaO·B20 , _______ __ 
Heavy __ _______ (BaO·B,O,)(BaO.SiO,) .. 

1. 705 
Hare . ______________________ . ____________ __ 

x -- -- -- -- ------- -- ---- -- ..... -- -- ---- -----

F. Compositions in t he BaO · B,O, primary fie ld 

I. 33 

2.16 

9.07 

8. 11 

6.01 

11. 68 

11.12 

12.94 

II. 48 

7.03 

4.69 

9.09 

11. 44 

9.96 

3.07 

6. 14 

6.45 

3. 00 

{ 
{ 
{ 
{ 

f 
{ 
{ 
{ 
{ 

j 
{ 
{ 

t 
t 

897 
892 
926 
921 

1,002 
999 
996 

1,028 
I. 023 
1,054 
1,050 

993 
988 
992 
987 
969 
96.\ 
984 
979 

1, 025 
1, 020 
I , Oil 
1, 074 
1.003 

999 
962 
958 
954 
968 
963 

1, 057 
1, 0.\3 

951 
946 
939 
934 
925 
920 

1. 620 

1. 622 

I. 645 

I. 646 

1. 649 

I. n52 

1.653 

1. 6.\6 

1.653 

1.663 

1.663 

1. 662 

I. 662 

1. 680 

I. 664 

J. 674 

1. 678 

1. 696 

Moderatc ____ ______________ . __ _ 

Rare_ .. _________ ... ___________ . __________ _ 

Rare . .. _____________________________ .. ___ 
Moderate .. .-'- _ 3BaO·3 B, 0 3·2SiO, __ __ __ 
Hare __ __________________________________ __ 

X--. ____ .. _____ ---------- ______________ __ 

Hare ______________ .. ____________ . _______ __ 

M oderate ___ . _____________ __ ____________ __ 

Rare ___________ _ _____ .. ______ .. __ .• __ .. __ _ 

Rare . ___________________ . _______________ __ 

X .-. __ . __ '" .- _____________ ........... __ _ 

Rare ______________________________ _______ _ 

Rare ________________ . ___________________ __ 

Hare __________________________ ..... ____ .. _ 
Moderate_ ____ __ BaO·SiO, __ __ __ ______ .. _ 

Rare __ ______ ________________________ _____ _ 

Modemte ___ __________ ... ________ __ ______ _ 

Rare _____________________________________ _ 

X .. _________ .. __ - __________ . ____ - -- __ ... __ 
- ----------------- ---------
Rare __ _____________ _______ ___ __________ __ _ 

O. Compo,itions in the BaO·2B,O, primary field 

5.66 

6.94 

3.62 

2. 49 

10. 10 

I J. 21 

5.98 

i.31 

4.39 

4.55 

1. 39 

J. 94 

{ 
{ 
{ 
{ 

t 
t 
{ 
{ 
{ 
{ 

845 
841 
835 
841 
839 
858 
853 
Bit 
872 
841 
838 
840 
835 
870 
867 
885 
880 
884 
881 
884 
877 
906 
900 
897 
894 

1.568 

1. 573 

1.572 

1. 578 

1.588 

1. 589 

1. 592 

1. 595 

1. 598 

1. 602 

1.617 

1. 618 

Rare __ ____________________ __ . ____________ _ 
Moderate _ __ __ __ BaO·4B, O'-- ___________ . 

Rare __ ______________________________ . ____ _ 

Rare __ ___________________ ________________ _ 

Moderate _____ .. ____ . ______ ..... __ . ______ _ 
------ ----------- -------------- - --------Rare . . __________________________________ _ 

Rare __ ____________ __ ______ . ..... ________ . 

Hare __ ____________ __ ______________ . ______ _ 

Rare __ _________ . _. _____________________ __ _ 

Rare _______ _ _ 

Moderate . . ______________________________ _ 

Rare. ___________________ . __ .. ____________ _ 

Rare ____________________________ .. ______ _ 

Glass 

All 
X 
X 
X 

All 
X 

g All 
bX 

All 
X 

All 
X 

All 
X 
X 
All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 

All 
X 
All 
X 

All 
X 

All 
X 

All 
X 
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XI 
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'l'.~B I , E 3. Data on liquidus determinations i n the system Ba O- n ,Oa- SiO,- - Co ntinllcc\ 

H. Compositions in the BaO·4B,O, pri mary fi eld I 
--- ---------------------------------------------------1 

Composi
tion 

num ber 

Com position , by weigh t 

BaO SiO , 

Trea tment 

Time 
hrld 

before 
Quench

ing 

'rem
pera
ture 

11 of 
Quenched 

glass 
(250 C ) Primary 

Phases presen t 

Other Gla ss 

1---- 1---------. ------ - _______________________ _ 

P ercent P erceni P erce lll 

104- 193 

105- 134 

106-29 i 

107- 133 

108- 137 

109-138 

110- 132 

IJl- 43 

112- 101 

113- 146 

114- U8 

11 6- 135 

117- 195 

11 8- 194 

11 9- 14.\ 

129-142 

12H44 

122- 161 

123- 141 

124- 140 

J 25- 2i 

126- 102 

127- 44 

128- 160 

129- 103 

136-104 

13H39 

132- 131 

133- 45 

134- 29 

135-105 

18. 0 

23. 24 

29. 05 

29. 63 

32.33 

33.34 

34. 18 

36.70 

37. 62 

38. 71 

39.33 

10. 10 

Ii. 5 1 

20. 0 

20. 0 

25.55 

29.85 

34. 13 

37. 76 

38.54 

42.63 

39. 28 

40. 36 

41. 37 

41. 72 

41. 81 

42. 46 

43. 91 

4.\. 05 

45.56 

41. 69 

'18. 79 

62. 0 

43. U 

70.95 

5-1. 99 

59. 98 

{;1. 85 

63. 42 

59.87 

56. 9·1 • 

56. 41 

,\7 . ~6 

18. 75 

32. 49 

30. 0 

40. 0 

11. 41 

2i. 18 

15.25 

16.87 

35. 09 

38.82 

51. 9 1 

48.52 

4.\. 43 

18. 64 

44.02 

42.01 

39. 98 

20. 12 

32.52 

25. 92 

22. 49 

See footnotes at end of ta ble. 
259047 - 5:'\- - D 

20. 0 

33. 65 

15. 38 

7. 69 

4. 8 1 

2. 40 

3. 43 

5. 44 

4. 8 

2. 8 1 

71. 15 

50. 00 

,\0. 0 

40. 0 

63. 04 

42. 97 

50. 62 

45.37 

26.37 

18.55 

8.8 1 

11.1 2 

13.20 

39.64 

14.17 

15.53 

16. 11 

34.83 

2 1. 92 

26.39 

28. 72 

{ 
{ 

hr 

{ J4 
>4 

{ 18 

1 
{ 

{ 
{ 
{ 

° C 
874 

871 

830 

825 

880 

876 

S41 

836 

81) 1 

856 

870 

865 
875 
872 
864 
860 
8M 
81) 1 
845 
840 
830 
861 
857 

{ I. 45 
l. 542 

{ I. 457 
l. 53 

{ l. 464 
l. 535 

{ J. 44 
l. 55 

{ -J: 548 

I. 55 

I. 556 

l. 563 

I. 5fi5 

1. Ml7 

}---------------- ------------ ----- - - -- -
Rare ________ ___________ .. ____ . _______ _ 

}---- --------- -- ------- -- ._--- ----- ----
Rarc ___________ .. _________ .. _______ _ ... 

}-------
R arC' __________ . ____ _ 

}-- ---- -- - -- - ----- -----
Rare _________ ... _. ____________ ___________ _ 

} ---- - --- --------- ----- -----------
Rarc _____________________ . ___ _ 

}---- --- ------- -- - ------------- -
.Rarc _________________ . _______ _ 

Rarc ___________ _ 

iVfod craLf> _____ _ 

Rarc ___________ _ 
M odl'ratc _____ _ 

R a re __________ _ 

I. Compositi ons in the S i0 2 j primary fi eld 

18 
2 

{ 5~ 
{ ~ 

{ 
{ 
{ 
{ 
{ 
{ 
{ 

1 
{ 

3 
1 ~ 
I V. 
~~ 
}, 

I 
I 
1 

16 
1 

1 

y.! 
}" 
y.! 
H 
H 

}o 
2 
1 
1 
I 
I y'! 
1 

y.! 
1 
l y'! 
1 

, 960 

830 

821 

, 860 

821 

, 1, 278 

1. 0 18 

960 

{ ~ 1. 4 7 
........ 1. 57 

{ ~ 1. 46 
~ 1. 58 

I}X---
}--- --

X ___ _ 

}X ___ _ 
}X __ -
X ___ _ __ Ba O·4ll, O, ____ _ 

}X __ _ 
}----- ------- -- -- - --
X _______________________________ . ___ _ 

1.350 { :::: ~ ~~ } _________________ _ 

1, 3 14 X _______________ _ 

' 1, 201 {-:':'i:57- }X _______________ ---- --------- - - ---- --
{ I 46 } (' 922 _ ~_~ ___ X _______________________________________ _ 

910 ________ X _______ . ___________________________ ____ _ _ 

915 { :':'i:59- }--------------- -- .----------------------
910 
826 
823 
814 
838 
830 
816 
834 
830 
8 10 

, 1, 200 
860 
850 
835 
860 
847 
89 1 
880 
870 

1, 102 
1, 0.\5 

955 
950 
900 

1, 101 
996 

1,008 
1. 004 

X _. ___________________________ . _________ _ 

1. 573 - X::::::::::::::: :::::-:-:::::-:::-:_:-::::1 
1. 577 

1. 582 

I. .\88 

1.588 

1. 592 

1. 595 

1. 600 

1. 606 

l. 610 
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X_______________ BaO ·2B, O, __ - __________ _ 

X ___ ________ ____ ________________________ _ 
X___ _____ __ ___ __ Ba O·2B, 0 , _____________ _ 

Ra re' _______________________ _ 
X __ ___ _ _ _ _ _ _____ Ba 0 ·213,0 , ______ _______ _ 
X ___ ______ ___ ___ _________________________ _ 

X ________ _______ . ___ ______________ . ___ __ _ 
X ___ _ __ __ _____ __ llaO·2B,O, ___________ __ _ 

X _________ __ ____ __________ _______________ . 

X _______________ _______ . ___ _ 
X - __ _______ _____ 3llaO·3ll , 0 ,·2SiO, __ ___ _ _ 

R are ___ ______ . ___ ___ __________ __ ________ _ 

Ra re _________________________________ . 
X _____ ______ __ __ 3BaO·3 B, 0 3·2SiO, ______ . 

X __ _____ . ___ . __ ____ _______________ __ _ 

X ____ ________________________ ._. _____ _ 

All 2 vlasses 
2 glasses 

All 2 glasses 
2 glasses 

All 2 glasses 
2 glasses 

All 2 glasses 

2 glasses 
A II 2 glasses 

2 glasses 
All 2 glasses 

2 glasses 
All 
X 
All 
X 

All 
X 

A ll 
X 
X 

All 
X 

2 G lasses 

A II 2 glasses 
2 G lasses 
2 G lasses 

2 G lasses 
2 G lasses 
2 Glasses 

All 2 g- Iasses 
2 G lassrs 

All 2 glasses 
2 G lasses 

2 Glasses 

2 G lasses 
2 Glasses 

All 2 glassrs 

2 G lasses 
All 
X 
X 

All 
X 
X 

All 
X 
X 
X 

All 
X 
X 

All 
X 
All 
X 
X 

All 
X 
All 
X 
X 
All 
X 
All 
X 



TABLE 3. Data on liquidus detenninali(ms i n the system BaO- B20 3- Si02- Cont inued 

Compo<; i· 
t ion 

number 

1. Comp osition s in t he Si O, ; p rim ary fi eld- Continued 

Composit ion , by weigh t 

Ba O 8iO, 

Treatment 

1"' ime 
held 

before 
qucnch. 

ing 

n of 
quen ched 

Tern · ~Iass 
pera· (250 C ) 
t ure 

Primary 

Phase,;;; present 

o til CI" Glass 

1----1·--------- - ---------1------- ----------·1----

136- 191 

137- 46 

138- 106 

139- 143 

140- 192 

141 - 190 

142- 66 

143- 97 

144- 163 

145-65 

146- 121 

147- 122 

14~-204 

149- 205 

150 .. 67 

151- 198 

152- 98 

153- 123 

154-38 

155- 99 

156- 92 

157- 50 

158- 34 

159-39 

160- 93 

161- 24 

162-87 

J63-40 

164- 68 

165- 32 

166-57 

167- 25 

168· 88 

169-69 k 

170-89 

171- 174 

172- 197 

li:l-Il7 

Percen t 

49.79 

49.89 

,\0. 59 

50. 64 

.\0. 69 

51. 43 

44. 98 

4.5.80 

47. 43 

47. 92 

48, 49 

49. 02 

49. 25 

49. 95 

50.85 

52. 06 

52. 09 

52. 10 

,\3. 41 

53. 56 

5:3 . 66 

.51 . II 

54.32 

54.38 

54. 46 

55. 24 

55. 72 

56. 56 

57. 15 

57.67 

57.72 

57.83 

58. 11 

58.30 

58. 63 

59.82 

61. 30 

61. 41 

See footnotes at end of ta blc. 

P ercent 

22.34 

19. 13 

]fj. 94 

22.62 

z:J. 08 

41. 87 

39. 94 

44.49 

35.05 

42. 74 

41. 8G 

45. 96 

45. 02 

28. 24 

21. J4 

25. 33 

30. 78 

43. 90 

21. 92 

30. 78 

27. 18 

24 . 37 

39. 45 

20. 67 

35. 50 

32. 52 

29.47 

26. 79 

24 . 37 

34. 85 

23. 66 

21. 83 

26.48 

19.51 

18. 43 

J9. 49 

27. 52 

Percent 

27 87 { 

30. 98 

32. 47 

26. 74 

27. 90 

25. 49 

{ 
{ 
{ 
{ 

I{ 

", 
}2 
~~ 

l y'! 

1" 1 
1 
1 
I 

H, 
y.! 

I 
1 
1 

° C 
1.005 
1.000 
1. 01 5 
1. 010 
1. 032 
I. 026 
1. 002 

996 
1, 005 
1, 000 
1, 000 

996 
993 

I. 615 

l.6ll 

~l.61 

I. 616 

1. 615 

I. 615 

Ra rc .. ... .. ........... . ... . 

x ..... .......... .. ........... .... ....... . 
x .. .......... .. BaO ·2SiO , ... . ...... __ . 

x ........ ................ __ ......... . __ .. 
Ra re .... 

Rare ... . - -- ------------------
X ......... .. 3BaO·3B, O,·2SiO, __ .... . 

J. Compositions in t he 3BaO·3B, O, ·2SiO, pri tU3ry field 

13. 15 {{ 

14. 26 

8.08 

Ii. 03 

8. 77 

9. 12 

4. 79 

5. 03 

20. 91 

2". 80 

22.58 

11.1 2 

2. 69 

24 . 52 

15. 56 

J8. 71 

21. 31 

6. 17 

24 .87 

9 . 21) 

1l. 76 

13. 97 

16. 06 

17. 96 

7. 43 

18. 51 

20. 06 

15. 22 

21. 86 

21. 75 

19. 21 

II. 07 

{ 
{ 
{ 
{ 
{ 
{ 
{ 

1 
{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 

{ 
{ 
{ 
{ 
{ 
{ 
{ 
{ 

~~ 
1 
1 
J 
I 
2 
2 
0-
H 

2H 
I 
1 
I 
I 
I 
1 
1 
I 

850 
844 
897 
892 
904 
901 
96S 
960 
924 
919 
9~6 
932 
890 
886 
904 
899 
986 
980 
995 
989 
997 
992 
985 
979 
900 
894 
886 
998 
995 

1, OO~ 
998 

1, 000 
996 

1, 001 
998 
957 
95,1 
999 
995 
984 
988 
981 

1, 002 
998 

1.005 
1. 000 
1. 008 
1. 005 
1,008 
1.004 

985 
980 
951 
940 

1.005 
J, OO I 
1. 005 
1,000 
1. 013 
1.011 
l. 002 

998 
997 
994 
995 
990 

1. 007 
1; 005 

994 
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I. 59:; 

I. 601 

I. 600 

I. fm 

I. 604 

I. 605 

I. 604 

I. 606 

I. 613 

1. (Hi 

I. 623 

I. 617 

I. 615 

I. 620 

I. 622 

1. 622 

I. 625 

I. 620 

1. 622 

I. 628 

I. 628 

1. 629 

1. 631 

1. 633 

I. 631 

1. 634 

I. 63 1 

I. 638 

1. 6:14 

I. 638 

I. 541 

I. 642 

X ............. .. ........... .. . . .......... . 

R arc. _____________________ ." _ 

Ra.re. _________ _ ~ _____ . !. ______________ . _". " 

Ha l''' . _ 

X . . .........•.• • •• • ...•...•• •• • ••. • •...... 

Rare ................................ . .. . 

:v[oderatc .. ..... Very rare Ba·2B,O, ..... . 

Rarc ____________________________________ _ 

Ran"' ._ . __ "."_. __ _____ ______ ". __ " _________ _ 

X ........................ . ....... . ... . 

X .- .................................. __ .. . 

Ra rc .................................... . 

Ra re ....................... . ............ . 
Moderate . . . . ... BaO·2B, O, . ............ . 

Rare ______________ __________ _____________ _ 

X .- ............. ......................... . 

iVf cderate . ________________ .' ________ _ . ___ _ 

ivroderat e ______ _ 

Rarr . 

Rare . _______________________________ ." ___ _ 
"'[odera te....... B aO·2SiO, . ............ . 

Rare ..................................... . 

Ra rc ............. __ .......... . ........... . 

Moderate. _____ __ __ __________ _________ __ _ 

. - -- - - - -." -- - ---- - - - - - - - - - ------- --".-
Mod era te .. ..... __ .. .. ................... . 

Mod era te _________ . _____________________ " 

R tlre . ____________ _______________________ _ 
iVfodera t C' ______________________________ _ 
Large..... ...... B aO·B,O,. ____ ......... . 

R arc __ 

X ..... __ ......... . .. ........ ....... ...... . 

Very rare_ ___ _ __ _ ________________________ _ 

- -----_. ------------------------ - -Rarr ________ ______ _________ ____ ._. ______ _ 

X . __ __ ......... . 

Rare ................................... . . 

Rare ____ _________________________________ _ 
Modera te . ... ... Ba O·B, O, .............. . 
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X 
All 
X 
All 
X 
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All 
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X 
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All 
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X 

All 
X 

All 
X 

All 
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J . Compositions in th e 3B aO·3B ,0 3·2SiO, prima ry fi ehl- Cont inucd 

Composi
t ion 

number 

Co mposition, b y weight 

BaO B,0 3 SiO , 

Treatment 

'rime 
held 

before 
Quench-

in g 

T em
pera
ture 

n of 
quenched 

glass 
(250 C ) Primary 

P hases prcscn t 

Other Glass 

-----------------------1------1----------

174 -56 

175- 8 1 

176-82 

177- 196 

178- 53 

Percent 
62. 44 

63. 13 

61.20 

64.77 

65. 41 

Percent 
23. 23 

21. ~1 

18. 70 

21. 39 

22.10 

Percent 
14 . 33 

15. 56 

17.10 

13.84 

12. 49 

°C 
996 
992 
998 
993 
978 
974 
985 
981 
972 
969 
961 

aX-ray powder pattern of crys ta.ls grown at 1.100° C showed vcry slight irregu la r • 
shift in d spacings from pure BaO·2Si02. N o d etectable chan ge in optical 
properties. 

b Solid sol ution with BaO·2Si02 and with barium borates, confi rm eci by optical 
and X-"ay data . 

eX -rA Y powder pattern of prim a ry ph?se crys t a ls showed a m ax imum sh ift of 
0.02 A in tl spacings from pu rc 2BnO· :JS iO,. ~o detcctahle chan gc in optica l 
lH"Opcrties. 

d Includes quench growths and bari um platin ates. 

features of the BaO- Si02 system. Melting ,)oints, 
optical properties, and X-ray diffraction data for all 
compounds in the system were determined; and a 
microsco pic and X -ray study of the B aO·2Si02-

2BaO·3Si02 solid solution area was made. 
The melting points and optical properties of the 

compounds were fo u nd to be, in gener al, in close 
agreement with the r eported values [15, 16]. Eskola 
[15] reported the melting point of dibarium silica te 
(2BaO·Si02) as being above that of pla tinum. By 
a method of optical pyrometry [19], i t was possible 
to estimate the melting point a 1,8 1.'> ±25° C. 
Microscopic examination of 2BaO·Si0 2 that had 
been heated above 1,800 ° C gave some new opLical 
data. Th e material appeared as irregular grains 
sho'wing good cleavage parallel to the plane con tain
ing the alpha and beta vibration directions; it was 
biaxial positive with a very small 2V (5 to 10°) ; 
a = 1.800, {1 = 1.80 + , -y = 1.826. 

T able 2 gives a comparison of the X-ray powder 
pattern diffraction data obtained in this study with 
that of Austin's [20]. Although agreement between 
the t wo sets of data is reasonably good, enough 
differences exist to warrant r ecording. It can be 
seen from table 2 that minor differences exist in 
in terplana r spacings and r elative intensities between 
cOl'1'esponding patterns. The present study reveals 
additional intel'planar spacings for most of the co m
pounds, in particular for BaO·2Si02 • Perhaps tbe 
most notable difference in the corresponding pairs 
of patterns is the lack of agreement of the three 
major peaks (identified as (1), (2), and (3) in table 
2) . Only the numbers (1) and (2) peaks for 
2BaO·Si02 and the number (1) peaks for BaO·Si02 
and 2BaO·3Si02 agree between the two sets of da ta. 
The r emainder of the peaks are either interchanged 
in order of in tensity or are entirely different. The 
discr epancies in order of intensity of the tlu'ee major 
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I. 64 1 

I. 645 

1. 64i 

I. 648 

I. 648 

"!\1odcra t c . __ __ _____ ____ ______ _ • ________ _ 

R arc __ __________ _________________________ _ 

Rare _______________________ _____ _________ _ 

R,are _________ __ _______ ________________ _ ._ 

Rare ______ ______ _ ______________________ _ 
Moderate _______ BaO·B, 0 3 _______ . _____ _ 

e Liquidus grea ter than this te rn pcrfl tu re. 
f 'r em pera ture of a ternary in var ian t poin t. 
'All glass dcvit rificd to form Quen ch growths . 
b Glass and quench growt hs. 
i To check liq u id us of binary imm iscihili t y rcgion . 

All 
X 

A ll 
X 

All 
X 

All 
X 

All 
X 
X 

j I\rfosL diflicult of tile primary phase regions st udied and , con S('qu(' ntl~·, th e lea st 
accura te; triciym it.(' only form id entifi ed . 

k Composition of 3BaO.3B, 0 3.2SiO, _ 

peak for corresponding sets of data are du e probably 
to orientation. In this stud y, an attempt was made 
to minimize orientation in the sample du_ring speci
men moun ting. The finely ground material (passing 
a No. 200 me h screen) was neither packed nor 
scraped at any stage of prepara tion but was sprinkled 
freely over a microscope slide (which served as a 
specimcn holder) that had been smeared with a thin 
layer of petrola t um. 

Study of the BaO·Si02- 2BaO·3Si02 solid solu tion 
area was based on the followin g four compositions: 
100 percen t of BaO·2Si02 (0 percent of 2BaO·3Si0 2), 
70 .8 percent of BaO·2Si02 (29.2 percen t of 2BaO· 
3Si0 2), 37.5 percent of BaO·2Si02 (62.5 percent of 
2BaO·3Si02) , and 0 percent of B aO·2Si02 (100 
percent of 2BaO·3Si02) . R esul ts of the optical 
examination agreed with Eskola's study [15J . The 
X -ray data, however, did not conclusivcly show a 
solid solution series. The powder pattern for the 
composition containing 70.8 p ercent of BaO·Si02 
(29.2 pefcent of 2BaO·3Si0 2) showed several double 
peaks which indicated the presence of two phases. 
Even after an additional melting and grinding of the 
mixture, these dou ble peaks persisted . It is believed 
that single crystal work, which would permit the 
determination of unit cell sizes, would be the most 
suitable m ethod of studying the solid solution area 
by means of X -rays. 

4. Experimental Results and Discussion 

4. 1. General Statement 

Table 3 gives the essential quenching data for the 
178 compositions studied, grouped according to 
pt'imary ri.elds of crystallization. The compositions 
within each primary field are arranged according to 
increasing percentage of BaO. The locations of the 
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FIGU R E 6. Phase equitibri1i1n diagram for the system BaO- B20 3-Si02, showing i sotherms, boundaries, and 
invariant points. 

F I GU RE 7. Compo sition triangles in the system BaO- B20 3-
Si02• 
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compositions studied ar e shown in figure 1. The 
data from table 3 are plotted in figures 6 and 7. 

Figure 6 shows the ternary diagram for the system , 
with the temperatures of the invariant points listed 
alongside. The heavy lines, solid and dashed, rep
resent the phase boundaries and delineate the pri
mary phase areas. The arrows indicate the direction 
of falling temperature, in the conventional manner. 
I sotherms are drawn generally at lOO-deg intervals, 
but in some cases at 50- or 25-deg intervals . The 
temperatures for the polymorphic inversions of silica, 
such as quartz to tridymite and tridymite to cristo
balite, could not be obtained experimentally, but for 
the case of the tridymite-cristobalite inversion the 
assumption was made that the in version temperature 
is the same as for pure silica, namely, 1,470° C. 
Little data could be obtained in the regions very rich 
in BaO, for example, in the 2BaO·Si02 and BaO 
primary phase areas, (1) because of the reaction of the 
samples with platinum at high temperatures to form 
barium platinates, (2) because of the extremely rapid 
rate of devitrification of samples during quenching, 
and (3) because of the rapid hydration of samples 



------ -

after quenching. Experimental difficulties due 
larO"ely, it is believed , to the high viscosity of the 
melts were encountered , likewise, in studying most 
of the two-liquid immiscibility i'egion and the silica 
primary phase area. It should be noted that such 
factors were enco untered as very fine crystals difficult 
to identify, evidel1ces of nonequilibrium cOildition , 
failure to obtain clear-cut separation of the immiscible 
liq uids, and inability over most of the silica fi eld to 
determine liquidus temperatures. This portion of 
the diagram, therefore, is of a tentative nature, but it 
is thought that the relationships as shown are essen
tially correct. 

Each of the eight binary compounds shows a 
primary phase region in the ternary diagram (fig. 6) . 
Only one ternary compound, 3BaO·3B20 3·2Si02, is 
found . " The system contains 5 ternary eutectics, 
letter ed A, B, C, 0 , E; five ternary invariant points 
not eutectics (reaction points) letter ed F , G, H , I , J ; 
and 2 quintuple points , letter ed K and L, at which 2 
liq uid phases are in equilibrium with 2 crystalline 
phases and vapor. 'With the exception of point J, 
temperatures of these invariant points range between 
810° and 980° C. The invariant point J is under 
1,370° C, the value of t he binanT eutectic between 
BaO and 3BaO·B20 a.However, a,s point J is located 
n ear the binary eu tectic, it is to be expected that its 
liquidus valu e is not mu ch lower. One other in
variant point, M, r epresenting the equilibrium be
tween silica, boric oxide, and BaO·4B20 3 is postulated 
[? 1] to lie somewhere in the narrow region bet ween 
the B 20 3-Si02 binary and the boundary between the 
two immiscible liquids and one-liquid regions . Th e 
most promin ent feature of the diagram is the large 
ex tent of the area of two immiscible liq uid s, which 
covers approximately 50 percent of the diagram. It 
is also interesting to note that the BaO·4B20 3 and 
Si02 primary phase areas include almost 70 percent 
of the diagram. 

Figure 7 shows the cleven composition triangles 
formed in the system by the Alkemade lines. For 
th e purpose of clar ity , isotherms are not shown. 
Three secondary binary systems are evident: 
BaO·Si02- BaO·B20 3 , 3BaO·3B203·'2Si02-BaO·B20 a, 
~nd :iBaO·3B20 3·2Si02-BaO·2B20 a (see also fi g. 8, 
0 , E, F) . It cannot be stated with ass urance 
whether or not the system 3BaO·3B20 3·2Si02-

BaO·2Si02 is a binary because the exact nature and 
extent of the solid solution field is not known (see fig. 
8, A). The system 3BaO·3B203·2Si02-BaO·B20 3-
BaO·2B20 3 is seen to be a secondary ternary system. 
Crystallization paths for compositions in that por
tion of the baria-borosilicate system wher e liquid 
immiscibility does not occur are, in general, straight
forward and familiar types. T ypical crystallization 
pa ths in a two-liquid area are discussed b y F lin t and 
W ells f3] . 

4.2. Stability Fields of the Binary Compounds 

a. BaO·2Si0 2 

Barium disilicate forms solid solutions with 
2BaO·3Si02 and probably with the barium borates, 
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the partial limits of thf'se solid olutioQS are shown 
in figure 6. Compositions studied in the BaO·2Si0 2 

primary fi eld are given in table 3, par t A. Liquidu 
temperatures vary from th e melting pointt1(of 
BaO·2Si0 2 (1,418° C )3 to a minimum of 950° C 
(point E ). Optical properties of the primary phase 
crystals within the limits of experimental measure
ments did not differ from those of pure BaO·2Si02 • 

X-ray diftraction powd er pattern data of primary 
phase crystals grown at ] ,100° C for two composi
tions (11 and 13 of table 3) showed a very slight and 
irregUlar shift of d spacings from the pure BaO·2Si02. 
The shift, averaged less than 0.01 A, which is about 
the expected limit of accuracy of the experimental 
conditions. vVben liquidus temperatures along the 
join BaO·2Si02-3BaO·3B20 3·2Si02 are plo tted (fig. 
8, A), a distinct and experimen tally significant 
discontinuity is found in the liquidus curve at about 
1,250° C. At this break, the minimum deviation of 
the curve from one which 1V0uid show no breaks 
(that is, a straight, line) is 50° C, a value undoub tedly 
above the limit of experimental error. It must be 
conclud ed , therefore, that the break in th e curve ' is 
is indicative of a relatively sha,rp phase change. It 
would seem likely that th e break represents the 
transition temperature oetween two closely related 
solid solutio 1 phases, bu t th e nature of these phases 
i.s not known. 

b. 2BaO ·3Si02 

Dibarillm trisilicate fO!"l1lS solid solutions with 
BaO·2SiO~ and with the barium borates. The par
tiallimits of the solid solutions are shown in fi gure 6. 
Compositions studied in the 2BaO·3Si02 primary 
field are giv en in table 3, B . 

Primary phase cr ystals from compositions 21, 22, 
29 , 30, 33 , 37 (table 3, B ) gavc d istin ct evid ence of 
being solid solution crystals, both by optical and 
X-ray method s. No detectabl e differences in optical 
properties from pure 2BaO·3SiO~ were found for the 
primary phase crystals obtained from the remaining 
co mpositions. Howevef, crystals from the composi
tions 25, 26 , 38, and 42 showed small and ineglliar 
shifts in d spacings, to a maximum extent of 0.02 A. 
X-ray data were not. obtained for all compositions in 
the fi eld , but it seems from the limited data availahle 
that all or most of the compositions would show 
similar slight differences. 

W"h en the liq uidus temperatures are plotted for 
the join 3 BaO·3B20 3·2Si02- 2BaO·3Si02, a discon
tinuity is found in the liquidus curve at about 
1,250° C (fig. 8, B), or the same temperature as the 
break in the 3BaO·3B20 3·2Si02-BaO·2Si02 join. The 
liquid us curve for the join BaO·B20 a-2BaO·3Si02 

(fig. 8, C) similarly shows a break in the 2BaO·3Si02 

solid solution field, but it is not as pronounced and 
OCCUi'S at a lower temperature (approximately 1,125° 
C) . The latter join is more nearly parallel to the 
isotherms than the other two joins me ntioned, and, 
conseq uently, the location of the break may he less 
accurate. 

3 Temperature val ues on the BaO-SiO, binary have not been converted to 
the International Temperature Scale of 1948. 
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In his study of the system BaO-AJ20 3-Si02, 

Thomas (16] found var.ving indices of refraction for 
all composit ions within the field surrounding the 
co mposition 2B aO·3Si02 ; and, therefore, he proposed 
that 2BaO·3Si02 is not a true compound but merely 
a par t icular composition at or near the maximum in a 
solid solu tion series. X-ray powder pattern data 
a ppeared to confu'm his co nclusion , although the 
varia tion s in d valu es were not as pronounced as the 
varia lions in indices of refraction. In the present 
study, the r everse situation is true, namely, that 
X-ray measuremen ts in many instances a ppear to 
sh.ow ver.v sligh t differ ences that are not revealed b.\' 
op I ical method s. The present study, likewise, does 
not conclu sively prove the existence of a 2BaO·3Si02 

primary phase field of unvarying composition and 
properties. 

The question as to whether or no t dibarium tri
silicate is a compound becomes especially important 
when drawing the composition tria ngle (fig. 7). 
Obviously, if dibarium trisilicate is not a compound , 
no Alkemade line can originate from its composition 
poin t. Finally, the method of eu tee tic matrix com
position r22 , 23] was tried . 

Seven pertin ent ternary compositions, shown by 
the dots in figure 7, were selected fOT study. The 
formulated compositions were mel ted and stilTed 
above the liquidus in order to obtain homogenrit.v . 
Th e melts were then crystallized by suhj ecting them 
to a slow cooling schedule. The phases in the de
vitrified samples were iden tified b.IT petrograph ic 
examination. 

N[ost of the samples contained varyin g amo unts of 
qu ench growths and small amounts of glass, indicat
ing that equilibrium conditions and complete de
vitrifi cation were no t achieved . In most cases only 
two crystalline phases were identified. This may be 
explained on t.he basis that devitrification of the 
solid solu tion crystals consumed all the avail able 
liq uid before a third phase crystallized. In the case 
of one composi tion (a, table 4) for which no solid
solution phase appeared , a difrflrent explanation is 
necessary, as, fOT example, too small a percentage of 
fine-grained material intermixed with the quench 
growths of anot.her phase. 

F igure 9 and table 4 show the location of the com
positions studied, together with the phases identified. 
Compositions b, c, and e after devitrification showed 
three phases : 3BaO·3B20 3·2Si02, BaO·B20 3, and a 

solid solution wi th opti cal proper ties closely resem
bling 2BaO·3SiOz. Only 3BaO·3B 20 3 ·2Si02 and 
BaO·B20 3 were round in composition a. Th e data 
from the four mentioned composit ions arc consisten t 
wi th the compatability triangles as drawn. If the 
correct Alkemade line were really the Jom 
3BaO·3B 20 3·2Si02-BaO·Si02, a possibili ty if 
2BaO·3Si02 is only a composit ion in a par tial solid 
solu t ion seri es between BaO·2Si02 and BaO·Si02, a 
B aO·B20 3 phase should no t have been obtained for 
compositions b and e, but rather some indication of 
BaO·Si02• Fur thermore, compo ition 9 gave no 
indication of a 3BaO·3B 20 3·2Si02 phase whereas a, 
only a few percent away, showed a moderate amount 
of 3BaO·3B 20 3·2Si02• It seems reasonable to sup
pose that an Alkemade line, as drawn, passes be
tween the two compositions. Compositions b and 
e both showed BaO·B20 3, wh ereas compositions d 
and j, nearby, did not. The only join that satis
fi es this resul t connects 3BaO·3B20 3·2Si02 and 
2BaO·3Si02. Because the composition 2BaO·3Si02 

seems to represen t the only logical point fo r th e 
origination of two Alkemade lines, it must be con
cluded that 2BaO·3Si02 is a compound, regardless 
of th e extent of the solid-solu tion region. 

I .. 
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~ 

I 

B 0 BoO 
f3 0 B203 
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solut ions 

F IGURE; 9. Location of 7 glass compositions and phases 
1:dentified in the devitn jied glasses. 

TA B 1.8 -t. Phases identified in seven devi/rified glasses, in an attempt to de /amine by the method of eutectic uwtri:J: composition 
wheth eT 2 BaO· S8t02 is a compound or meTell1 a paTticulm' composition 

Co mposi- Co mposition (weigh t 
Dcsig- tion n UIll - percent) 

Phases ide ntified (I = large amount; s=small amou nt; 
m=moclcratc amount; ss=solid solu tion) 

nation ber in -------;------;---]-.-----,-------,-----,--------
table 3 I BaO B,O, SiO , 3BaO·3B,O, ·28iO, BaO ·B,O, 213 aO·38iO , BaO·2SiO, 

--------------------------]------ ------]-----



c. BaO.SiOz 

Compositions determining the barium silicate 
primary phase area (fig. 6) are listed in table 3, 
part C. Optical properties of the BaO·Si02 crystals 
agreed well with the recorded values [15 , 16, 20]. 
The lowest temperature for any liquidus in the 
field is 875 ± 5° C, at the ternary eutectic C. Barium 
silicate and barium borate form a true binary sys
tem , with a eutectic at about 940° C and 43 percent, 
by weight, BaO·SiOz (fig. 8, D ). 

d. 2BaO·SiOz and BoO 

Information on the field of dibarium silicate could 
be obtained from only seven compositions (table 3, 
part D ). Six of these compositions were located 
along the 2BaO·SiOz-BaO·Si02 boundary. The 
seventh (No. 70), on about the 79 percent BaO 
isopleth, form ed quench growths and barium plati
nates to the extent that the liquidus value could 
not be determined; and such was the case for all 
compositions in the field richer in BaO. Dashed 
isotherms were drawn by extrapolation from known 
boundary curves. 

For similar reasons, together with the high tem
peratures involved , no liquidus values could be 
obtained in the BaO primary phase region. Beca,:!se 
of th e reaction of BaO at elevated temperatures wIth 
the platinum of a thermocouple, differential thermal 
analysis cannot be applied , as was discovered in the 
stu{y of th e B aO-Bz0 3 binary system [4] . It is ap
parent, however , t,hat the BaO primary field must be 
limited to a small ar ea in the corner of the diagram. 

e. 3BaO·Bz0 3 

Liquidus determinations in the tribarium borate 
field presented most of the same difficulties as in the 
2BaO·SiOz and BaO areas; however, the three com
positions st udi ed (table 3, part E ) served to delineate 
th e tribarium borate fi eld , which is the smallest in 
the system . Composition 71 (liquidus 90S o C) was 
close to the ternary eu tectic C (fig. 6), and a sample 
quenched from 8'75° C showed three crystalline 
phases (3 BaO·Bz0 3, BaO·Bz0 3, and BaO·SiOz) in 
equilibrium with small amount of glass. A ternary 
reaction point is postulated at J (figs. 6 and 7), where 
the crystalline phases 3BaO·B20 3, BaO and 
2BaO·2i02 would be in equilibrium with glass. The 
invariant point J might be expected to be near in 
both temperature and composition to the binary 
eutectic between 3BaO·Bz0 3 and BaO at 1,370 0 C. 

f. BaO·B20 3 

Eighteen compositions (table 3, F ) were studied 
in the primary phase field of barium borate, and no 
experimental difficul ties or unusual features were 
encountered . Four ternary invarian t poin ts C, D , 
Hand B (figs. 6 and 7) ranging in temperature from 
S75° to 925° C were located on its boundaries. 
Barium borate forms true binary sys tems with 
both BaO·SiOz and 3BaO·3Bz0 3·2Si02 (fig. S, D 
and E ). 
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g. BaO.2B20 3 

The 12 compositions studied in the barium diborate 
fi eld are given in table 3, G. The compound forms 
a true binary system with 3BaO·3Bz0 3·2Si02 (fig. 
S, F ) and accordingly a temperature maximum is 
shown on the boundary curve BF of figure 6. 

h. BaO·4B20 a 

Compositions for this field are listed in table 3, H . 
Barium tetraborate occupies a primary phase region 
second in extent only to that of silica. It is interest
ing to note, also, that less than 5 percen t of the field 
lies in a one-liquid region , whereas more than 95 
percen t is in the two-liquid immiscible area (fig. 6). 
As the percentage of silica increased , determinations 
of liquidus temperatures b ecame successively more 
difficult because of sluggish crystallization of the 
viscous melts. The boundary between the two
liquid and the one-liquid region adjacent to th e 
B20 3-SiOz binary was not determined and is shown 
as a dashed line (figs. 6 and 7). That this boundary 
must lie within several p ercent of the BzOa-Si02 
binary is deduced from the limited data on the in
dices of refraction of the low index conjugate glass 
(see "n of quenched glass" , table 3, H ). The values 
are approximately the sam e or less than those for 
pure SiOz or BzOa, both of which are about 1.46 [24]. 

If the compatability triangle formed by BaO·4Bz0 3, 

B20 3, and SiOz (fig. 7) is correct, no additional com
pounds showing a stable primar~T phase area can be 
formed within its boundaries. It is then n ecessary 
to postulate an invariant point M located in the 
narrow one-liquid region adjacent to the Bz0 3-SiOz 
binary, where the three primary phases coexist in 
equilibrium. In this event boric oxide would 
possess a very narrow primary fi eld extending from 
the invariant point to pure boric oxide. Because of 
experimental diffi culties, no attempt was made to 
substan tiate this conclusion . 

j . SiO, 

The silica primary phase area (fi g. 6) occupies 
approximately 40 percent of the phase diagram, and 
the silica liquidus surface is distorted by the occur
rence of liquid immiscibility. The fi eld consists of 
a large portion in the two-liquid area limited on 
three sides by a portion in the one-liquid area. .A 
nalTOW strip of one-liquid area is presen t along the 
B 20 3-Si02 binary and extends to the postulated 
eutectic at M. Another portion of the one-liquid 
area extends along the BaO-SiOz binary to the 
eu tectic at 1,374° C between BaO·2Si02 and SiOz, 
and then penetrates th e in terior of the diagram 
adjacen t to the primary phase fields of BaO.2SiOz, 
3BaO·3B 20 3·2Si02, and BaO·2B20 3 • The invarian t 
poin t A represen ting the equilibrium between SiOz, 
BaO·2B20 3 and BaO·4Bz0 3 is at S] 0° C . That the 
silica fi eld must extend to the BaO·4B20 3 field ,,~as 



first evident from the fact that Si02 and BaO·4Bz0 3 
were th e onl.\' primar:v phases identified in th e t wo
liquid area , and fields entering a two-liquid area 
must persist unt il liquid miscibility is again en
co untered . 

Systemati c in vestiga tion of the silica field was 
hampered by th e extremel:v high viscosities of all the 
melts and th e attendant slow rate of cr~'sta.l growth 
anel approach to equilibrium. Actualliquielus values 
could not be obtained for a number of compositions 
(l ]5 , 117, 119, 122, 123, 128 table 3, 1); but phase 
identifica,tion in these cases was useful in approxi
matin g the limits of liquid immisc ibilit~" . In areas 
adjacent to the primary phase boundaries, it was not 
usua.JI.\' possible to determine the exact temperature 
of apprarance or disappearance of the silica phase. 
Consequently , the silica area of the diagram is less 
a,ccura te than the rest both as regards to temperature 
and boundaries . 

Tridymite was the onl~T form of sili c!l, identifi ed. 
Even at temperatures as low as 823° C (?\o. 125 of 
table 3, I ), or about 44 deg below the inversion 
temperature of pme tl' id ymite to quartz , no quartz 
was form ed in any of the mixtures. In the studv of 
the system K zO- 1fgO- Si02 [25], Roedd er also fo'und 
tl'idymite persisting metastably, to a eutec ti c poin t 
at 71 5 ± 10° C. H e concluded that a quartz 
liquidus stable at a higher temperature presumabl y 
exi sted , but because of the viscous nature of the 
glass, excessive time \\'ould be req uired to demon
stra,te the poin t. 

4.3. Stability Field of the Ternary Compound 
3BaO·3Bz0 3·2Si02 

This \\'as the onl.'· temal'.\' compound found in the 
s~rstem , and 37 compositions wi thin its primary 
fielel \\'ere stuciied (table 3, J). The fi eld occupies a 
large portion of the glass-forming region of the 
s.'"stem, and it was observed qualitativel.\- that rates 
of dev itl'ifiration (or of crystal growth) with the 
exception of compositions in the sili ca fi eld were 
much slowe r than for compositi ons in th e other 
primal'.\- phase areas. 

The compound 3BaO·3Bz0 3·2Si02 mel ts congru
ently at 1,009 0 C. As seen from the spacing of the 
iso therms (fi g . 6), its primary field is extremely 
flat , indicative of a high degree of dissociation of the 
compound in tb e liquid state [26]. The compound 
crystallizes a.s irregular, elongated, and fiber-like 
grains with positive sign of elongation . It is biaxial 
negative: a = 1.669, i3 = l.696 , ,,), = l.702 . (25 ° C), 
with a mod erate optic ax ial angle of about 35°. 
The refractive index of the glass is l.633. WIlen the 
compound is formed b~T devitrif.'Ting glass, poly
synthetic twinning is prominent. Data from the 
x-ray diffraction powder patterns are given in 
table 5. 

Five ternary invariant points (B , H , G, E , F , fig. 
6) are found along the boundaries of the 38aO· 
3B20 3·2Si02 field . The lowest of these invariant 
points is at 825° ± 10° C (point F). The ternary 
compound forms tr ue binary systems with BaO·Bz0 3 
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TABU; 5. X-ray diffraction data. for the compound 
3BaO·3B20 a·2Si02, showing hlterplanm' spc£cings (d) and 
Iheil' l'elative intensities (1 ) 

d ! I Ii 

I 
T 

A % A % 
4.96 35 2. 17 23 
4. 91 47 2. 14 20 
1. 65 48 2. 09 25 
4.09 17 2. 06 35 
3.95 46 2. 04 32 
3.69 53 I. 989 17 
3.59 16 1.898 II 
3.51 (j I. 808 3 
3. 43 13 I. 776 7 
3. 29 89 (3) I. 759 10 
3.09 I()()( I) I. 742 1:1 
2.96 9R (2) 1. 722 4 
2.82 58 I. 659 fi 
2.75 12 L 642 8 
2. 72 16 L 602 17 
2.65 25 I. 579 4 
2.50 50 I. 5~9 8 
2. 47 8 I. 484 9 
2.34 13 I. 461 4 
2.20 23 

and with BaO·2B20 3 (fi g. 8, E, F). As discussed 
earlier , it is not believed t hat 3BaO·3Bz0 3·2Si02 

forms a true binary system with BaO·2Si02, because 
the nature of the solid olu tion area, is not known 
(fig. 8, A). 

4.4. Two-Liquid Area 

The approximate shape of the t wo-liquid area at 
the liquidus is sho\v n in figure 6. An interesting 
feature of the immiscibility area is the marked 
increase in concentration of BaO in the less s iliceo us 
Liquicis, proceeding toward the in terior of the dia
gram from the baria-boric oxicle binar.\'. The maxi
mum content of B aO in the ternary liq lIids is a boll t 
43 percen t, which is an increase of 11 pCl'cent over 
the BaO conten t of the corresponding binary liquid. 
A similar observation was made in the lime-boric 
oxide-silica system [3, 21] and in t he ZnO-B20 3-Si02 
system [27]; but in these systems both the CaO-Si02 

and the CaO-B20 3 binaries and the ZnO-Si02 and 
ZnO-B20 3 binarie , respectively, exhibit large immis
cible regions. In the present system only the 
BaO-B20 3 binary possesses a liq lIid immiscibility 
r egion, but the flat liquidus portion of the BaO-SiOz 
s.vstem indicating an approach to two-liq ui d immis
cibili ty as discll ssed earlier (fig. 5) is probably a 
factor contributing to the wide exten t of liquid 
immiscibility in the ternary system . In a study of 
the effect of lanthanum and barium in glass-forming 
systems, Bl'e'l'{ster and his coworl\:ers [1] present 
some very limited data on immiscibili ty in the 
s.\·stem BaO-Bz0 3-La20 3. Their data indicate that 
in this system, the addition of La20 3 to the binary 
S\'stem BaO-B20 3 causes a decrease in extent of 
l{quid immiscibili ty. 

Gell er and Bunting [28] in an investigation of the 
system PbO-B203-SiO~ found a lai'ge r egion of two
liquid immiscibility similar to that in the CaO-B20 3-
Si02 system. The PbO-B20 3 binary has an immis
cibility gap [29], but none has been reported in the 
PbO-Si02 binary [30, 31] . The immiscibility area, 
nevertheless, shows an increase in concentration of 



'f A R I, E 6. Tie-line compositions in the illl miscibility area 

Compositions 

Compo-
sition Initia l a High SiO, glass Low S i 0 , gl.ss Liquidus Separation 

number 

Ba O B,O, SiO, BaO B,O, SiO, BaO B,O, SiO, 
----------------------------------

% % % % % % % % % °C I 

104 IS. O ~2. 0 20.0 { 29.62 6·1. 21 6. Ii 4. SO 59.24 35 96 } 872 { 925° C ,' 16 hr . 
29. 15 64.88 5.9i J I. S4 60 02 28. 14 1,250°C/1 hr. 

I 
118 20.0 40.0 40.0 32.55 42. 79 24.66 3 2i 33.8:l 62.90 >~23 1,250° 0 /1 ilr. I 

a Formulated from end members 311<1 not analyzed . 

PbO in the less siliceous liquids proceeding toward 
the interior of the diagram from the PbO-B20 3 binary . 
The PbO concen tr ation varies from about 45 percen t 
on the PbO-BzO. binary , to a maximum of about 
60 percen t. Inspection of the PbO-SiOz diagram 
showed that the liquidus curve had no t been deter
mined beyond abou t 35 percen t, by weigh t, of Si02 . 

It is postulated , therefore, from the shap e of the 
ternary immiscibility boundary that the liquidus 
curve in the unexplored area of the PbO-Si02 binary 
migh t be S-shaped as in the BaO-SiOr system. 

A study was m ade of the compositions of conju
gate liquids formed within the immiscible area by 
melting of two compositions, one in the BaO·4Bz0 3 

and the other in the Si02 primary field. The r esults 
are listed in table 6 and shown in a por tion of figure 
7. In figure 7, the solid do ts in the BaO·4Bz0 3 and 
Si02 fields represen t the two initial composi tions; 
and the open circles connected by s traight lines, the 
analyzed values of the separated compositions. 

The ini tial compositions were prepar ed from the 
end members, barium carbonate, silica gel and boric 
acid , by the described method of repeated grinding 
and par tial fu sion . These two compositions wer e 
no t analyzed a t the star t, bu t the two separated 
compositions, regardless of the degree of separa tion , 
and the associated initial one must, lie on a straigh t 
lind provided ther e has been no change on the ini tial 
composition during the heat t reatmen t. Figure 7 
shows that the three associated compositions do lie 
essentially on a s traigh t line; and it is reasonable to 
assume that composition number 118 (in the silica 
field) was al tered slightly during its preparation. 
In no case was separation of the conj uga te immiscible 
liq uids complete, but the intersection of the line 
passing through them with the boundaries of the 
immiscible area is a tie line for the particular tem
perature of separation. 

The quint uple line KL is the boundary separating 
the BaO·4B20 3 and Si02 primary fi elds. Any point 
on the quin tuple line represen ts the equilibrium be
tween two liquids of compositions K and L , two solids 
BaO·4B20 3 and SiO~, and vapor. 

As separation of the immiscible liquids could no t 
be achieved b~- gravity a t the liquidus temperature 
or slightly above, the actual separations were made 
well a bove the liquidus . For composition number 
104 (fig. 7 and table 6) separation was tried at two 
tempera tures, 9250 and 1,2500 0, in an attempt to 
ob tain information on the effect of tempera ture on 
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the exten t of two-liquid immiscibility. Because of 
incomplete separation, i t was not possible to draw 
any conclusions from the lengths of the two tie lines . 
Inspection of the d ata, however , in t·wo other re
spects was revealing: (1) The tie lines for the two 
tempera tures of separation for composition 104 (fig. 
7) showed a small bu t significant angle between them . 
This ro tation of the tie line with increasing temper
ature is positive indication that the compositions of 
the conjugate liquids ar e changing wi th temperature 
[32]. (2) The indices of r efraction, measured wi th 
the polarizing microscope, of clear fragmen ts of the 
low silica (high index) conjugate glasses were as 
follows: 1.542 ± 0.002 and 1.540 ± 0.002 (250 C) 
for the glasses separ ated as liquids a t 9250 and 1,250 0 

0 , respectively. Ex trapolations from figm e 10 show
ing the indices of refraction of the qu enched glasses 
indica te that a decrease in index of refraction of 
0.002 corresponds to a decr ease in BaO conten t of 
abou t 2 percen t. :M easuremen ts of the high silica 
conjugate glasses were more difficul t and less exact, 
bu t the index of refraction of the glass separated at 
1,250 0 0 was defmi tely higher (between 1.45 and 
1.46) than the glass separated at 9250 0 (just under 
1.45). It seems, therefore, from these data that the 
two-liquid area decreases in exten t wi th increasing 
temperature. 

A few preliminary exp eriments were performed 
using the high-temperature cen trifuge developed by 
T. F. Newkirk and Fred Ordway 4 [33]. Much bet ter 
separations than by gravity were obtained, and this 
approach offers new promise in the study of liquid 
immiscibility. Their equipmen t, however, is sui t
abl e only for small samples, and micromethods of 
analysis would have to be applied . 

R ecent, studies on several selected compositions lo
cated near th e boundary of the BaO rich immiscible 
liquid have shown that it is possible to quench these 
compositions as t wo glasses at one tempera t ure and 
as one glass at some higher temperatufe, pres umably 
where complete miscibili ty is encountered . Work 
is in progress with the view of determining the shape 
of the immiscibility dome. 

4.5 Insofract diagram for quenched glasses 

Figure 10 shows an isofract diagram for the 
quenched glasses. It can be seen that barium oxide 

• Associated with t he P ortland Cement Association Fellowship at the .'rationa 
Bureau of Standards. 

J 



40 

WEIGHT PERCENT 

F LG l ' RE 10. Indices of 'fefmelion of qu enched glasses in the 
system BaO- B20 3- S i0 2• 

imparts the greatest change in r efractive index and 
that the in crease in refractive index for a given addi
tion of BaO becomes greater as the BaO corn el' is 
approached. Of particular interest is the convex 
nature of the isofracts, with the BaO vertex as a com
mon center of curvature. Thus, indices oJ glasses 
lying on a BaO isopleth will show a maximum at 
about the center of the isopleth. These findings 
agree with those of H amil ton and his coworkers [2], 
who have made a detailed and aCCLU'ate stud y of 
indices and densities of annealed glasses in th e sys
tem. Theil' index valu es are higher, in general , by a 
small but irregular amount from those of the present 

-- ~ --------

study, in which no attempt was made Lo r eli eyc Lhe 
int ernal str esscs and strains caused by qucnching. 

5. Summary 

The equilibrium diagram for the s.I'stem BaO
B203-~i02 was constructed from da ta, obtained essen
tially b y the quenching method, on 178 ternary com
positions. All the binary compound s showcd pri
mary fields in the ternal'.IT system . One new co m
pound , 3BaO· 3B20 3·2Si02, melting at 1,009 0 C ancl 
possessing an extremely flat primary field was founel , 
and its optical and X-ray properties describcd. Table 
7 lists the compositions and liquidus temp eratUl'cs 
of the ternary invariant points together with the 
crystalline phases in equilibrium with liq uid . 

The BaO·4B20 a and Si02 primary phase ar eas 
include almos t 70 percen t of the diagram , and over 
th ese areas exists a large r egion of two-liq uid immisc i
bility. On th e basis 01 rotation of a tic line in the 
immiscibility r egion at two tern peratUl'es ancl of it 

change in index of r efraction of th e conjugate glasses 
at the two temperatures, it was conclu ded that the im
miscibility gap dCCl'eases with increasing temperaturc . 

Applying the meLhod of eutectic matrix compound 
composition showed that, 2BaO·3~i02 is pl'obabl.l- a 
compound and not merely a par ticular composition, 
even though the exact nature and extent of thc 
2BaO·3Si02 solid-solu tion fi.eld co uld not be asccr
tained. The solid-solution r egion between 2BaO· 
3Si02 and BaO·2Si02 extends into the interior of the 
diagram and was found to be complex. 

An isofract diagram for thc qu enched glasses sho\\'s 
that barium oxide exerts the greatest influ encc on 
increase of r efractive ind ex. The isofracts lie n early 
parallel to the borosilicate bina ry. 

A self-adjusting, bridge-t'ype controller s uitable for 
precise temperature control of a qu enching furnace 
was described briefl y . 

TA BI, I'; 7. Ternary invariant point. in the system BaO-R,Oa-SiO, 

Composition b 

P hases in cQuil ibrium with olle liquid 
BaO 

Point a Tcmp0r-
Approx- aturc 

SiOl! imaLc 

Type 

limits 
-----·--- ·-- ---------- --------1---------------------I 

A ____ . _ _ BaO·2B,03,BaO·4 B, 0 3,SiO, ___ __ __ _ _ __ ______ ___ _ ____ ___ _ _ __ _ _ _ __ ___ __ __ _ __ __ _ _ Eutectic __ _ % % % % °C 
38.7 53.8 7.5 ± 0.3 810 ± IO 

13 _. __ _ _ BaO· B,0 3, BaO·2B,03,3BaO·3B,0 3·2SiO , _____ ________ ________________ ______________ do __ ____ _ 54.2 44 .0 1.8 ± .3 875 ± 5 C ______ 3BaO· B, 0 3, BaO·B,0 3, BoO·Si02 ____ _______________ _______ ___ _____________ _________ do __ ____ _ 77. 4 19.0 3. (i ±. 3 875 ± 5 
1) _____ _ B aO·B ,0 3. BaO·S iO,,2BaO·3SiO, __ _____ ____ _____ : ________ __________________________ do ______ _ 68.0 18.(; 13. 4 ±.3 920 ± IO 1, ____ . __ 3BaO·3B,03·2SiO" BaO·2SiO"SiO, _____ ____________ ________ ________________ ________ do ______ _ 51. 8 21. 2 27. 0 ± 1.0 950 ± 20 

F ._____ _ 3BaO·3B,03·2S iO" BaO·2B,03, SiO , ____ ___ __ _ __ ____ __ _ ___ ______ ____ __ _ ___ ____ __ Reaction ___ _ 43.4 45.4. 11. 2 ± 1. 0 825 ± LO 
G . _____ 3BaO·3B,03·2SiO" BaO·2SiO,,2BaO ·3S iO, _________________________ _________________ do ______ _ 60.2 18.4 21. 4 ±. 5 980 ±5 
E£. _ __ BaO·B,0 3,BaO ·SiO ,,2BaO·3SiO, _________________________________________________ __ do ______ _ 67.5 18.5 14.0 ± .3 925 ± 10 r _ _ _ ____ 3BaO ·B, 0 3,BaO·SiO,,2BaO·SiO, _______ ______________ ______________________________ do ______ _ 78. 3 17. 3 4.4 ±. 6 962 ± LO J _ _ _ _ _ __ BaO,3BaO ·B, 0 3,2BaO·SiO, __ ________ _____________________________________ _______ __ do ______ _ 87 12 I o ? < L.370 

1'v[ d . __ BaO·4B zOa,Bz0 3, SiOz ___ ___ _____ ____ _______________________________ _____ ______ Eutrctic ____ " < 2 > 30 < 30 c '? < 450 

P hases in equilibrium with two liqu ids (E: , L) I 

1 
K_ _ _ _ _ _ BaO ·4 B, 0 3,SiO, ___ _______ ____________ __ ______________ ___ . _ __ _ __ ____ _____ _ ___ __ (.) 
L_______ B.O·4B,03, SiO, __ ______ _____ . _ __ __ _ _ __ ___ _____ _ _____ ____ ___ ____ _____ _ _ ___ _ _ _ __ (.) 

37.4 54.6 8.0 ± 1.0 I-- ~:~- ~ :~ --1 40 59 e '! 

a. Fi gures 6 and 7. 
b DCLCr mincd by extrapolation of established boundary cur ves to intcrsec

iion; values gh-cn in weight percent. 

c Because exact location of one or more bound aries not determined. 
d Postu lated [2 LJ. 
e Quintu ple line joins co mpos itions of liquids K and L. 
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