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Study of the System Barium Oxide-Aluminum 
Oxide-Water at 300 C 

By Elmer T. Carlson, Thomas J. Chaconas, and Lansing S. Wells 

A s tudy has been made of the a ction of water and of barium hydroxide solutions 
on t he fo llowing co mpounds : BaO.AI20 3, 3BaO.AI20 3, Ba O.Ah03.H, O, BaO.AI,0 3.2H,O, 
BaO.AIz03.4H,O, BaO.Al,0 3. 7H, O, 7BaO.6AI,0 3.36H, O, 2BaO.AI, 0 3.5I-I , O, an d AI, 0 3.3H20 . 
From t his, together with a s tudy of precipitation from supersat urated barium aluminate 
solutions, a diagram of phase equilibr ia (stabl e and m etastable) at 30° C has been drawn . 
All t he barium alumi nates are hydl'Oly zed by water. The stable solid phases in the system 
Ba O-AJ, 0 3-H, O at 30° Care AI,0 3.3H,O (gibbsite), Ba (OI-I)~ .8H,O, and , over a narrow 
range, probably 2Ba O.AI,0 3.5H,O. \Vith t he exception of t he two lowest hydrates, all 
t he hydrated bariuITl a luminates possess a range of metastable solubility. 

I. Introduction 

AJthough the calcium aluminates, because of their 
relationship to hydraulic cemen ts , have been the 
subj ect of numerous inve tigations here and elsewhere 
dming recen t years, the barium aluminates have been 
somewhat neglected. The latter, at presen t, arc of 
limited practical importance. They have been used 
to some exten t in water softening (1),1 and they may 
be formed as intermediate products in the conversion 
of barium minerals to other compounds [2 , 3]. It 
has been shown [4] that BaO.Al20 a possesses binding 
properties. Hunt and T emin [5] reported some ex­
periments wi th barium aluminate relative to its 
suitability as a wall plaster for protection against 
X-rays , but no details as to preparation or composi­
bon of the aluminate were given . Attempts have 
also been made to prepare barium cemen t , analogous 
to portland cement, by substituting barium carbon­
ate, in whole or in part, for calcium carbonate in the 
raw mix. It has recently been reported by Gallo 
[17] and by Braniski [19] that such substitution is 
feasible, and that the resulting cement is particularly 
resistant to sea water and to sulfate waters. 

The pUl'pose of the present investigation was t·w-o­
fold. First, to study the hydration of the barium 
aluminates ; and second, to discover what analogies, 
if any, exist bet ... veen the aluminates of barium and 
those of calcium, in the hope that this might aid in 
clarifying some aspects of the hydration of the cal­
cium aluminates that are not completely tmderstood . 

A number of anhydrous barium aluminates are 
reported in the Ii tera tme, but only thl'ee may be 
considered definitely established, namely, 3BaO.AJ20 3, 

BaO.Al20 a, and BaO.6Al20 a [6 , 7, 8, 9] . The last is 
believed to be analogous to iJ-alumina [10, 11], and 
its exact composition appears to be somewhat in 
doubt [8]. It ·was not included in the present study . 

The various barium alumina Le hydrates have been 
described in a previous paper [12] . Jo evidence of 
any hydrate more basic than 2BaO.AJ20 a.5H20 was 
found in the present s tudy, although Beckmann [1 3] 
and Maekawa [14, 15] havc reported the preparation 
of a tribarium alumin aLe hydrate. Neither optical 

1 Figures in brackets indicate the l ilerature references at end of this paper. 

properties nor X-ray diffraction data, however, 'were 
given . JV[alquori [16] has published a phase equi­
librium diagram of the system BaO-Al20 a-HzO at 
20° C. 

Th e presen t inves tigation includes a s tudy of the 
action of water and of barium hydroxide solution 
on t he various aluminates and a diagram of phase 
equilibria in the sys tem at 30° C. 

II. Preparation of Compounds 

1. Raw Materials 

The alumina used in the preparation of the various 
aluminates was a commercial preparaLion of gibbsi te 
(Alz0 3.3H 20 ) u ed in the manufacture of glass. It 
contained about 0.30 percent of N a20; other impuri­
ties were negligible. Barium \vas obtained in the 
form of the carbonate, the hydroxide, and (for a fe ,v 
experiments) the ni tra te. These were reagent qual­
ity chemicals meeting ACS standards. 

2. BaO.A120 a 

Barium carbonate and gibbsi te were blended in the 
correct proportions, made up to a thin paste with 
water containing a few drops of a dispersing agent, 
and thoroughly mixed. The paste was then dried 
and heated in a platinum dish at 1,400° C for 1 hI'. 
The product was shown by p etrographic examination 
and X-ray diffraction analysis to be essen tially 
monobarium aluminate (BaO.A120 3). Treatment 
with hydrochloric acid left a residue amounting to 
0.7 percent, probably consisting of corundum . At­
tempts to improve the product by grinding and 
reheating were unsuccessful. Lo',~er burning tem­
peratures were found to be unsatIsfactory; for ex­
ample, a batch h eated for 1 hI' at 1,300° had an 
insoluble residuc of 8.5 percent. 

Tribarium alumi.nate was prepared in the manner 
described above for mono barium aluminate, Ivith the 
appropriate change in proportion of raw materials. 
The mixLure was h ea ted in a refractory crucible, as 
mqJerience showed that platinum was strongly 
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attacked. A temperature of 1,300° was found to 
be adequate to reduce the insoluble residue to 0.1 
percent. For some of the tests, the product was 
subsequently fused in an oxygen blast. 

4 . BaO.Alz0 3.HzO 

The compound to which the formula BaO.Al20v 
H 20 is assigned was prepared hydrothermally. 
Gibbsite and barium hydroxide were mixed in the 
required proportion, with added water, and placed 
in platinum dishes that were then stacked in a bomb­
type autoclave and heated in an oven at about 260° C 
for 7 days. The product in each of the dishes con­
sisted of a hard crust of the desired hydrate sur­
rounding a core of softer material. The latter was 
shown by X-ray analysis to consist of boehmite 
(Al20 3.H20). Despite this evidence of the presence 
of excess alumina, the molar ratio of BaO to Al20 3 

in the aluminate ranged from l.10 to l.14, in agree­
ment with the findings previously published [12]. 
It appears likely that the actual formula should be 
8BaO.7A120 3.7H20 or 9BaO.8Al20 3.8H20 , but it 
would be impossible to establish either formula on 
the basis of present data. All preparations of this 
hydrate, regardless of changes in raw materials and 
in conditions of heating, have been more or less con­
t.aminated with minute inclusions of some unknown 
material in the crystals. 

5. BaO.Alz0 3.2H20 

Monobarium aluminate dihydrate, BaO.A120v 
2H20, was prepared by the method described above 
for BaO.Al20 3.H 20, except that the temperature was 
held at about 215° 0, and the duration of heating 
was 4 days. The product consisted of well-formed 
crystals, ranging up to 3 mm in size. Apparently 
there was a small amount of uncombined alumina, 
as the molar ratio, BaO:Alz0 3 :H20 , was found to be 
0.95:1 :l.95, and a slight turbidity remained when 
the crystals were dissolved in hydrochloric acid. 

Several small batches of monobarium aluminate 
tetrahydrate, BaO.Al20 3.4H20 , prepared by various 
means, were used in the solubility studies. Some 
were prepared by allowing BaO.AI20 3.7H20 to stand, 
in contact with barium aluminate solution, for 
several months at 30° O. The usual procedure, 
however, was to raise the temperature to 50° 0, 
whereby the transition period was shortened to a 
few days. In all cases, the analysis of the products 
was very close to the theoretical. 

7 . BaO.A120 3.7HzO and 7BaO.6Al20 3.36H20 

Monobarium aluminate heptahydrate (BaO.­
Alz0 3.7H20 ) and the compound 7BaO.6Al20 3.36H20 
are close together in composition but quite dissimilar 
in optical properties. In a previous publication 
[12], the latter compound was designated 1.1BaO.­
AlzOa.6H20 . They were prepared by precipitation 

from supersaturated solutions. These solutions were 
prepared in various ways, the most satisfactory being 
agitation of anhydrous BaO.A120 3 ',:"ith Ba(OH!2 
solution for 1 hI', followed by filtratIOn . By thIS 
method, solutions containing as high as 35 g of 
Al20 a per liter were obtained. Solutions of lower 
concentration were prepared somewhat more con­
veniently by the action of boiling barium Iw.droxide 
solution on gibbsite. Best results were obtamed by 
using 75 g of gibbsite, 125 g of Ba (OH) z.8HzO, and 1 
liter of water, boiling for 1 ~ hrs, filtering at once, 
and allowing to cool. Ooncentrations ranging from 
11 to nearly 19 g of Al20 a per liter were obtained by 
this method. 

The course of precipitation varied somewhat with 
concentration. From highly concentrated solutions, 
7BaO.6AlzOa.36HzO began to separate almost at 
once, while from more dilute solutions the start of 
precipitation was sometimes delayed several days. 
After a period ranging from a few days to 4 mos, the 
solid phase undenvent a transformation to BaO.­
Al20 a.7H20, probably by means of re-solution and 
reprecipitation, as no intermediate forms were 
observed. This phase change occurred when the 
concentration of alumina had been lowered to a 
rather poorly established range indicated by the 
dotted line in figure 10. 7BaO.6Alz03.36H20 ap­
pears to be progressively more stable as the BaO 
concentration is increased. Solutions having initial 
concentrations below or only slightly above the 
dotted line in figure 10 yielded BaO.Al20 a.7H20 as 
the primary crystalline phase. 

Oonsiderable work was done in an effort to estab­
lish the composition of these hydrates. In the case 
of BaO.Al20 a.7HzO, analysis of numerous prepara­
tions gave values ranging from 6 to 7 moles of H20 
per mole of AlzOa. The !ollowing exper~ment 
throws some light on the questIOn. A preparatIOn of 
the hydrate was filtered, washed lightly witJ:. water, 
and divided into two portions, one of wInch was 
stored in a desiccator over calcium chloride, the 
other over a saturated solution of ammonium 
chloride (relative humidity about 79%). After 11 
days, both samples had reached co~stant weight. 
The molar ratio H20 :Al20 a 'was 6.25 III the sample 
dried over calcium chloride, 6.96 in the one dried at 
the higher humidity. It is inferred that the formu~a 
is BaO.Al20 a.7H20 , and that 1 molecule of water IS 
so loosely bound that it is easily given off in dry air. 
The hydrate is completelybrokendo:Vll at 120 ~ C [12] . 

In the case of the hydrate preVIOusly deSIgnated 
l.lBaO.Al20 a.6H20[12], the chief uncertainty is in 
the ratio of BaO to Al20 a• Analysis of numerous 
preparations gave ratios ranging from 1.12 to 1.16, 
with no apparent trend toward higher values f~oI? 
solutions richer in BaO (as would be the case If It 
were a question of solid solution). On the basis 
of these analyses the formula 7BaO.6Al20 a.36H20 
has been tentatively assigned to this compound. 

8. 2BaO.Al20 a.5HzO 

The most basic of the barium aluminate hydrates 
found in this study is 2BaO.Alz0 3.5H20. Several 
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mall batchcs of this were prepared by boiling a 
mixture of gibbsite and barillm hydroxide sollltion 
until crystallization commenced, then filtering the 
solution and concentrating the filtrate by further 
boiling. The compound separated out in coarsely 
crystalline form and was readily washed by decanta­
tion. In all cases the analyses were close to the 
theoretical composition. Attemp ts to prepare a 
more basic hydrate were unsuccessful. 

III. Reactions with Water and with Barium 
Hydroxide Solutions 

1. General Procedure 

Preliminary experiments were performed to ascer­
tain the quantities of t he various compounds that 
might b e expect ed to go into solution. A moderate 
excess of solid material was then used in subsequent 
experiments. The compound being studied was 
ground, if necessary, to 100-mesh or finer , and 
placed in an Erlenmeyer flask of appropriate size, 
and the flask was then nearly filled with water or 
with barium hydroxide solution of the de ired 
strength. The flask was then tightly toppered, 
shaken frequently until thero was no longer any 
danger of "setting" , and then stored in a cabinet 
maintained at 300 C . The cabinet \ova equipped 
with a recording thermometer . No provision was 
made for cooling the air, so that in summer the tem­
perature regularly exceeded 300 C. This deviation 
did not materially affect t he experiments described 
below but of course could not be tolerated for t he 
equilibrium determinations described in section III, 
11. Consequently, the latter tests were made during 
cooler weather. The normal fluctuation in tempera­
ture of the air in the cabinet was about ± 0.20 C, 
but it was undoubtedly much less wi thin the flasks. 

The flasks were shaken at interval . From time 
to time, samples of the clear liquid (5 or 10 ml) were 
pipetted out and analyzed for A120 3 and BaO by 
standard analytical methods. Alumina was pre­
cipitated by ammonium hydroxide, BaO by sulfuric 
acid. At the same time, in most cases, a drop of the 
liquid containing particles of t he solid phasc or 
phases present was removed b y means of a small 
pipette, placed on a slide, and examined under t he 
microscope. In this way, phase changes were readily 
detected. 

In experiments dealing with the anhydrous alumi­
nates the reactions were very rapid at fiTst, and the 
intervals between samplings were too brief to permit 
clarification by se ttling. It was therefore necessary 
to filter off portions of th e solutions for analysis. 
The liquid was fil tered through a fritt ed glass crucible 
by means of suction and caugh t in a small test tube 
inside the filter flask. In this way, the olution was 
exposed to the air only very briefly, and carbonation 
was negligible. 

In th e tables that follow, it will be noted that the 
values for BaO are given to the nearest tenth of 1 
percent, although those for Al20 3 are carried to 
hundredths. In the m ajority of cases thi result 

in three significant figures , which is believed to be 
t he limit of precision in sampling with a 10-ml 
pipette. Initial concentration values enclosed in 
parentheses were calculated from mixing proportions, 
rather than determined by analysis. 

2. BaO.A120 a 

The results of a series of experiments with mono­
barium aluminate (BaO.Al20 3) are given in table 1 
and fig ure 1. E xperiments 1-1 , 1-2, and 1-3 were 
designed to show the action of water on the alumi­
nate. To avoid confusion, 1-1 and 1-3 are not in­
cluded in figllre 1. In experiment 1-1 , table 1, 15 g 
of the ch'y aluminate was shaken with 300 ml of 
water. The data show that it dissolved rather 
rapidly, attaining a concentration of 17.40 g of 
Al20 a per liter a t 1 hr. This is equivalent to roughly 
85 percent of t he material originally present. Pre­
cipitation of amorphous hydrated alumina was ap­
preciable at 1 hI', slightly greater at 1 day, and very 
pronounced at 3 days, as hown by the sharp drop 
in Al20 3 concentration, while the BaO remained 
practically con tanto 
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FrGUHE 1. Solubility of BaO.A120 a i n water and in barium 
hydroxide solutions at 30° C. 

For the re t of the experiments, the proportion of 
the anhych'ous aluminate was increased to 25 or 30 
g/300 nil of water (or solution) . In No. 1-2, maxi­
mum concentration was reached in 1 hr. The 
ascending curve in figure 1 has a slope corresponding 
closely to a molar BaO:Alz0 3 ratio of 1:1, and reaches 
a point in excess of 36 g of Al20 3 per liter. Examina­
tion of the table shows that not one but three separate 
maxima were found, at 1,2, and 6 hours, respectively. 
For the sake of clarity ome of th ese points are 
omitted from the graph in figUl'e 1. The concentra­
tion fluctuated up and down, very close to the 1: 1 
ratio line, during this period. B y way of eOllfirma-
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TABLE 1. Solubaity (If BaO.AJ,03 in water and in barium 
hydl'oxide solut ion~ at 30° C 

Concentration of 
solu tion 

Time 

A1' O'F 

Solid phases present 

0 _________ _ 
1 hr ______ __ 
4 hr. ______ _ 
1 day ____ _ 
3 days ____ _ 
14 days __ __ 
1 mo . _____ _ 
3 mo ______ _ 

0 .. ________ 1 
20 min _____ 
40 min _____ 
60 min _____ 
80milL ____ 
2 h '-- ______ 
3 hr ________ 
4 hl' ________ 
6 hr ________ 
1 day ______ 
2 days _____ 
8 days _____ 
1 mo _______ 
2 mo _______ 
4 mo _______ 

0 __________ 
40 min _____ 
50 min _____ 
60 min _____ 
70 min _____ 
SO min _____ 
90 min _____ 
100 min ____ 
2 hL ______ 
3 hr ________ 
7 hr ________ 
1 day .. ____ 
7 days _____ 
1 ruo _______ 
4 rno _______ 

0 __________ 
15 min _____ 
30 min _____ 
45min _____ 
60 min _____ 
75 min _____ 
90 min _____ 
105 min ____ 
120 milL __ 
150 m in . ___ 
190 min ____ 
280 min ____ 
330 min ____ 
390 min ____ 
450 min ____ 
1 day ______ 
4 d ays _____ 
S days _____ 
19 days ____ 
I mo _______ 
2 mo _______ 
3 mo _____ 

g/liler 
o 

17. 40 
17.65 
17.40 

7.30 
4.25 
3. SO 
3.40 

0 
IS. SO 
31. 12 
36.30 
26.62 
30.00 
2S.22 
27.10 
27.7S 
23.70 

S. 02 
7.30 
7. 00 
7. 10 
5.70 

0 
25.90 
27. 90 
26.70 
30. S2 
29. 54 
30. 62 
29.38 
2S.34 
30. 70 
2S.36 
16.76 
7.20 
7. 00 
6. 10 

0 
15. 50 
26. 70 
33.30 
35. 46 
36.80 
37. 50 
37.60 
36.90 
38.20 
35. 96 
33.50 
33. 70 
30. 10 
20. SO 
10. SO 
8.05 
8.00 
7. 78 
7.75 
7.65 
7.85 

0 _________ 0 
15min_____ 16.50 
30 min _____ 26. 40 
1 hr________ 24.50 
2 hr________ 15. SO 
4 hr. _______ 14.30 
3 days _____ 11. 50 
10 days__ __ 6.30 
1 010 _______ 3.95 

• )Jot plotted in fi gure 1. 

o/liler 
o 

26.5 
27. 5 
27. S 
2S.0 
27.9 
2S. 0 
28.2 

0 
29.0 
47.3 
54.4 
41.0 
46. 7 
44 . 2 
42.5 
43.7 
41.1 
29. 2 
32. S 
41.3 
45.1 
45. 1 

Experiment 1-1 a 

BaO .AhO, . 
BaO.AJ,O,+hyd. A hO, . 

H yd. AbO,. 
Do. 
Do. 
Do. 
Do. 

E xperiment 1-2 

B aO.AhO, 
B aO.AhO, + hyd. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Al, O, . 

Hyd . AbO,+BaO.AbO, .7H,O . 
Do. 
Do. 
Do. 

H yd . AhO, . 

Experiment 1-3 II. 

0 
39.7 
43.0 
40. 6 
46.5 
44. 1 
45.5 
44.5 
43.2 
46. S 
45.2 
32.1 
32.5 
41. 3 
47. 9 

14. 7 
36. 9 
53. 4 
62.7 
65.7 
66.9 
67.9 
67. 7 
67.0 
6S.9 
65.4 
63. 0 
62.S 
57. 3 
43.4 
3l. 9 
28. 2 
27.4 
26.8 
29.3 
45. 7 
57. 1 

(29.2) 
51. 7 
66. 2 
60. 0 
46.4 
44.0 
41. 2 
39.6 
35.3 

------

BaO.AbO,. 
Do. 
Do. 
Do. 
Do. 

BaO .AbO, + h yd : AbO, . 
Do. 
Do. 
Do. 
Do. 
Do. 

Hyd. AJ,O,+BaO.AbO, .7H,O. 
Do. 
Do. 

H yd . AhO,+BaO .AbO, .4H, O. 

E xperiment 1.4. 

B aO.AhO,. 
Do. 
D o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

B aO.AhO, +7BaO .6AbO, .36B ,O. 
Do. 
Do. 
Do. 

7BaO.6AhO, .36B , O. 
BaO.AhO,.7H, 0 . 

Do. 
Do . 
Do . 
Do . 
Do. 

BaO. AhO, . 7B, O+hyd . 

"Experiment 1-5 

BaO.AhO, . 

7B aO.6AhO,.36H, O. 
Do. 
Do. 
Do. 
Do. 

A l, O, . 

B aO. AhO, .4H,O+h yd. AhO, . 
Do. 

TABLE 1. Solubilily of BaO. A1 20 3 in waler and in barium 
hydroxide solut.ions at 30 ° C- Continued 

1 
O ~ _____ ___ . I 

15 min _____ 
30 min _____ 
1 h r. _______ 
2 h r. ______ _ 
4 h r _____ ___ 
3 d ays _____ 
10 days ____ 
Imo _______ 

0 
15 -m-ill~~~~~ 
30 min . ____ 
Ihr. _______ 
211r. _______ 
4 hl' ________ 
3 days _____ 
10 days ____ 
1 mo _______ 
2 rno _______ 
4 mo ___ __ ._ 
5 rno _______ 

Con centration of 
solu tion 

Solid ph ases present 

A I,O, Ba O 

E xperim en t 1·6 

giliter g/Iiter 
0 (43.9) BaO. AhO, . 

18. 84 70. ] 
26.4Q 77.3 7BaO.6A!,0,,36H,O. 
17. 90 64.3 
13. 10 55.5 7BaO.6A!'0, .36H ,O. 
12.50 55.9 
]0.86 56.2 7BaO.6AI,O, .36H,O+ BaO.AI,O, .4 B ,O . 
5.2.\ 52. 0 B aO. AhO, .4B,O . 
3.81 49.5 Do. 

Experiment 1·7 

0 (58.5) BaO.AI,O, . 
22.86 89.7 
23.00 85.3 7BaO.6AI,O, .36H ,O. 
15. 70 74.0 
11. 80 67.9 7BaO.6AJ,O, .36B ,O. 
11. 40 67.8 
10.34 71. 9 B aO. AhO, .4H,O+ 7BaO .6AI, O, .36H ,0. 
4.23 56.3 B aO.AhO, .4B,O + Ba(OH),.8B,O. 
2.85 53.8 Do. 
2. 77 52.5 
2.88 52.0 BaO.Ah03.4H,O . 
2. 75 52.3 Do. 

tion of this unexpected finding, the experiment was 
repeated, with samples taken at shorter intervals 
(experiment No. 1-3 in table 1). This t ime four 
maxima were found , at 50 , 70, and 90 min. , and 3 
hI', respectively, and again the concentration varied 
up and down along the 1: lline. Although the actual 
mechanism of this process could not be determined, 
a partial explanation may be advanced. When the 
anhydrous aluminate is agitated with water it dis­
solves rapidly at first , but the rate of solution de­
creases as the concentration rises and the amount of 
undissolved solid diminishes . Precipitation of a new 
solid phase , or phases, commences as soon as a suffi­
ciently high concentration has been r eached and 
proceeds a t an increasing rate for some time. Even­
tually the point is reached at which the two processes 
of solution and precipitation ar e equal. For some 
reason, in these experiments, they failed to remain 
in balance; instead, first one and then the other pre­
dominated. The fact that the concentration moved 
downward as well as upward along the 1: 1 ratio line 
suggests that the precipitating phase must have been 
BaO.Alz0 3 .7HzO. None of this phase was actually 
observed at this stage, but t he undissolved grains of 
BaO .A120 3 were seen to be coated wit h a thin layer 
of extremely fine birefringen t crystals, too small for 
identification. It is assumed that these wer e 
BaO .A120 3 .7H20 . The subsequent depar ture from 
t he 1: 1 line is reflected in an increase in th e proport ion 
of hydrated A120 3 in the precipitate . The sudden 
break in t he direction of high BaO indicates that 
some of the precipitated BaO.A120 3 .7H20 has been 
hydrolyzed, with precipitation of hydrated A1 20 3 . 

This process continued for 2 mo or longer until no 
BaO.A120 3 .7H20 remained. The final vertical por­
tion of the curve indicates th at Al20 3 was st ill coming 
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out of solut ion when the experiment was terminated . 
Experiments 1-4 to 1-7 in this series wer e designed 

to determine the act ion of barium hydroxide solu­
t ions on monobarium aluminate. By referring to 
the table and the figure it may be seen that the 
aluminate went into solution in the 1 :1 molar ratio 
in all cases, and that t he first new phase to be pre­
cipitated was 7BaO.6AlzOa.36H zO. This compound, 
because of its needle-like crystallin e h abit, formed a 
voluminous precipitate with the r esul t that the 
con tents of the flasks acquired a thick, mushy 
consistency. In their subsequen t behavior, these 
preparations differ ed. In experimen t 1-4, the pre­
cipitate was transformed to BaO.AlzOa.7H20 within 
1 day. This, in turn, showed evidence of hydrolysis 
after 3 mos. It may b e noted parenthetically, that 
in this experiment, as in 1-2, more than one maximum 
was observed, also that some of the points in the 
table have been omitted from the graph for the 
sake of clarity. In 1-5 and 1-6, the precipitate was 
transformed to BaO .Al~Oa.4H20 , withou t inter­
mediate formation of the h eptahydra,te . There is 
also evidence of a shift in concen tration of the 
solution in the direction of increasing BaO, corres­
ponding to the liberation of excess BaO as th e 
7 :6 :36 hydrate was converted to th e 1 :1 :4. Experi­
m ent 1-7 followed a similar course, but \vith the addi­
t ion of another precipitated phase, B a (OH)z,8H 20 , 
first no ted after 10 days. The cmve in this case 
shifts t oward the left, as would be expected . 

A close study of th e curves in figm e 1 r eveals 
that the ascending bran ch does no t indicate a molar 
ratio of exactly 1 :1, although it is very close to that 
value in the case of No. 1-2. The others becom e 
pl'ogre~sively steeper as we .go toward the high Baq 
SIde of the diagram, reachmg the BaO :AlzOa ratIO 
of 0.91:1 for No. 1-7 . This is due to the fact that 
the samples for analysis wer e measured volumetric­
ally , and th at no correction was made for the 
increase in volume of th e barium hydroxide solu tion 
r esulting from addition of the solid aluminate. Thi", 
increase was found to be of the right order of magni­
t ude to 'account for th e depar t ures from the theo­
r etical 1 :1 slope. 

The process of solu t ion to form a supersatLU'ated 
solution, followed by precipitation of a differen t 
solid phase, is characteristic of bindin~ agents, such 
as portland cemen t and gypsum plaster. Other 
investigators [4] have reported tha t monobarimn 
aluminate is capable of setting, and this fact was 
confirmed dLU'il1g the comse of th e present study. 
Some of the alwnina te was mixed with sufficien t 
water to make it workable, mold ed into a briquet, 
and allowed to tand in a moist closet. A modera te 
a mount of heat was evolved shortly after molding. 
After 5 lu', the briquet was firm enough to be 
r emoved from the mold. Afte r standing moist 
overn ight aDd . then b eing allowed to dry, the speci­
m en was quite hard, but did not have enough strength 
to permit an actual test to be made. The material 
expanded about 10 percent during set ting. The set 
product contained considerable isotropic material , 

probably hydrated alumina . X-ray analysis 2showecl 
the presence of a small amount of BaO .Al20 a.7H20 . 
These observations, together with the fact that the 
et material is readily attacked by water, make it 

appear unlikely that mono barium aluminate, in 
itself, would have any value as a cementitious 
material. 

3. 3BaO.Al20 a 

Tribarium aluminate, 3BaO.AlzOa, reacts violently 
with water with the evolution of considerable heat. 
The co urse of solution and precipita tion when 50 g 
of this compound was shaken with 300 ml of \va ter 
is sho,\·\rn in figme 2 and table 2. It may be seen 
that the maximum concen tra tion was reached in 4 
min . At this time, barium hydroxide (Ba (OH)z, 
8H 20 ) precipitated out, followed shortly by 
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. Fl r.URE 2. olubility oj 3BaO.Alz0 3 in wate?' at 300 C. 

7BaO .6A120 a.36H 20 , E ventually , the predominant 
solid phase was found to be 2BaO .Alz0 3.5H zO in a 
very fulcly divided form no t hi therto 0 bserved. 
These resul ts were con"firmed by two simil ar experi­
ments, in one of which the tribarium aluminate 
previously had been heated to the fusion poin t and 
regro und. The results differed in minor deta ils, but 
were in essen tial agreement. The fused maLerial 
reacted slightly less rapidly than did the anhy drous 
aluminate bmned at 1,300°. 

TABLE 2. Solubility oj 3BaO.AI20 3 in water at 300 C 

Time 

o _ ... _._._ 
1 min ._._._ 
4 film . _ __ _ _ 
S mio ____ _ _ 
1 hr._._._ ._ 
1 day .. . _._ 
1 mo .. _._ .. 
4 rno. _____ _ 

Con centrat ion 
of solution 

A "o~F 

ojliter 
o 

20.60 
21. 90 
20.04 
12. 60 
10.35 

3. 15 
3. 10 

oj liter 
o 

91. 3 
95.1 
91. 6 
66.4 
52. 2 
47. S 
47. 2 

Solid phases present 

3 IhO .A I,O, . 

3BaO.A]'O,+Ba( OH),.8D ,0. 

m aO .6AI,O,.35H ,O+ Ba(Oll),.8H ,0. 
7BaO .6AlzO , .36H ,O+ 2 BaO .AI,O, .5tI,O. 
2BaO .Ah03.5[I ,0 . 

2 X -ray difIracLion pat.terns rererred to in this paper were made by Barb::lra 
Sullinl.ll , of the Con st itu tion and lvlicrostructure Section of th is Bureau . 
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FIGURE 3. Solubility of BaO.AhOa.H20 in water and ir(bariurr(hyd1'Oxide solutions at 30° C. 

Inasmuch as the solution of this aluminate in water 
rapidly reaches a concentration at which barium 
hydroxide is precipitated, it appeared that little could 
be learned by studying its reaction with barium 
hydroxide solutions; hence no tests of this kind were 
made. 

The capacity of tribarium aluminate for absorbing 
moisture is illustrated by the following experiment. 
A 5-g sample of the freshly burned aluminate was 
placed in a crucible and confined over water in a 
covered glass jar at room temperature and weighed 
at intervals. In 6 days it took up moisture equiva­
lent to 13 moles of H20 per mole of 3BaO.AI20 a. 
From then on the increase in weight proceeded more 
slowly, but when the test was terminated at the end 
of 5 mo, the total water that had been taken up was 
equivalent to 43 moles of H20 per mole of 3BaO.­
Al20 a• This is considerably more than would be 
required to hydrolyze the compound completely to 
Ba(OHh.8H20 and Al20 a.3H 20. 

A series of three tests was made with BaO.AI20v 
H 20 , using pure water and half-saturated and 
saturated solutions of barium hydroxide. The re­
sults are given in table 3 and plotted in figure 3. 
Ten grams of the crystalline hydrate, ground to 
pass a No. 100 sieve, was added to 200 ml of solution. 
The rate of solution is seen to be relatively slow. 
After 5 days, the material in No. 3-1 had been con­
verted to hydrated alumina, and the others to 
7BaO.6Al20 a.36H20. Further phase changes oc­
curred on longer standing, as indicated in the table, 
and it may be assumed that if the mixtures had been 
kept still longer their behavior would have been 
essentially similar to that described below for solu­
tions of comparable concentrations. 

TABLE 3. Solubility of BaO.A120 3.H20 in water and barium 
hydroxide solutions at 30° C. 

Time 

Concentration of 
solution 

AhO,F 

Solid phases present 

Experiment 3-1 

glliter 0_ __________ 0 
5 hr.. ___ .. __ 3.85 
5 days______ 7.50 
13 days _____ 6.67 
24days _____ 4.85 
I mo________ 4.13 
2mo________ 3.60 
3mo________ 3.45 

g/liter 
o 
7.1 

22.5 
29. 3 
29.3 
29.3 
29.3 
29.3 

BaO.AhO,.R , O. 
BaO.AIoO,.R , O+ hyd . .'1.1,0,. 
Hydrated AbO,. 

Do. 
Do. 
Do. 
Do. 
Do. 

E xperimen t 3-2 

0_ _____ _____ 0 (23) BaO .AhO,.H, O. 

7BaO _6AhO,.36H,O. 
BaO .AbO, . 7H ,0_ 

5 h r.._______ 3. 27 28.8 
5days ______ 11.45 43.8 
13 days _____ 9.20 42.6 

Do. 24days_____ 7.75 40.3 
BaO .AhO, . 7H,O+ BaO .AhO,.4H, O_ 

Do. 
1 rno ____ ____ 7. 48 40.3 
2mo________ 7.30 39. 9 
3 mo________ 7. 30 41. 0 Do. 

0_ __________ 0 
5hr_________ 2.85 
5 days ______ 10.33 
13 days_ _ __ _ 10. 63 
24 days_ _ __ _ 7. 65 
I mo____ ____ 6. 01 
2rno________ 4. 40 
3 mo____ __ __ 3. 85 

Experiment 3-3 

(46) BaO.AhO,.H , O. 
51. 6 
65. 5 7BaO.6A]'O,.36H, O. 
66.2 7BaO.6A]'O,.36H,O+BaO.AhO,.4H, O. 
62. 7 BaO .AJ,O,.4H20 . 
60.1 Do. 
56.2 Do. 
M. 2 BaO.AbO,.4H20+byd • .'1.120, . 

5. BaO_A120 a.2H20 

A series of tln'ee experimen ts parallel to those 
described in the previous section was made with the 
dihydrate. The results are shown in table 4 and 
figure 4. Again _we find that the rate of solution 
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FWURE 4. Solubility of BaO.Ah03· 2H,O in water and in bU1'ium hydroxide solutions at 30° C. 

J was relatively slow, and that thc sample mixed 'with 
pUl'e water eventually p1"ecipitated hydrated alumina. 
Sample 4-2, howevcr, wcnt in to solution slowly and 
no new phase was observed until after 2 mo' had 
elapsed. f'hen the tetrahydrate appearcd, and 
gradually mcreased at the expense of the dihydrate. 

ample N?. 4-3 ' dissol.ved somewhat more rapidly, 
and the orlgmal materIal had all disappeared within 
1 mo, with precipitation of the tetrahydrate. A 
small amount of hydrated alumina was observed 
at the later ages in ex.'Pcriments 4-2 and 4-3 . 

TABLE 4. Solubility of BaO.Al,0 3.2H,O in water and in 
bari1!m hydroxide solutions at 30° C 

ConcentraiiOll 
of solutiou 

Time 

~:ho'F 
Solid phases present 

0 . ________ _ _ 
5 hr. ____ ___ _ 
5 days _____ _ 
13 days . ___ _ 
24 days. ___ _ 
I mo. __ . ___ _ 
2 1no _______ _ 
3 mo _______ _ 
4mo __ .. ____ _ 

ajliter 
o 
3.00 
3.05 
4. 58 
3.25 
2.75 
2.40 
2.40 
2.2S 

0_____ _____ _ 0 
5 br_. ______ . 3.05 
5 days_ ___ __ 4.45 
13 <lays_____ 6. 30 
24days _____ 7.40 
1 mo________ 7.75 
2 mo __ __ .. ___ 7. &5 
3 mo________ 7. CO 
4 mo __ ______ 4. 18 

0 __ .. ___ _____ 0 
5 Iu·_________ 3.43 
5days __ .___ 5.73 
13 days_ ____ 7. 58 
24 days_ ____ 7.25 
1 mo ____ ____ 6.32 
2mo________ 4.85 
3 m o ___ .____ 4.07 
4 mo________ 3.78 

Experiment 4-1 

ojliter 
o 
6.6 

]0.8 
20.1 
20.7 
20. g 
20.7 
20. 9 
20. 8 

BaO .AhO, .211,O. 
Do. 
1)0 

B aO.AhO,.2H,0+hyd . AhO,. 
Ilydrated AhO,. 

Do. 
Do. 
Do. 
Do. 

Experiment 4-2 

(23) BaO .AhO, .2H,0 . 
28.5 Do. 
30.8 Do. 
33.8 Do_ 
35.3 Do. 
35.9 Do. 
36.0 B aO.AhO,.2H,0+BaO.AhO,.4H,O. 
36.3 Do. 
33.9 BaO.AhO, .4II,O+hyd. AhO,. 

Experiment 4-3 

(46) B aO.AhO, .2H,0 . 
51. 7 Do. 
56. 1 Do. 
58.7 Do. 
58. 'I B.O.AIzO, .4H,0+BaO.A),O, .2H,0 . 
57. 1 BaO.AhO, .4H,O. 
54.9 BaO.AIzO,.4H,0+hyd. AhO,. 
53.9 Do. 
53.2 BaO.AhOa.4H,O+h yd _ AhO •. 

6. BaO.A120 3.4H20 

Preliminary experiments showed that 
B_aO . A1203 .4I~20, unlike the compounds previously 
dIscussed, eXlsts as a table or metastable phase in 
the system BaO-Al20 3-H20 at room temperatm-e_ 
A larger munber of mixtUl'es was therefore made in 
?J'der to ascertai~ the lo?ation. of the solubility cm:ve_ 
rhe results obtamc~l WIth thiS hydrate are given in 
table 5 and plotted Ul figme 5_ The rate of solution 
of this hyc~rate ~va~ relatively slow. The ample in 
contact WIth dlstllled water showecl evidence of 
hydrolysis at 1 clay, and hydrated alumina was 
observed after 2 days_ After about a month all of 
the ~aO was .in solution_ Precipitation of hy'drated 
alumma con tmued, accompanied by a drop in con­
centration of alumina in solution_ 

TABLE 5_ Solubility of BaO_AhO,.4H20 in water and in 
bU1'ium hydroxide solutions at 30° C 

"rime 

0 __ _________ 
1 day _______ 
2 d ays ______ 
5 days ______ 
12 days _____ 
19 days ____ _ 
26 days __ ___ 
40 days _____ 
2mo ________ 
3 mo ________ 
4 mo ________ 
b mo ________ 
7 mo ______ __ 

0 ____ _______ 
1 day _______ 
2 d ays ______ 
5 days ______ 
12 days _____ 
19 days _____ 
26 days _____ 
40 days _____ 
2mo ________ 
3 mo ________ 
4 mo ________ 
5 mo ________ 
7 mo ________ 
9mo ________ 

Concentration 
of solntion 

AhO, I BaO 

ojliter qlliter 
0 0 
1.05 2. 3 
1. 73 5. l 
2. 00 8.5 
2. 40 12. 4 
2.50 14.5 
2.48 15. 1 
2. 05 15.5 
1. 98 .15.5 
1.90 15.7 
1. 70 15. l 
1. 55 14.9 
1.40 14.6 

0 (7. 6) 
0. 30 8.3 
1.15 9.5 
1. 70 10.3 
2.73 11. 9 
3.00 12. 5 
3.03 12. 6 
2.8l 13. 5 
2.89 14 .5 
3. 00 17. 4 
2. 80 19. 4 
2. 70 21. 2 
2.60 23.4 
2.00 22. 9 

Solid phases present · 

Experiment 5-1 

BaO.AJ,O, .4H,O_ 
Do. 

Ba O.AhO, .4H,O+hyd. AhO,_ 
Do. 

BaO.AhO, .4H,O+byd AhO,. 
H yd. AhO ,. 

Do. 
Do. 
Do. 
Do _ 
Do. 

Experiment 5-2 

BaO.A1,O,.4H,O . 
Do. 
Do. 

BaO.AhO, .4H,O+byd. AhO,. 

BaO .AhO, .4H,O+byd_ AhO,. 
Do. 
Do_ 
Do. 
Do. 
Do. 
Do _ 

Hyd. A1,O,. 
Do. 
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loss of transparency gave evidence of the decom­
posit ion. After 7 rno none of the original crystalline 
material was observed. 

All of the other samples went into solution in a 
molar ratio of 1: 1 (BaO :Alz03) , attaining an ap­
parently stable condition of equilibrium. N evel'th e­
less, hydrated alumina appeared eventually in all the 
flasks, indicating progressive hydrolysis . As would 
be expected, this reaction occurred more rapidly in 
th e less basic solutions, but it was appar en t even in 
those in contact with solid barium hydroxide. This 
will be discussed fur ther in section III, 13. 

7. BaO.A120 3.7H20 

Although less stable than the tetrahydrate, the 
heptahydrate lasts long enough to permit a detcr­
mination of its metastable solubili ty , and numerous 
tests were made fot' this purpose. The results ob­
ta ined from some of these are given in table 6 and 
fi gure 6. In water (No.6-I ) this compound hy-

TABLE: 6. Solubility of BaO.AJ 20 a.7H20 in wate?' and in 
barium hydToxide solutions at 30°C 

Concent ration 
of Sl) iu tio n 

So lid phases prCfoicnt 

________ ~_"_\1_,O_3 I n __ ao __ ~ ________________________ ___ 
F.: xpcriment 6- 1 

gliiter ollila 
0 0 0 BaO.Ah03.711 , O. 
30 n;i l~ ~===== 1. 82 2.74 Do. 
2 hr ________ 2.80 4.14 Do. 
17 hr. _______ 2.60 (i. 37 BaO.Ah03./Il ,O+hyd . Ab0 3. 
2 days _____ 3.30 17.2 ll yd. Ab03. 
5 days ______ 2.31 17.3 Do. 
13 days _____ 1. 90 17. 1 Do. 
2 rno _______ I. 63 17.2 ])0. 
3 mo . ______ 1. 45 W.3 Do. 
6 mo ________ 1.30 15.7 Do. 

Experiment G-2 

0 0 9.7 BaO.Ab03.7I1 ,0. 

10 niin~===== 4.20 15.4 Do. 
1 day _______ 6.60 19.1 Do. 
2 days ______ 7. 10 19.5 Do. 
4 days ______ 7.46 19.8 Do. 
7 days ______ 7.42 20.2 

I 
16 days _____ 7.00 27.3 llyd. Ah03. 
1 mo ________ 3.60 27.6 Do . 
2 mo ________ 2.85 27.8 1)0. 
3 rno ________ 2.55 27.4 Do. 
4 mo . ______ 2.45 27.8 Do. 
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TAB f.E: 6. Solubility of BaO.Al,Oa. 7fT ,O in wale?' and i n 
barium hydroxide solutions at 30°C-Con t in ued 

Ti me 

o ______ __ 
10 mi n . ___ _ 
1 hr __ .. ___ 
I day _____ __ 
4 days .. __ __ 
13 days ____ _ 
1 rno ______ _ 
2 !TIO ______ _ 
3 mo. __ ._, __ _ 
4 mo _____ __ 

0 
15 ~11i;;~~~::: 
I day _______ 
2 days .. ____ 
6 days ______ 
15 days _____ 
2010 . ______ 
3 mo __ ---

0 ___________ 
10 min _____ 
1 hr ________ 
1 day _______ 
6 d ays ______ 
15 clays _____ 
1010 . _____ ._ 
3 mo _______ 

0 _________ __ 
5 days ____ __ 
J mo _____ _ 
2 mo. _____ _ 
3 mo . _____ _ 
4 mo _______ _ 
5 mo. ______ _ 
6 111 0 ______ _ 

0 _________ __ 
I hr ______ __ 
I day _____ __ 
6 c1ays _____ _ 
15 days ____ _ 
1 mo. _____ _ 
4 mo. _____ _ 

Concentration 
of so lution 

AbO , I BaO 

Solid phases prese nt 

Experiment 6-3 

gl! iter 
o 
5. 15 
5. i5 
0. 80 
7.00 
7. 15 
7. 16 
7.05 
3.70 
3.27 

fJ llitpr 
18.5 
25. 4 
26.1 
27.5 
27.4 
23.3 
27 .8 
29. fi 
33. 0 
33.0 

BaO. AhO,.7H,O. 
Do. 
Ilo. 
Do . 
Do. 

BaO.AhO ,.7H,O+ h yd. AhO ,. 

llyd. AhO,. 
Do . 

Experiment 6-4 

0 25.3 BaO.AI,03. 71I, O. 
2.70 28.3 
4.35 30.2 
6.65 33.6 
6. 70 33.5 
7. 45 34.5 BaO.AI,O,.7I1 ,O+hyd. AI,O, . 
7. 2S 34.5 Do. 
7.25 34. 3 BaO. A hO , .7IT,0+hyd. Ah03+ BaO. 

AhO, .411,0 . 

'Experiment 6-5 

0 
5.64 
6.42 
7.45 
7.55 
7.35 
7.70 
7. 20 

o 
6.70 
7. 10 
7.30 
7. 14 
7.00 
7.00 
7. 08 

32.3 
3D.2 
40. D 
41. 6 
41. 3 
'II. 2 
41. 5 
4lo 6 

(40.0) 
49.7 
50. 1 
50.5 
50.5 
50.2 
50.3 
50.2 

BaO. AhO ,.711 ,O. 
1)0 . 
Do . 
Do . 
Do. 

BaO. AhO, .7H , O. 
BaO.AhO,.71'1,O+BaO. AhO,. 41I,O . 

Experi ment 6-6 

BaO. AhO ,.7JJ ,O. 
Do. 
1)0 . 
1)0 . 
\)0 . 
Do. 
Do. 
Do. 

Experimen t. 6-7 

o '17. 1 
4. 35 52. 0 
4.86 52.7 
7.22 M.l 
7. 75 55. 1 
7.60 55.4 
7. 60 54.5 

B aO.AJ,03.711, O. 
D o. 
D o. 
Do. 
D o. 
D o. 
Do. 

BAO IN SOLUTION , GIL 

FIG U RE 6. Solubility oj BaO.AI,O,. 7H20 in water and in ba1'ium hydroxide solutions at 30° C • 
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drolyzed rapid ly , with precipitat ion of hydrated 
alumina. The approximately horizontal portion of 
the curve indicates that solution and precipitation 
proceeded simultaneously until the hydrate was 
exhausted . 

In experim en t 6-2, the least basic of the barium 
hydroxide solu tions used , hydrolysis was no t appar­
ent until after 7 days. The concentration, mean­
while, had remained approximately constant for 
several days, and this concen tra tion was t aken as 
the metastable solubility of BaO.AI20 g.7H20 a t this 
point . Th e subsequ ent b ehavior of th e mixture was 
similar to that of 6-1. E xperiment 6-3 followed the 
pattern of 6-2, excep t that the hydrolysis in this 
case did no t proceed rapidly until after 2 mo . All 
t he mixtures in th e more basic region reached a 
condit ion of equilibrium that persisted until the 
experimen t was termin ated. I t will b e shown below, 
however , that this equilibrium is actually m etastable, 
and that BaO.A}zOg.7H20 is no t the final reaction 
product. 

The r es ults of experim en ts with 7BaO.6A120 g.36H20 
are given in table 7 and fi gure 7. In general, this 
compound beh aves much as does the h ep tahy dra te, 
but it is more soluble and considerably less stable. 
In experiment 7-1, the hydrate dissolved almost 
completely in water within 10 min, with simultaneous 
precipitation of amorpho us hydra ted alumina. The 
la t ter process continued at a diminishing rate, and 
equilibrium was no t reached even after sever al 
months . In 7-2 th e hy drolysis was much slower , 
and some of the original hydrate was still presen t 
after 4 days. At 8 days, however , th e r emainder of 
the hy drate was found to h ave been tr ansformed 
into BaO.AlzOg.7HzO. T h e latter phase soon dis­
appeared, and for some t ime the precipitation of 
alumina continued, as evidenced by th e ver tical 
portion of th e curve. At 3 mo. , BaO.Al20 a.4H20 
was ,fir st observed as a solid phase, and there is an 
accompanying break: in the curve toward th e left. 

T A B LE 7. S olubility of 7BaO.6Ab03.36H20 in water and in 
barium hydroxide solutions at 30° C 

Concentra tion of 
solut ion 

'I'irne Solid ph ases present 

AhO, I BaO 

o .. ~~~~ ... ~. 
10 min ~ .... . 
2 h r. ~ ..... . 
1 day~ ..... . 
2 days ..... . 
9 days ..... ~ 
19 d ays .... ~ 
1 rno. ______ _ 
2 mo ....... . 
3mo ....... . 
4 mo. ______ _ 
5 mo _______ _ 
7mo _____ __ _ 

glliter 
o 
8. SO 
9.30 
9.30 
6.60 
3.80 
3.00 
2.75 
2.43 
2.35 
2.20 
1. 95 
1. 95 

O~ _ .. ~.. . . .. 0 
13 m in ..... . 9.40 
2 hr ........ 11. 40 
1 day .. . .... 11.80 
4 d ays...... 10.86 
8 days...... 9. 00 
IS days..... 6.60 
I mo._______ 5.40 
2 mo ....... 4.35 
3 mo........ 3.75 
4 m o........ 3.55 
5 mo._______ 3.30 
7 1l10 .. ~..... 3.00 

0.... ....... 0 
10 m in . ..... G.34 
1 hr ......... S.90 
I day....... 12. 10 
2 days...... 12.20 
5days ...... 12.00 
14 days.. ... 7.93 
I mo~ .~ .... . 7.05 
2mo........ 6.75 
3 mo........ 5.00 
4 m o........ 4.:10 
6 mo._______ 3. 95 

Experimen t 7-1 

g/l iter 
o 

16.6 
17.5 
19.4 
19.4 
19.4 
19. 1 
19.0 
IS.6 
18.6 
18.8 
18.5 
1S. 4 

7BaO.M J,O, .30H,0. 
7BaO.6AhO, .3GH,O+hyd. AhO,. 
H yc!. AhO, . 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

7.8 7BaO .6AhO, .36H, O. 
24.7 

7BaO.6A]'O, .3GH,O+hyd. AhO ,. 
29.5 Do. 
29.6 Do. 
29.8 BaO.AJ,03.7H, O+ byd. Al,O,. 
29.4 H yc!. AJ,O,. 
29.5 Do. 
2S .. 5 · Do. 
28.0 Hyd. Al,O,+BaO.AJ,O, .4H, O (t race) . 
29. 1 Do. 
29.0 Do. 
2S.8 Hyc! . .111,0,. 

Experiment 7·3 

15.2 7TIaO .GA]'O, .36U , 0. 
25. 7 Do. 
29. 2 Do. 
34.3 Do. 
35. 2 Do. 
36. ; 
34.4 BaO.A]'O,.7H,0+hyc1. AI,O,. 
36.6 Do. 
4!. 8 Hyc!. AhO,+BaO.A)'O, .4H, O (trace) . 
42.3 Do. 
42. 1 Do. 
41. 7 Do. 

1:;r,--,-,--,--,--r-r-,--,-,-rrT"-,--.-,----,-,-,-,--,-,--,r-r--;--,--,--,--r-,-,--,--,----,-,-,--, 

z 

'" o 

12 

6 

::J 4 
<l: 

2 

/ 
/ 

/ 7-1 

/ 
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7-5 7- 6 
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TABLE 7. Solubility of 7BaO.6Ah03.36HzO in water and in 
barium hydroxide solutions at 30°C-Continuecl 

Conce ntration of 
solu tion 

Time Solid phases p resent 

Ah03 I BaO 

0 _________ _ _ 
10min .. ___ _ 
2 hr. ______ _ 
I day ______ _ 
4 days _____ _ 
18 days ____ _ 
1 mo _______ _ 
2 mo _______ _ 
3 mo ______ _ _ 
6 mo _______ _ 
7 mo . ______ _ 

0 __________ _ 
10 min _____ _ 
1 hr _______ _ 
1 day ______ _ 
2 days _____ _ 
5 days _____ _ 
14 days ____ _ 
1 mo _______ _ 
2010 _______ _ 
4 mo _______ _ 

0 __________ _ 
10 [ni IL. ___ _ 
1 h I'. ______ _ 
1 day ______ _ 
2 days _____ _ 
5 days _____ _ 
15 days ____ _ 
1 mo . ______ _ 
2 mo _______ _ 
4 mo _______ _ 

y/liler 
o 
8.20 
8.90 
9.60 

lJ. 14 
8.30 
7.80 
7.45 
6.80 
3.90 
3.65 

o 
7. 70 
9.76 

1J. 60 
11. 26 
11. 40 
n.1 0 
7.65 
6.95 
7. 0.1 

o 
7. 10 
9. 36 

10. SO 
10.90 
10.84 
1J. 00 

7.95 
7.35 
7. 20 

0 _ __ ________ 0 
10 min ____ __ 8. 50 
30 min ______ 9.60 
1 day______ _ 9.90 
2 days ______ 9. SO 
5 days ______ 9.70 
9days______ 8.20 
1 mo ________ 4.3S 
2 rno ________ 3.70 
3 InO ________ 3. 60 
4 mo ________ 3.37 
5 mo________ 3. 15 

0 ____ . _____ _ 
1 day. ___ . __ 
4 days _____ _ 
7 days __ _ . __ 

10 days._._. 
17 days ._._. 
1. mo __ _____ _ 
3 mo _._. ___ . 
4 mo _______ _ 

o 
10.04 
10. 10 
10.20 

S.90 
7. 10 
6. 15 
4.40 
4. 15 

y/litcr 
23.0 
36.0 
36.8 
39.3 
42.1 
37.4 
37.6 
36. 1 
35.9 
31. 6 
31. 4 

Experiment 7- 4 

7BaO.6Ah03.36H,O. 

7BaO.6Ah03.36H,O. 
Do. 

BaO.Ah03.71I , O+ BaO.Ah0J.4H, O_ 
Do. 

BaO.Ah03.4JT, O+ hyd. Ah03. 
Do. 
Do. 
Do . 

Experiment 7- 5 

28. 7 7BaO.6Ah0 3.36l l', O. 
'10.6 D o. 
43. 7 Do. 
46.4 1)0. 
46.8 Do. 
47.3 
46. 6 BaO.Ah03.7 IT, O. 
42.8 Do. 
41.8 D o. 
42. 1 Ba O.Ah03.7lT, O+ BaO.Ah03.4H , O. 

Experim en t 7- 6 

37.8 7DaO.Ah03.36IhO. 
46. 5 Do. 
49. 0 1)0. 
52.6 D o. 
52.7 Do. 
52.9 
52.7 7Ba O.Ah03.361'I, O+ BaO .Ah03.7I ['0 . 
4S. S BaO.AhO,.7J-l , O. 
4S.4 Do. 
47. S Do. 

Experiment 7- 7 

45. 3 7Ba O.6Ah03.361I,0. 
55. S Do. 
56. 1 Do . 
56.5 no. 
57.0 Do. 
57.3 7BaO.6Ah03.36H,O+ BaO.Al, 0 3.4H, O. 
5S.5 ])0 . 
52.9 Ba O.A hO,.4H, O. 
5J. 4 Ba O.Ah0 3.4J-1 ,O+hyd. Ah03. 
51. 4 Do. 
51. 1 Do. 
50.5 ])0. 

Experiment 7- 8 

5J. 5 iBaO.6Ah03.36H,O. 
64.2 7Ba O.6Ah03.36H,O+Ba(OH)'.8H,O. 
65.7 Do. 
66.1 7BaO.6Ah03.36H,0+BaO.Ah03.4H,O 

+Ba (OH),.8H ,O. 
65.0 BaO.Ah03.HI, O+ Ba(OH ),.SH,O. 
62.0 Do. 
58.0 Do. 
57.5 Do. 
57.3 Do. 

Mixtures in th e more basic region reached a maxi­
mum concentrati o~l that persi.stedlong enough (5 to 
15 days) to permIt the plottmg of an approximate 
metastable solubility curve in this range_ The data 
and ClJI've for experiment 7-3 show that it resembled 
7-2, except th at in the more basic solution the inter­
mediate phase, BaO.A120 3.7H20 , persisted longer. 
Experiment 7-3 shows another peculiarity in that the 

heptahydrate formed was subsequently hydrolyzed, 
with a corresponding increase in basicity of th e solu­
tion . Experiments 7-4 , 7-5, and 7-6, in solutions 
progressively more basic, are characterized by 
greater stability of th e intermediate phase, 
BaO.AI20 3.7H20 , and by a decrease in th e amount of 
hydrated alumina precipitated. In 7-7 and 7-8. th e 
heptahydrate no longer appears as an intermediate 
phase, the original hydrate being tr ansformed 
direc tly into th e tetrahydrate. In 7-8, Ba(OH)z .8HzO 
also ap pears as a solid phase. The reverse kink in th e 
curve for this mixture reflects a temporary failure 
of the temperature control, which permitted the tem­
perature to fall about 1 deg, resulting in precipitation 
of more barium hydroxide. 

9. 2BaO.A120 3 _5H20 

R esults of so lu bility ex p erim ent s with 
2BaO .A120 3.5H 20 are given in table 8 and figure 8. 
This hydrate dissolved in water withou t any precipi­
tation at first, so that the molal' ratio of BaO to A120 3 
in solu tion r emained approximately 2:1. Precipita­
tion of hydrated alumina was first observed after 26 
days. The remaining crystall ine material thereupon 
went into solution as alumina continued to eparate 
out. 
TAB l ,];; 8. Solubility of 2BaO.Alz0 3.5HzO in water and in 

barium hydroxide solutions at 30° C- Continued 

Conce nt.ration 
or solu t.ion 

rr'imc 

Ai,0 3 

,illiler 0 ___________ 0 
1 d ay _______ 3. 42 
5 rl ays ______ 5.05 
12 clays _____ 5. 50 
19 da ys _____ 6. 10 
26 days _____ 6. 15 
33 days _____ 5, ()O 
40 days _____ 4.55 
2 rno ________ 3. 40 
3 mo ________ 2.70 
4 mo ________ 2.55 
61110 ________ 2 15 
10 mo _______ 1. 87 

0__ __ ________ 0 
1 d ay_____ __ 2.1S 
5days ______ 3.55 
12days ___ __ 3.98 
Igdays __ ___ 4..60 
26 days_ ____ 4.90 
33 days _ .. ___ 5. 15 
40days ____ . 5. 48 
2 mo________ 5.52 
3 mo________ 5.35 
·1 mo _____ .. _ 5.35 
6 rno ____ __ __ 4.60 
10rno ___ ... __ 3. 05 

0 _______ .. ____ 0 
1 flay _______ I. 85 
5 d ays __ .. ___ 3.20 
12 r!3ys__ ___ 4.00 
19 days ___ _ 4.70 
26 days_ ____ 5. 00 
33 d"y~ _____ 5. 15 
40 days _ .. ___ .1.25 
2 rolO ________ 5.25 
3 rno________ 5. 12 
4 mo________ 5.30 
6 mo _______ .. 5.15 

I 
Solid phases present 

BaO 

Experimont. 8-1 

y/liler 
0 2BaO .AhO, .5H ,O. 

10.4 
2J3aO.Ah03.5TI, O. 

IG.8 Do. 
18.4 Do. 
19.7 2BaO.AhO,.5 H,0+hyd. Ah03. 
20.8 nyd . Ah03. 
20. Q 
21.1 H yd. Ah03. 
20. (i Do. 
20.6 ])0_ 
20.3 Do. 
19. Q Do. 

Experiment 8-2 

(8.5) 2BaO.Ah03.5H,O . 
14.9 

2BaO.AhO, .5H, O. 
20.3 Do. 
21.Q Do. 
22.6 2BaO.AhO,.5II,O+ h)·d . Ah03_ 
23. 1 ])0. 
24. 3 
24.1 2BaO.Ah03.5H ,O+hyrl. Ah03. 
24.2 Hyd. Ah03. 
24.2 Do. 
23.6 Do. 
2J.5 Do. 

I 

E xperi men t 8-3 

(17.0) 2BaO.Ah03.5H,O. 
23.0 

2BaO.Ah03.5H ,O+hyd. Ah03. 
29.3 Do. 
3 t. 2 1)0. 
32.0 Do. 
32.3 D o. 
32.9 
32.4. 2BaO .Al,03.5R,0 + b yd. AhO,. 
32.8 Do. 
;12.5 Do. 
3~. 0 Do_ 
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FIGURE 8. Solubility of 2BaO.AI20 3.5H20 in water and in barium hydroxide solutions at 30° C. 

TABLE 8. Solubility of 2BaO.Ab03.5H20 in water and tn 
barium hydroxide solu lions at 30° C- Continued 

'rime 

Concentration 
of solution 

AhO, , B aO 

Selid phases present 

Experiment 8-4 
1----·;---·.,----·;--'---------------

ulli!er 
0 __ .________ 0 
1 day_______ I. iO 
2days ______ 2. 45 
5days ___ ~ __ 2.85 
12days _____ 3.80 
19days _____ 4.20 
26days _____ 4.30 
40days _____ 4.15 
2 mo ________ 4.25 
3 mo ________ 4.40 
4 mo ________ 4.20 
5 mo ________ 4.05 

o. __________ 0 
9 days ______ 3.40 
22 days _____ 3.40 
3(\ days _____ 3.60 
2mo ________ 3.25 
3 mo ________ 3.35 
4 mo ________ 3.35 
5mo ________ 3.40 

0 ___________ 0 
9 days ______ 3.30 
22 days _____ 3.02 
36 days _____ 3.20 
2 mo ________ 2.90 
3 mo ________ 3.02 
4 mo ________ 2.99 
5 mo ________ 2.95 

O. __________ 0 
9 days ______ 2.70 
22 days _____ 3. 00 

36 days _____ 3. 05 
2 mo ________ 2. 78 
3 rno ________ 2.85 
4 rno _______ 2.80 

0 ___________ 0 
12 days _____ 2.80 
22 days _____ 2.88 

36 days _. ___ 3.05 
2 rno . ___ ~ ___ 2.80 
3 mo ________ 2. 70 
4 mo ________ 2.75 

u/liter 
(25. i) 
30. 7 
32.5 
3·1.0 
36. 7 
37.8 
3i.8 
38.0 
38. 1 
3i.9 
37.3 
37.6 

(34.2) 
42.5 
43.6 
43.9 
43.5 
43.1 
43. 8 
44.0 

(39.9) 
4i.O 
48.0 
48. 2 
48.2 
47. 8 
48.2 
48.1 

45.6 
50.1 

R4 i .O 

51. 5 
51. i 
52. 1 
52.3 

(49. 4) 
52.7 

"48.4 

52. 9 
• 50. 0 

53 i 
53.7 

2BaO .AhO,.5H,0 . 
Do. 

2BaO.AbO, .5H,O-j-hyd. AhO ,. 
D o. 

2BaO .AhO,.5H,O+hyd. AhO,. 
Do. 
Do. 
])0. 
Do . 

Experiment 8- 5 

2BaO.Ah03.5II,O. 
2BaO.AhO,.5H,O + h yd. AbO, . 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Experiment 8-6 

2BaO.AbO,.5H,0 . 
2BaO.AhO,.5H,O+hyd. AhO,. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Experiment 8- 7 

2BaO.AI,O ,.5H,O . 
2BaO.AI,O,.5H,0+Ba(OH),.8H,0 . 
2BaO .AhO,.5H ,0 + Ba( 0 H) ,.8H,O+ hyd. 

AhO ,. 
Do. 
Do. 
Do. 

2BaO.AbO,.5H,O + llyd . AhO,. 

Experiment 8- 8 

2BaO.Al, O,.5H ,0 . 

2BaO.A hO, .5H,O+Ba(OH),.8H,0+hyd. 
AhO , . 

Do. 
Do . 
Do. 
Do. 

a Fluctuations in BaO concentration reflect temporary failure of temper:=tture 
control. 

In barium hydroxide solutions, the course of solu­
tion was similar, but the original hydrate appeared 
to be more stable as the concentration of barium 
hydroxide increased. Although small amounts of 
hydrated alumina were formed in all cases, much of 
the crystalline material remained even after 5 mo, 
except in 8-2, the least basic of these mixtures. 

10. Precip itation From Supersaturated Solutions 

In any study of phase equilibria in aqueous solu­
tions, it is desirable to approach equilibrium from 
both sides, that is, from supersaturation as well as 
undersaturation. This is particularly true when 
reactions arc slow and when metastable phases may 
be formed. In the present study, it was found that 
precipitation from supersaturated solution gave 
results that were not always reproducible and that 
often were difficult to interpret. This phase of the 
investigation, the first actually to be undertaken, 
yielded information vital to an understanding of the 
various solid phases and their formation, but it did 
not furnish a clear picture of the equi librium rela­
tionships in the system. The solubility experiments 
described in the preceding sections proved to be 
essential to a clarification of these relationships. 

Supersaturated solutions for the precipitation ex­
periments were prepared as described in section II, 
7. These were kept in the 30° C cabinct with oc­
casional shaking, and samples of the solutions were 
pipet ted out from time to time for analysis. Small 
samples of the solid phases that precipitated were 
also taken for microscopic examination. Out of a 
large number of such solutions prepared at various 
times, a few have been selected as typical of the 
group, and the results are presented in table 9 and 
figure 9. 

Examination of the curve for Experiment 9-1 
shows that the precipitation followed a straight line, 
aside from slight irregularities that may be attrib­
uted to experimental errors . The last two analyses 
indicate a slight but definite shift toward a lower 
concentration of BaO. This is probably due to 
crystallization of Ba(OH) 2.8H 20 on the wall of the 
flask above the level of the liquid, a phenomenon 
observed in a number of the flasks after standing for 
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TABLE 9. Precipitation from supersaturated barium aluminate 
solutions at 30° C 

Time 

0 _____ _____ _ 
1 day __ ___ __ 
2 days ______ 
5 days _____ _ 
J3 days _____ 
20 days _____ 
29 days __ __ _ 
47 days _____ 
2 mo ____ __ __ 
3 mo ____ ____ 
4 mo ___ _____ 
6 mo ________ 

0 
1 day::::::: 
2 days ______ 
5 days ______ 
13 days _____ 
20 days _____ 
29 days _____ 
47 days _____ 
2 mo . _______ 
3 mo ________ 
4 mo ________ 
6 mo _______ 

0 ______ ___ __ 
1 day __ _____ 
2 days ______ 
.5 clays _____ 
13 da~'s __ . __ 
20 days _____ 
47 days _____ 
2 mo . ___ ____ 
3 mo ________ 
4 mo. _______ 
6 mo ________ 
7 mo ________ 
8 mo ________ 

0 ___________ 
5 mo ________ 
7 mo ________ 
9mo ________ 
12 mo _______ 
15 mo _______ 
18 mo _______ 

0 ____ ___ ____ 
1 d ay ____ ___ 
2 d ays ______ 
5 da ys _____ _ 
13 days ___ __ 
20 d ays _____ 
47 days _____ 
2 m o __ ______ 
3 mo ________ 
4 mo. __ ____ _ 
6mo __ __ ____ 

0 ___________ 
1 day ___ ___ _ 
4 days ______ 
7 da ys ___ ___ 
II days __ ___ 
15 days _____ 
2 mo _____ ___ 
7 mo. ____ ___ 
II mo _____ __ 
] 5 mo _______ 
18 mo _______ 

Concentration of 
solution 

AJ,O, , BaO 

Solid phascs prese nt 

Experiment 9 1 

glliter glliter 
17.80 27.8 None . 
16.38 27. 1 Hyd.Ah03. 

8.08 26.1 D o. 
5.58 25.8 Do. 
3. 90 25.5 Do. 
3.50 26.0 D o. 
3.45 26. 1 Do. 
3.20 26.0 Do. 
2.95 25.8 Do. 
2.65 25. 6 D o. 
2.45 24.8 D o. 
2.45 24.7 ])0. 

E x periment. 9-2 

19.24 35.6 NOIl(" 
18.92 34.9 H ycl. 11.1,03. 
17. (j6 34.9 Do. 

9.1 2 32.2 JTyd.Ah03+ DaO. AI,03.71hO. 
6.70 32.5 Do. 
5.60 33.6 Jl yd. Ah03. 
5.00 33.7 Do. 
4. 40 33.7 Do. 
3.93 33.8 D o. 
3.50 33.4 1)0. 
3.30 33. I Do. 
3. 10 32.8 D o. 

Exp('ri l1lt'nt 9-3 

19. 40 43.8 NOlle, 
19. 34 43.5 7UaO.6Ah03.36H ,O. 
14.36 36.6 ?UaO.6A 1,03.3(j l [, 0 + 13aO.A 1,03. 7H, O. 
10.16 30.8 lJaO.AI,0 3.71J,0 . 

S.H 28.0 BaO. A 1,03.7J I,O+hyd. 11.1, 0 3. 
7.70 27. (i 1)0. 
7.46 26. 9 1)0. 
7. 32 2(j . 7 1)0. 
6.86 25. 7 1)0. 
6.80 25.6 1) 0. 
7.00 25.4 D o. 
7. 10 38.8 
7.25 42.9 

E x periment 9-4 

14. 10 37. 8 None. 
7.48 30.7 Ba O.Ah03.711 ,O. 
6.60 37.4. J ly d. A1,03. 
4.66 37. 1 Do_ 
4.05 36.9 Do. 
3. 40 36.8 D o. 
:1.20 36.5 D o. 

E xperim ent. 9-5 

y/liter gil iter 
20.04 51. 5 N onc. 
.1 9.30 51. 0 7BaO .6Ah03.36II, O. 
11. 90 40.5 7BaO .6A I,0 3. 36E, O+ BaO.Ah03. 7E, O. 

9.20 36.8 BaO.Ah03. 7H, O. 
7. 40 34. 6 D o. 
7.30 34. 2 Do. 
7. 10 33.8 Do _ 
7.05 33.6 Do. 
7.23 33. 6 Do . 
7. 25 33.5 D o. 
7.12 32.9 Do. 

E xperime n t 9-6 

17.65 51. 7 None. 
17.39 51.1 iBaO.6AI,03.36ll, O. 
13.29 43. 5 Do. 
11. .\1 40.2 Do. 
10.78 42.6 DaO. AJ,03.7ll, O. 

S.75 39.4 Do. 
7. 43 3S.0 ])0. 
7. ~4 36.6 Do. 
5. 18 47. 4 BaO.AI,03.4ll,O+ h yd . A I, 0 3. 
3.86 45.2 Do . 
3. 40 44.5 Do. 

T A BLE 9. PTecipitationfTom supersaturated barium aluminate 
solutions at 30° C- Continued 

Time 

0 ________ __ _ 
1 day ______ _ 
2 days __ ___ _ 
5 days _____ _ 
9 days _____ _ 
15 days __ __ _ 
20 days ____ _ 
47 days ____ _ 
2 mo .. _____ _ 

0 ___ ______ _ _ 
1 day __ ____ _ 
2 days _____ _ 
5 days _____ _ 
9 days _____ _ 
13 days ____ _ 
20 days ____ _ 
47 days ____ _ 
2 mo ___ ____ _ 

Concentration of 
solution 

Ah03 ' B aO 

Solid phases presen t 

Experiment 9-7 

g/liter 
20.20 
16.46 
13.42 
11.30 
8. 47 
7.90 
7.30 
7. 00 
7.00 

17.74 
17.52 
15.28 
11.22 
8.70 
7.74 
7.60 
7.30 
7.05 

glliter 
59.4 
54.2 
49.5 
47.2 
44.5 
43.3 
42.4 
41. 8 
41.4 

None. 
7DaO.6Ah03 .36H , O. 

Do . 
m aO .611. h03.35ll,O+ Ba O. AI, 0 3. 7E, o. 
UaO.AJ,03. 7H, O. 

Do . 
Do . 
1)0 . 
D o. 

Experiment 9-8 

64.3 
62.7 
59.8 
54.3 
51. 7 
50.0 
49.7 
49.3 
48.5 

None. 
7BaO.6AJ,03.35ll,O. 

D o. 
maO.6A 1,03.351 [,0+ UaO.A 1,03.7 H,O. 
DaO.Ah03.7li,O. 

1)0 . 
1)0. 
Do. 
D o. 

Experiment 9-9 

o _________ 14. 16 59.2 None. 
6 days _____________________ _ 13 aO .A 1,0, .7 JJ, O+7 naO .6AI, 0 3.36 1 [,0 

10 days ____ _ 
3 111 0 _____ _ 
7 111 0 __ • ___ _ 
II mo ______ _ 
13 1110 ____ _ 
15 I1lo _. ____ _ 

o _________ _ 
5 InO _____ _ 
f mo _______ _ 
91110 ____ _ 
12 mo ______ _ 
15 mo ______ _ 
18 InO ____ _ 

o _________ _ 
10 da ys ____ _ 
1 mo _____ __ _ 
2 mo __ _____ _ 
3 mo __ ___ __ _ 

J 1. 44 
7.68 
4.00 
3.38 
3.30 
3.30 

11.10 
7.80 
6.00 
5. 20 
4.32 
4.00 
3. 75 

12. 10 
11. 75 
8. 00 
6.00 
4.85 

54.9 
50. 3 
44. I 
43.2 
43.2 
43.2 

(s light a mL). 
13aO .AJ,03.7fJ,0. . 
13aO.AJ,03.7if,0+ 13aO.Ah03.41 [ ,0. 
UaO.AJ,03.4lJ,O+ hyd. AI, 0 3. 

Do . 
D o. 
Do. 

Ex pe r iment 9-10 

60.8 
55.9 
53.8 
52.5 
51. 3 
50.5 
50. 4 

No ne. 
BaO.A J,03.7II,O+ BaO.A 1,03.4 [[,0. 
DaO.Ah03.4II, O+ hycl. 11.1,03. 

Do . 
Do . 
Do. 
1)0 . 

E~p('rim cnt 9-11 

68.1 
57.6 
63.2 
59.3 
58.0 

Da(O l1),.8ll,O. 

Ba (Oll),.8ll, O+ BaO .Ah0 3AII, O. 

Ba (0II) , .8ll, 0 + BaO.Ah03.4ll,O. 

several months. Disregarding these two points, 
the average slope of the line indicates a molal' ratio, 
BaO:Alz03= O.10 :1 , in the precipitate. Analysis of 
the precipitate after 7 mo gave a molar ratio, 
BaO:Al20 3 :HzO= O.07: 1 :3.27. 

The precipitate was bulky, and uncler the micro­
scope appeared as extremely fine, irregular , isotropic 
grains, with refractive index about 1.57, close to the 
median index of gibbsite (Alz0 3.3HzO). The X-ray 
diffraction pattern showed the stronger lines of 
gibbsite, superimposed on a broad band indicative 
of amorphous material. It is inferred that the 
precipitate originally was amorphous, and that 
crystallization to gibbsite occurred progressively on 
aging. The BaO present may be assumed to be 
adsorbed. 

Experiment 9-2 followed a similar course, except 
that a small amount of BaO.Al20 3.7H20 appeared as 
an intermediate product and persisted for several 
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FIGURE 9. P recipitation from supersaturated barium aluminate solutions at 300 C. 

days. Its subsequent re-solution is reflected in an 
inflection toward the right in the curve. 

Solutions more basic than No. 9-2 behaved 
differently. Experiments 9-3 , 9-5, 9-6, 9-7 , and 9-8 
precipitated 7BaO.6Al20 3.36H20 as the initial solid 
phase, followed by simultaneous disappearance of 
this phase and precipitation of BaO.Al20 3.7H20 . In 
9-4, 9-9 , and 9-10, the latter hydrate was the initial 
phase to separate out . It will be noted that in this 
latter group the initial concentration of Al20 3 was 
below 15 gjliteI' in each case. No . 9-6 is exceptional 
in that the inversion from 7BaO.6A120 3.36H20 to 
BaO.Al20 3.7H20 was accompanied by an abrupt 
change in direction of the concen tration curve. 
For some unknown reason, the other members of the 
series failed to show this break, though 9-7 and 9-8 
do show a more gradual change in slope, which may 
be attributed to the same reaction. 

Experiment 9-4 is of interest in that it exhibits 
complete hydrolysis of the BaO.Ab0 3.7H20 first 
formed, with a corresponding ch ange in con centration 
of the solution . The same is t rue of No. 9-3, except 
that in this case the hydrolosis was still incomplete 
when the experiment was terminated after 8 mos. 
Experiment 9-6 underwent an analogous change in 
concentration, but in this case BaO.A120 3.4H 20 was 
precipitated along with the alumina. In 9-9 and 9-1 0 
th ese two phases were also coprecipitated, but the 
hydrated alumina was present only in small amount, 

insufficient to cause any deflection of the concen tra­
t ion curve. Experiments 9-3, 9-5, 9-7 , and 9-8 ap­
pear to have reached equilibrium at about 7 g of A120 3 

per liter , but it will be noted that these experiments 
were terminated after 7 mos or less. This group was 
started as the investigation was nearing completion, 
and the ir study was n ecessarily abbreviated . It 
should be clear from th e previous discussion, how­
ever, that this apparent equilibrium is metastable, 
and it may reasonably be assumed that on longer 
standing, this group would have behaved as did t he 
other members of the series . 

Experiment 9-11 contained an excess of Ba(OH)2.-
8H 20 present as a solid phase. The first new phase 
observed was BaO.Ab03.4H 20 , rather than the hepta­
hydTate. It is worthy of note that even in contact 
with excess barium hydroxide, the hydrate that was 
fhst precipitated was a monobarium compound. 

The results of the above experiments and of a 
number of others involving precipitation from super­
saturated solution may be generalized as follows: (1) 
Solutions containing less than 36 g of BaO per liter 
(approximately) precipitate amorphous hydrated 
alumina, togeth er with some adsorbed BaO . The 
rate of precipitation from the more concentrated solu­
tions is fairly rapid, but from solu t ions less concen­
trated it may be extremely slow. The stable product 
is gibbsite. (2) Solutions containing more than 36 g 
of BaO per liter (approximately) precipitate one of 
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the hydrated barium aluminates. In this more basic 
region the concentration of alumina determines which 
aluminate precipitates fu·st. Above 15 g of Al20 3 
per liter (very roughly) the first phase to appear is 
7BaO.6Al20 3.36H20; below that concentrat ion the 
initial solid phase is BaO.Ab03.7H20. (3) 7BaO. 
uAb03.36H20 is r elatively unstable and soon dis­
appears with the formation of either hydrated 
a lumina, BaO.Ab03.7H20, or BaO.Ab03.4HzO, de­
p ending on the concentration of BaO in the solution. 
(4) BaO.Ah03.7HzO i metastable and eventually dis­
appears with formation of either hydrated alumina or 
BaO.Ab03.4H20 or both . 

11. Phase equilibria in the system BaO-A120 3-H20 
at 30° C 

From the data given in the preceding sections, it is 
possible to constru ct the greater part of the phase 
equilibrium diagram for the sys tem BaO-Al20 3-H20 
at 30° C. The equilibrium concentrations and the 
cOlTesponding solid phases arc listed in table 10. 
In order to complete the diagram, it was necessary 
to study the solubili t ies of two additional compouncls, 
namely, gibbsite (AI20 3.3HzO) and barium hydroxide 
octahydrate (Ba(OH)2.8HzO). Gibbsite was treated 
with barium hydroxide solutions in the manner 
previously described in connection with the alumi­
nates. Analyses were made at intervals for a period 
of 8 to 9 mos, at the end of which t ime the concen­
trations had remained substantially constant for 
3 mos. The barium hydroxide curve was established 
in part by experiments described above. Two 
addi tional points were obtained by determining the 
solubility of recrystallized barium hydroxide octa­
hydrate in water and in a barium aluminate solution 
containing l.42 g of Alz0 3 per li ter. In these experi­
ments equilibrium was attained quickly, but because 
of the h igh temperature coeffi.cient of solubility and 
the lack of high-precision temperature control it 
was necessary to make repeated analyses and usc 
average values. The equ ilibrium data obtained 
in these two series of experiments are included in 
table 10. 

TABLE 10. Concentration oj barium aluminate solutions 1n 
stable or metastable equilibrium with solid phases at 300 C 

Concentra­
t ion of solu -

Ex pcri- tion 
ment / __ ,---__ / 

AbO , BaO 

Solid phases present Direction of a pproach 
to eq uilibrium 

- -------_·_-----------1·-------

1O- 1.. •. 
10-2 .... 
10-3 .••. 
1Q-4 ••. 
10- 5 .... 
10-6 .. _. 
10-7 .•. 
10-8 .. 
10-9 ... 
10-10 " 
10-11 ... 

glliler 
0.20 

.39 

.70 

. 88 
L06 
I. 40 
L 69 
2.00 
2.56 
2.69 
3. OS 

yll iler 

~: ~ . ~. l:~to~~~~~·.~~:::::~::::::::::. 
14.2 ..... do .. __ ._._ ......... _ ...... _. 
J9.0 ..... do .. __ ._._ ...... _ ....... _ .. . 
23.9 ..... do .. __ .... .... . .......... . 
29.1 ..•.• do .. __ ._._ .... __ .... . ...... . 
34.2 .... _do ... _._._ .......•.. __ ..... . 
38.8 ..... do .... _._ ................. , 
44.7 ..... do ... _._. __ ... . ........... . . 
49.6 .... do __ ._ .. _ ............... . 
55.4 A l,0 •. 3IT,0+Ba(0ll),.SR , 0 .. . 

F rom und ersatu ration . 
Do . 
Do. 
Do. 
Do. 
Do . 
Do. 
Do . 
Do . 
Do. 
Do. 

5-2 .... 3.00 12.5 iJaO. AhO, .48,0+h y<1. AbO,.. Do . 
5-3..... 2.83 17.6 ..... <10 .. _ .. _ .. _ .. _ ....... _...... Do. 
5-4 ..... 2.79 22. 0 ... do .. __ ._ ............ _....... 1)0. 
5- 5..... 2.90 26.4 .... clo . __ ._._ .......... ____ ... _ 1)0. 
5-6..... 2.74 3L 6 ..... <10 .. __ ._ .............. _..... Do. 

- --- - - -----------------------.."1 

TABLE 10. Concentration oj bm'ium aluminate solutions in 
stable or metastable equilibrium with solid phases at 30°C­
Continued 

Concentra­
tion of solu-

Ex peri - t ion 
ment / __ ,-__ / 

AhO, BaO 

Solid phases present Direction of approach 
to equilibrium 

------1---------1--------
II/liter yl liter 

10-21. .. 3. 11 33.3 BaO.AbC ,.4R,0+hyd. AbO,._ 
10-22 ... 3. 08 35.2 ..... <10 ........ . ................ . 
10-23 ... 3.25 37.5 ..... do .. . ........... _ .. __ . . . ... . 
5-7..... 2.68 40.7 ..... <10 ................ _._ .. _ .. _. 
!}-9 ..... 3.33 43.2 ... _. <10 ..................... ... _. 
5-8..... 2.74 45.4 ... _.do ................... ... . . __ 
5-9 ..... 2.74 49. 9 BaO.AbO, .4R, 0 ............ _. 
1O- 12.. . 2. S6 55.6 BaO.AhO, AEbO + 13a (OR),. 

8-3 .... . 
S-4 .... . 
8- 5 .... . 
8-6 .... . 
8-7 .... . 
8-S ... . 
10- 13 .. . 

6-2 .... 
10- 14.. . 
9-3 ... . 
6-3 .... . 
9-4 ... . 
9- 5 .... . 
6- 4 .... . 
9- 6 ... . 
10-15 .. . 
6-5 .... . 
9- 7 .... . 
10-16 .. . 
10- 24 .. . 
9-8 .... . 
6-6 .... . 
10- 25 .. 
6-7 .... . 
10-17 .. . 
10- 18.. _ 

5. 20 
4.20 
3.35 
2.95 
2.80 
2.75 
2.70 

7.44 
7.42 
6.89 
7. 12 
7.48 
7.20 
7.33 
7.24 
7.20 
7. 45 
7. 10 
7. 16 
6.95 
7.32 
7. 10 
7. 16 
7.7S 
7.65 
7. SO 

SR ,O 

32.4 2BaO .AbO, .5B ,0+hycl. AbO,. 
37.8 ..... <10 ......................... . 
43.6 _ .... clo ........... _ ...... _ ..... _. 
48. 1 .. . . _<10 .................. _ .. . .. _. 
52.0 .. . .. <10 ...... _ .................. . 
53. 7 ..... <10 .................. _. ' .. _. 
55.4 2BaO.AhO,.5R ,0+ Ba(OR),. 

SR ,O. 

20. 0 BaO.A l, O, .7li, 0 ............. _. 
22. S ..... <10 ........... _ ............. . 
25.6 ..... <10 .................. _ ..... _. 
27.8 ..... <10 .....• _ ............•.... _. 
30.7 ..... do ........... _ ............ _. 
33.3 ..... <10 ......................... . 
34. 4 ..... do ......................... . 
36. (i .•.•• do ...... _ .........• _ .. _. 
37.3 ..... do ........... _ ... _ .. _ ...... . 
41. 4 ..... do ........................ . 
41. 9 ... _.do ......................... . 
43.6 ..... <10 ......................... . 
46.3 ..... <10 ...... _ .......•.•......... 
49.2 ..... <1 0 ......................... . 50.3 ____ . do. ________________________ _ 
54.2 ..... <10 ......................... _ 
55.3 ..... <10 ........... _ ............. . 
57. 7 ..... <10 ........ ........ . .. . 
62.2 BaO. AbO, .7Jl,0+13a(0H) ,. 

SE ,O. 

From supersaturation . 
Do. 
Do. 

From uncicl'Sa Lu ratiol1 . 
F rom supersat.urat ion . 
F rom undersaturatio n . 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 

Do. 
Do. 

Fro m slIpCI'saturation . 
From uncicrsaturation. 
l"rom supersaturation . 

Do . 
From unci crsaturalion . 
From supersaturation . 
From un clcrsaturation. 

Do. 
From supersaturatio n. 
Frorn uncicrsatllration . 
From slIpcrsaLUration . 

Do. 
Prom undcrsaturation. 
Ii' rom supcrsaturation . 
From undcrsaturation. 

Do . 
Do . 

7- 2..... II. SO 29.5 7BaO 6 AhO, 368 , 0 + hyd. Do. 
AhO,. 

7- 3 ..... 12.20 35.2 7BaO.6AhO, .36I·r,0 ............ Do. 
7- 4..... 11. 14 42.1 ..... <1 0 .... _..................... Do. 
7- 5..... 11. 60 46.4 ..... do....... .... ......... ..... Do. 
7- 6..... 1t. 00 52.7 713aO 6AhO, 3611,0 + BaO. Do . 

AhO, .7H ,0. 
7- 7..... 9.90 56.5 7BaO.6Al, O, .361,r,0 ............ Do . 
7- S ..... 10.20 66. 1 7BaO. 6AbO, . 36H,O + BaO. Do. 

AhO ,.4 R ,O+ Ba(O EI),.SEI,O. 

10- 19.. . (0) 52.9 Ba(O R )"SR ,O... ... ... Do. 
10- 20... 1. 42 54. 1 .•.•. <10 . . ... . .................. _ Do . 

Also included are a number of points representing 
equilibrium (metastable) approached from supersat­
m'ation rather than undersaturation. These points 
are shown as filled triangles in figure 10, in order to 
distinguish th em from th e others. It will be no ted 
that there is fair agreement bet-ween t h e two methods 
of approach in the case of BaO.AlzOa.7H20. In the 
case of the t etrah ydrate, however , the values ob­
tained from the precipitation experimen ts arc erratic 
and are generally higher than those obtained from 
solution experiments. The r eason for this is not 
known. No corresponding figures arc given for 
7BaO.6A120 3.36H 20 , as there was no arrest in con­
centration during precipitation in this range. Fur­
ther, there are no precipitation data for 2BaO.A120a--
5HzO because this phase was not obtained by precipi­
tation at 30°. 

No attempt was made to determine the solubility 
curve of amorphous hydrated alumina, partly be­
cause it is difficult to prepare this material free of 
interfering ions, and partly because it was believed 
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FIGURE 10. ConcentTation of baTium aluminate solutions in stable or metastable equilibrium with solid phases at 30 0 C. 

Sym bois represent solid phases present. as follows: e .7BaO.6AI,0 3.36II,O; 'V. T . BaO .A)'03.7H,O; 6 . .... BaO.Ah03.4H,O; •• 2BaO.AJ,03.5II,O; O. AJ,03.3II,O 
(gibbsite); D . Ba(OIl J,.8B ,O. Oombination of t wo symbols indicates coexistence of two solid phases. Filled triangles represent equilibrium approached fro m 
supersaturation. Othor points represent equilibrium approached from undersaturation . 

that such a curve would be dependen t on the mode 
of preparation, hence not very significant. No tests 
were made with any of the crystalline forms of hy­
drated alumina other than gibbsite, and, as men­
tioned above, no work was done on the compound 
BaO.6A120 a. 

Solubility curves for BaO.AI20a.H20 and BaO .­
AI20 a.2H20 are likewise missing. As shown in sec­
tion III , 4 and III, 5, these hydrates, both of which 
were prepared hydrothermally, are unstable in con­
tact with barium hydroxide solutions at 30° C, and 
hence cannot be said to possess solubility curves at 
this temperature. 

Figure 10 is the phase equilibrium diagram of the 
system BaO-AI20a-H20 at 30° C, complete except as 
noted above. The stable phases are gibbsite and 
barium hydroxide octahydrate, and possibly, over 
a narrow range, 2BaO.AI20 3.5H20 or BaO.AbOa.-
4H20. The other phases for which curves are shown 
are metastable throughout their entire range. N ev­
ertheless, because of the slowness of transition from 
one phase to another, it is possible to trace a definite 
solubility curve for each of the solid phases, except 
7BaO.6AI20 3.36H20 and amorphous hydrated alu­
mina. A dotted curve has been drawn to represent 
the approximate solubilities of the former. 

It is apparent from figure 10 that there is some 
uncertainty as to what is the stable solid phase over 
a short range (50 to 56 g of BaO per liter, approxi­
mately) . On the basis of the data given, it appears 
that there is a point at 2.S g of Al20 3 and 52.0 g of 
BaO per liter at which gibbsite and 2BaO.AI20 3.5H20 
are in equilibrium, and another point at 2.7 g of 
Al20 a and 55.6 g of BaO per liter at which 2BaO.­
Al20 3 .5H20 and Ba(OHhSH20 are the stable solid 
phases. However, the solubilities of the three alumi­
nous phases are so close together in this area, and 
the reactions leading to equilibrium are so slow, that 

the stability relations here indicated cannot be con­
sidered definitely established. Additional experi­
ments a few degrees above and below 30° C might 
assist in clarifying the question . 

12. Equilibria at Other Temperatures 

A fe'\'1 experiments were conducted at temperatures 
other than 30° C. In particular, sufficient work was 
done on the solubilities of BaO.AI20 3.7H20 and 
Ba (OH)2.SH 20 at 25° C to establish at least a portion 
of the cw-ves for these compounds . As might be 
expected, they are parallel to the curves at 30° C, 
but at lower concentrations. The solubility of 
Ba (OHhSH20 was found to be equivalent to 42 .7 g 
of BaO per liter at 25° C, and the point at which the 
two solid phases coexist 'was placed approximately 
at 6.S g of Alz03 and 52.0 g of BaO per liter. The 
solubility of Ba (OHhSH 20 at 50° C, expressed in 
terms of BaO, was found to be about 102 gfliter. 
This figlU'e is not exact, as the temperatlU'e control 
was probably no closer than 1 deg, but is given 
merely to indicate the magnitude of the temperatlU'e 
coefficient of solubility. At this temperature BaO.­
A120 3.7H20 is rapidly converted to BaO.AI20 3.4H20. 
No equilibrium measurements were made for the 
tetrahydrate at temperatures other than 30° C. 

As mentioned in the introduction, a diagram of 
phase equilibria in this system at 20° C has been 
published by YIalquori [16]. With due allo\vance 
for the difference in temperature, it still is difficult 
to reconcile hi s diagram wi th tha t given in figlU'e 10. 
In particular, Malquori shows only two barium 
aluminate hydrates, 2BaO.A120 3.5H20 and one that 
he designates BaO.Ab03.6HzO. The latter, which 
we may assume to be identical with the compound_ 
referred to herein as the heptahydrate, is indicated 
to be the stable phase along a curve extending approx-
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ima tely from 2 g of AbOa and 12 g of BaO to 6 g of 
Al20 3 and 22 g of BaO per liter. This is considerably 
a bove the CUl've shown in figure 10 for gibbsite 
(Ab03.3H20), and the latter very probably would 
be found to have a 10'l'le1' solubility at 20° than at 
30°. It is believed, therefore, that Malq uori's cW've 
do es not represent stable equilibrium. 

13. Effect of Impurities 

As is well known, barium hydrOJo .. ride solutions 
rapidly absorb carbon dioxide from the ail', with 
the formation of barium carbonate. Preliminary 
experiments indicated that this reaction would not 
seriouEly affect the r esults ob tained in this study. 
The carbonate formed is practically insoluble in 
barium hydroxide, and thus would be expected to 
have no effeet on equ ilibrium r elations. Samples 
for analysis generally \vere taken with a pipette, 
leaving little chance for carbonation dW'ing samplil1O' . 
Any carbonate formed on th e microscope slid e w~s 
l'eadily distinguished from other phases by i ts high 
b irefringence. Periodic opening of flasks for sam­
pling resultcd in vis ible car bonation, but the total 
nmolUlt was negligible, as evidenced by the constancy 
of concentra tion of the solu tion after attainment of 
equilibrium. 

More serious contaminat ion was introduced by 
t he solvent action of the barium hydroxide solut ions 
on the glass con tainers. In order to est imate the 
extent of t he attack , a large number of sili ca deter­
minations were made on reaction mixtures that had 
stood for varying periods of time. The amount of 
ilica found in solution was invariably small, usually 

about 2 01' 3 mg/litel'. The amount of silica in the 
soli d residue, however, was considerable in flasks 
t hat had been s tanding a long t ime, but there was 
no apparen t uniformi ty as to amount. For example, 
t h e molal' ratio of Si02 to Al20 3 was found to be 0.03 
in the preeipi tate from one solution (not listed 
above) , and 0.84 in t he pl'ecipitate from ano ther of 
very ncarly t he same concentration. Both had 
tood 2 yl', and in both cases the total quantity of 

solid was s)!gh t, having precipi tated from relat ively 
dIlute solutIOn. In most cases t he amount of pre­
cipitate was much greatcr and the per centage of 
SiQ2 correspondingly smaller. For example, the 
reslduc from mixtme 9-1 , filt ered off after 6 mo 
contained 0.01 mole of Si0 2 p el' mole of Ab03. Th~ 
silica was found to be present in the amorphous 
phase, not in the crystalline BaO .AbOdH20 , which 
was in most cases the other phase present in the 
precipitate after long standing. This was shown in 
a number of cases by separation of the precipitate 
into fine and coarse fractions, followed by analysis 
of each. This fact may be significant in connection 
with t he observed presence of the amorphous phase 
in even th e most basic mixtures, in the region where 
t he equilibrium diagram indicates t hat one of the 
crystallinc hydrates should be the stable phase. It 
is probable that in this case th e observed amorphous 
matcnal (always small in amount) is either a 
barium silicate hydrate 01' a barium aluminosilicate 
hydrate , in either case relatively insoluble. 

D078 77- 50- 4 

The presence of silica in the precipitate is posit ive 
evidence of the solvent action of the solutions on the 
glass con tainers . It must be assumed, therefore, 
that the other constituents of the glass, chiefly soda 
and boron t rioxide, likewise were present as con tami­
nants. No tests, however, were made for t hese 
constituents. It is r easonable t o suppose th at the 
soda would remain in solut ion and that it might 
therefore have some effect on t he equilibrium 
concentrations. From the fact that no progressive 
ch ange in equilibrium concentration with time was 
observed, it is believed that this factor was of n egli­
gible significance. 

IV. Comparison of Barium and Calcium 
Aluminates 

It was brought out in section III, 2 that anhydrous 
mono barium aluminate possesses the proper ty of 
setting to a hard mass after being mixed with water . 
The same phenomenon was observed \vitli a nhydrous 
tribarium aluminate as well . It was also shown that 
both of these compowlds, wh en mixed 'wi th water, 
form solu t ions that arc highly supel'sn,turated with 
respect to cer tain hydrated products. This is in 
agreemen t with the well-kno\·"11 thcory of Le Chatelier 
[18] that "the crystallization which acco111panies the 
sct of all of Lhe bodies hardening upon co nLact with 
water r es ul ts from the previous produ ction of a 
sup ersatLU'ated solut ion". Le Cha tcl ier and laLer 
investigators have shown. that this is t rue of the 
calcium almninates , so that in this respect i t may be 
said tha t there is a similari ty in behavior between th e 
aluminaLes of barium and of calcium. There is a 
further similarity in that both 3BaO.Al20 3 and 
3CaO .A120 3 react very vigorously with \va tcl' , 
whereas the corresponding 1: 1 aiLlminate3 react 
much more slowly. B eyond this, however , i t is 
immedia tely apparent that the alum inates of barium 
are q Lli te differcn t from Lhose of calcium. The 
former are much more soluble and form an. entirely 
different series of hydration products. As is well 
known, th e calcium aluminates produce an isometric 
hydrate, 3CaO.A120 •. 6H20, as well as a crystalline 
prod Llct consisting of hexagonal plates in which the 
ratio of CaO to A120 3 is either 2: 1 or 4: 1 or an 
intermediate value. Neither type of product was 
observed with the barium aluminates . These, on the 
other hand, yield a series of hydrates in \vhich the 
ratio of BaO to A120 3 is 1:1 , or nearly so , together 
with a single more basic hydrate, 2BaO .A120 3.5H 20, 
which in no way resembles the d icaleium aluminate 
hydrate. Only in the least basic region of the phase 
diagram are the systems BaO-Ab03-H 20 and CaO­
Ab03-H20 similar . Here, over a short range in the 
latter system, and over a much longer range in the 
formet' , gibbsite is the stable solid phase. 

V. Summary 
On the basis of th e experiments described above, 

and subj ect to th e experimen tal conditions, the 
following conclusions are presented: 

1. Monobarium aluminate is hydrolyzed by water, 
with precipi tation of hydrated alumina. 
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2. Monobarium aluminate dissolves in barium 
hydroxide solutions with precipitation first of 
7BaO.6AbOa.3 6H20, subsequently of BaO .A120v 
7H20 in the less basic and BaO.AlzOa.4HzO in the 
more basic solutions . 

3. Tribarium aluminate is rapidly hydrolyzed by 
water, with precipitation of Ba(OH)2.8H zO, BaO.­
AlzOa.7H20 , and, subsequently, 2BaO .A120 a.5H20 . 

4. All the hydrated barium aluminates dissolve in 
water and are hydrolyzed, with precipitation of 
hydrated alumina. 

5. The hydrated barium aluminates dissolve in 
barium hydroxide solutions with eventual precipita­
tion of the equilibrium solid phases, but frequently 
with preliminary separation of metastable inter­
mediate solid phases. 

6. The stable solid phases in the system BaO-AlzOa-
H 20 at 30° C are: (a) gibbsite (AI20 a.3H20) over a 
range from approximately zero concentration to 
about 52 g of BaO and 2.8 g of Al20 a perliteI'; (b) 
Ba(OH)2.8H 20 from 52.9 g of BaO and zero Al20 a 
to about 55 .5 g of BaO and 2.7 g of Al20 a perliteI' ; 
(c) probably 2BaO.AI20 a.5H 20 (but possibly BaO.­
A120 a.4H20 or gibbsite) over the short range from 
52 BaO and 2.8 A120 3 to 55.5 BaO and 2.7 A120 a. 

7. 7BaO.6AlzOa.36H 20 is a metastable phase, not 
sufficiently stable to permit an accurate determina­
tion of its solubili ty. 

8. BaO.Alz0 3.7H20 is also metastable, but it may 
exist in contact with solution for several months. 

9. BaO.AlzOa.4H20 is likewise m etastable over the 
greater part, if not all , of its range, but its stability 
is greater than tha t of the higher hydrates. 
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10. 2BaO.AlzOa.5H20 resembles BaO.AlzOa.4H20 
in its degree of stability in the metastable range. 

11. No hydrate more basic than 2BaO.AI20 3 .5H20 
was found. 

VI. References 
[1] R . Stu mper, Chimie & industrie 22, 1067 to 83 (1929). 
[2] G. Grube and G. Heintz, Z. E lectrochem. 41, 797 (1935). 
[3] K. Akiyama, Z. Kajima, and H. Aiba, J . Soc. Chern. Ind . 

(Japan ) 41, 218 (1938), and 42, 145 (1939); abstr. in 
Chem Abstr. 33, 325 and 7497 (1939). 

[4] V. F . Zhuravlev, Tsernent 1939, No.8, 41; abstract in 
Chem. Abstr. 35, 595 (1941). 

[5] F. L. Hunt and M. Ternin, Radiology (Feb. 1927). 
[6] G. W. Morey, U. S. Patent 1,688,054 (1928). 
[7] H. V. Wartenburg and H . J. R eusch, Z. anorg. allgern. 

Chern. 207, 1 (1932). 
[8] S. Wall mark and A. Westgren, Arkiv. Kerni, Mineral, 

Geol. 12B, N o. 35 (1937) . 
[91 N. A. Toropov, Compt. rend . acado sci. URSS 1935, 150. 

[10] N. A. Toropov and M. M . Stukalova, Compt. r end. 
acado s ci. URSS , 24, 459 (1939). 

[11] N. A. Toropov and M . M. Stukalova, Cornp t rend. 
acado sci. URSS, 27, 974 (1940). 

[12] E. T. Carlson and L. S. Wells, J . Research N BS 41, 103 
(1948) RP1908. 

[13] E. Beckman, J . prakt. Chern. [2126, 385 and 474; 27,126 
(1883) . 

[14] G. Maekawa, J. Soc. Chem. Ind. (Japan) 44,912 (1941); 
abstr. in Chem. Abstr. 42, 2536 (1948) . 

[1 5] G. Maekawa, J. Soc. Chem. Ind. (Japan) 45, 130 (1-942) . 
[161 G. Malquori, Gazz . chim. i tal. 56, 51 (1926). 
[1 71 G. Gallo, Ind. ital. del cemento 17, 123 (1947). 
[18] H . Le Chatelier, Experimental researclH)s on t he constitu­

t ion of hydraulic mortars (1887) (Translated by J . L. 
Mack, 1905) . 

[19] A. Braniski, R ev. m ateriaux construction t ray. pub!, 
(Ed . C), No. 404, 154 (1949). 

W ASHINGTON, June 2, 1950. 

Vol. 45, No.5, November 1950 Research Paper 2150 

Permeability of Glass Wool and Other Highly Porous 
Media l 

By Arthur S. Iberall 
An elementary t reatm ent is developed fo r the permeabilit~,. of fib rous materials of 

h igh porosit ies, based on the drag of t he individual filaments. It is believed that the same 
treatment is valid for other highly porous media. A bri ef historical review is given of 
theories r elating t he permeab ili ty to t he structure of porous media. The applicabili ty of 
the currently accepted permeabili ty theory, based on the hydrauli c radius, only to media 
of low porosities is di scussed. Both approaches may be extended to permit approximate 
correlation for in termediate porosities. For fibrous materia ls of high porosity, it is shown 
that the effect of flu id inert ia results in a permeabili ty t hat var ies with flow even at low 
Reynolds number. The permeability to gaseous flow is also shown to vary with the abso­
lute gas press ure. This vari ation is appreciable when the mole cular mean free path is of 
the same order of magnitude as the separation between fil aments or particles in t he medium. 
Data suitable for the design of linear flowmeters utilizing fibrous materials of high porosity 
are given, including data on t he useful porosity range of fibrous media. 

I. Introduction 
During t he war ther e arose a need in the Bureau of 

Aeronautics, Department of th e Navy, for rapid 
procurement of equipment suitable for field tests of 
diluter-demand oxygen regulators , which are used 

t This pape r is a theoretical abstract of a report to the Bureau of Aeronautic s, 
Navy Department [lJ. Figures in brackets indicate the literature references at 
the end of this paper. 
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by flight personnel at high altitudes. Due to diffi­
culties in procurement , and certain disadvantages 
in the convenient usc of commercially available 
f10wmeters for the measurement of gaseous flow, th e 
development of a suitable flowmeter was undertaken. 
After some preliminary consideration , effor ts were 
centered on the development of a constant-resistance 
flowmeter utilizing a porous medium as the f1ow-
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