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N o m e n c l a t u r e 

Q — heat added to system, B. t. u. 
M = mass of material in system, lb. 

v = sp. vol. of system, cu. ft./Ib. 
T = abs. temp., ° Rankine 
P = abs. pressure, lb./sq. ft. 

Cp = sp. heat at constant pressure, B. t. u . / lb . /° F. 
I = latent heat of vaporization, B. t. u. / lb. 
x = quality of two-phase mixture, mass fraction in gas phase 
J = mechanical equivalent of heat, B. t. u./ft-lb. 

Subscripts: 
1 = initial state 
2 = final state 
s = condition of saturation 

New Method for 

M l I H I \ A R I U M compounds of commerce are ob-
F j j f ^ r ^ C tained either from witherite or barytes. 
• • • J — J Since the most plentiful barium mineral is 

barytes, this ore is employed to a greater extent than the 
carbonate. The process used for the manufacture of soluble 
barium compounds is first to form barium sulfide by cal
cining the barytes with coke, leaching the sulfide with hot 
water, and then treating the solution with the proper chemical 
to obtain the desired barium salt. In carrying out this pro
cedure it is necessary to resort to different methods of purifica
tion in order to obtain a technically pure product. This is 
especially t rue in the manufacture of blanc fixe where such 
impurities as iron, sulfur compounds, etc., have a great tend
ency to lessen the value of the blanc fixe as a pigment. With 
these facts in mind it seemed worth while to investigate the 
preparation of water-soluble compounds of barium from 
barytes without going through the intermediate stage of 
converting the barytes to barium sulfide. 

P r e v i o u s W o r k 

Different methods, in addition to the use of coke, have been 
used to decompose barium sulfate. Mosttowitsch (IS) de-

1 Present address, Chemical and Pigment Company, Inc., Collinsville, 
111. 

FIGUHE 1. OVEN WITH ROTATING CYLINDERS 
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composed barium sulfate by heating it with silica at 1000° C. 
Marchal (9) studied the dissociation pressure of barium sul
fate a t 1800° C. and a mixture of barium sulfate and silica a t 
1250° C. Bundikov and Shilov (S) claimed to have obtained 
a 97.7 per cent decomposition of barium sulfate by heat ing 
it with silica in an electric furnace a t 1000° C. 

M . Asselin reported to Arth (1) t ha t he had prepared 
aqueous solutions of barium aluminate by heating barium 
sulfate with bauxite at high temperatures . Others who 
studied the reaction between barium sulfate and alumina in 
the presence of coke were Gaudin (S), Mar t in (10), Hersh-
man (6), and Morey (11). Booth and Ward (2) studied the 
reaction between barium sulfate and alumina between 100° 
and 1450° C. with satisfactory results. Newberry and Barre t 
(IJf) produced barium oxide by heat ing barium sulfate with 
magnesia a t 1500° C. Kharmandar 'yan and Brodovich (8) 
claimed to have obtained a small yield of 99.6 per cent barium 
chloride by chlorinating barytes a t 600° C. for 2 hours in the 
presence of the catalysts alumina and carbon. 

Still (15), while investigating, under the direction of the 
senior author, the chemistry of Farr 's process (4) for the manu
facture of finely divided barium sulfate by heating barytes 
with strong calcium chloride solutions, found that , under the 
conditions of high concentration of calcium chloride in 
aqueous solution and high temperature, the reaction 

BaCl2 + CaSO4 ^ = S BaSO4 + CaCI2 

might be reversed. In order to s tudy this reversion, it was 
necessary to remove the barium chloride formed from the 



reaction products in a non-ionized state. To accomplish tins, 
at the suggestion of Farr, Still used methanol to extract the 
barium chloride from the calcium sulfate formed. While the 
methanol used by this investigator was a poor solvent, it 
enabled this investigator to prove conclusively that the reac
tion was reversible. Recently Ipatieff and Freitag (?) re
ported the transformation of heavy spar into barium carbonate 
by beating under pressure with a sodium carbonate solution. 

Present Experiments 
In the investigation of the reaction, BaISQj + OaCU -̂ --

BaCU + CaSOt, it w âs first necessary to devise a means of 
separating the barium chloride formed from the calcium sul
fate present, in order to determine the extent to which the 
reaction approached completion. It was obvious that some 
inert organic solvent, or a system of organic solvents, must 
be used to dissolve the barium chloride from the reaction 
products and leave undissolved the calcium .sulfate. While 
it would be advantageous to find a solvent which would re
move only the barium chloride, any solvent, or mixture of 
solvents, which would remove the barium chloride and any 
excess calcium chloride present, leaving insoluble the calcium 
sulfate formed, was considered satisfactory. Ethylene glycol 
was found to be satisfactory, but as the amount of barium 
chloride in a given volume of ethylene glycol was increased, 
the solution became increasingly more viscous until a point 
was readied where the solution was too viscous for practical 
handling. The mobility of the solution of barium chloride in 
the glycol was raised materially, without affecting its dissolv
ing power beyond practical purposes, by diluting the ethylene 
glycol with three volumes of methanol. This mixture not 
only dissolved out the barium chloride, leaving calcium sulfate 
as an imoiubSe residue, but also dissolved any unrcacted 
calcium chloride used to carry out the reaction. 

Method of Analysis 
Using synthetic mixtures consisting of barium sulfate, cal

cium sulfate, calcium chloride, and barium chloride, these 
mixtures were extracted with the methanol-glycol solvent, and 
an aliquot of the clear extract was tested for the presence of the 
sulfate ion and analyzed for the percentage of barinrn chloride 
present. The best results were obtained when the method out
lined by Morse (10) was followed. An aliquot of the clear extract, 
equivalent to 0.2-0.3 gram of barium chloride, was dissolved in 
250 ce. of distilled water, 
(S drops of acetic acid 
(specific gravity, 1,065} 
were added, and the 
solution was heated to 
boiling. Fifteen cubic 
centimeters of a 10 per 
cent ammonium chro
ma t e s o l u t i o n were 
added dropwiwe, with 
constant stirring, and 
the solution was allowed 
to stand for at least one 
hour. The supernatant 
liquor was d e c a n t e d 
through a p r e p a r e d 
Gooch crucible, u s ing 
care to retain as much 
of the precipitate as 
possible in the beaker. 
Using a clean filter flask, 
20 cc. of hot nitric acid 
(5 per cent s o l u t i o n ) 
were poured through the 
Gooch crucible to dis
solve any barium chro
mate which had collected there, and the hot acid filtrate was 
poured into the beaker containing the barium chromate, which 
precipitate gradually went into solution. The filter flask was 
washed out with water into the original precipitating beaker, 
and the solution of barium nitrate was diluted to 250 ce. with 
dist ihed water. After heating the solution to just below the boil-

Mw 

In strong concentrated aqueous solu
tions it has been proved that calcium 
chloride decomposes barium sulfate, giving 
barium chloride and calcium sulfate. The 
discovery of this fact and the study of this 
reaction was possible only through the use 
of organic or non-ionizing solvents. In 
particular, ethylene glycol with the addi
tion of methanol is excellent for removing 
the barium and calcium chlorides from 
the reaction product. This process indi
cates a probable new commercial method 
for the making of barium chloride. 

ing J)OiHt, it wji,-; made slightly alkaline with ammonium hvdrox-
ide and then slightly acid with acetic aeid; 15 cc. of 10 per 
cent ammonium chromate solution were then added. The pre
cipitated solution was allowed to stand at least, one hour; the 
barium chromate was filtered into a weighed Gooch crucible, dried 
at 200° C. to constant weight,, and from the weight, of barium 
chromate found, the amount of barium chloride in the sample 
was calculated. The separation of barium and calcium ehromate* 
obtained by this procedure are as follows (in grams): 

Taken Found Taker 

Chemicals and Apparatus 
The barium sulfate employed for the data in Table 1 aad 

in the curves was of e. p. grade, prepared especially for x-ray 
work. Before use the samples were heated to redness in a 
platinum dish to drive off any moisture present, ground, and 
screened through a 50-mcsh screen. The calcium chloride was 

of the analytical reagent grade. The 
ethylene glycol and absolute metha
nol were also of c. i\ grade. 

The reactions were carried out in 
a DeKhotinsky constant-tempera
ture oven, constant within =*=!" C. 
This oven, shown in Figure } , waw 
specially equipped with motor-driven 
cylinders revolving at 20 r. p. in. 
The mixtures were sealed in heavy 
P y r e x bombs measuring approxi-
mately 6 X 0.75 inch in size (15.2 
X 1.9 cm.) and 50 cc. in volume. 
In carrying out an experiment, a 
glass rod 0.25 inch in diameter was 
put into each bomb after charging 
and before sealing, to insure good 
mixing of the reacting substances; 
this is most essential. The scaled 
bombs were revolved in a horizontal 
position at 20 r. p. in. throughout 
the reaction time. After the reac
tion had been allowed to proceed for a 
specified time at the desired tempera
ture, the bombs were r e m o v e d 
from the reaction oven, cooled to 

room temperature (30° C) , and opened, and the contents 
were washed into 4-ounce (0.12-liter) tincture bottles using 100 
ce. of the methanol-ethylene glycol solvent. The bottles and 
their contents were shaken mechanically on the machine shown 
in Figure 2 until all of the barium chloride and calcium chloride 
in the mixture had been dissolved. The bottles with their con-
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FIGURE 3. DECOMPOSITION OF BARIUM SULFATE WITH 
CALCIUM CHLORIDE AT VARIOUS TEMPERATURES 

tents were then analyzed for the percentage of barium chloride 
present in the reaction product. 

Procedure 

The reaction BaSO4 + CaCl2 ?=± BaCl2 +CaSO4 was 
experimentally studied at 100°, 125°, 150°, and 175° C. 
for periods of 3,6, and 12 hours. Three grams of barium sulfate 
were used in 4.5 grams of water for all mixtures, and the 
concentration of the calcium chloride solution was varied 
by varying the weight of calcium chloride added to each 
mixture. The time recorded for each decomposition represents 
the actual time the bomb remained in the reaction oven. AU 
experiments were run in duplicate. 

It was found by trial that all barium chloride and calcium 
chloride present in the reaction product was in solution in the 
methanol-glycol solvent within 2 hours when shaken mechani
cally. All samples were agitated for 2 hours on the mechanical 
shaker and allowed to settle for a few minutes, and then an 
aliquot of the clear supernatant liquid was taken, filtered 

through a dry Gooch by suction, and analyzed for barium 
chloride. 

The composition of the mixtures was as follows (in grams): 

BaSO4 
CaCl2 
HiO 
HsO/CaCh 

4.5 
0.75 

3 
5 
4 . 5 

0 . 9 0 

3 
4 
4.5 
1.125 

Conversion at 100°, 125°, 150°, and 175° C. 

Table I gives the experimental results obtained by averag
ing two closely agreeing duplicates when reacting mixtures 
A, B, and C at the temperatures and elapsed time indicated. 
These experiments were carried out in sealed tubes or bombs 
under continuous rotation. In a reaction of this kind it was 
found that efficient stirring was most essential. 

Figure 3 shows the results indicated in Table I when plotted. 
Figure 4 plots the conversion of the different mixtures against 
temperature; each curve represents a given mixture for a 
specified time and indicates how the conversion varies with 
increasing temperature. In all these curves the letters A, B, 
or C refer to the mixtures of the composition represented 
under A, B, or C given above. 

TABLE I. CONVERSION" OF BARIUM SULFATE TO BARIUM 
CHLORIDE 

Time Mixt. A Mixt. B Mixt. C Mixt. A Mixt. B Mixt. C 

Hours % % % % % % 
3 
6 

12 

37.16 
78.70 
88.43 

1 
2 
3 87.57 
6 89.42 

12 89.87 
° Conversion fo 
& 3.5-hour run. 

-At 100° C. 
1.47 
1.51 
7.17 

-At 150° C 

30'47 
49.67 
60.81 

* mixture C 

3.56 
4.13 
4.62 

was under 

. At 125° C -
80.82 6.015 
85.76 14.46 
89.88 37.64 

1.39 
1.55 
1.69 

86.88 22.14 
88.08 35.41 
88.51 52.336 4.65 
89.78 60.36 5.55 
92.73 70.03 5.73 

3.5 per cent even for 12 hours. 

Decompos i t i on of B a r i u m Sul fa te w i t h A q u e o u s 
Ca lc ium Chloride, w h e n Boi led a n d Evaporated 

to Dryness 

Three grams of barium sulfate, 5 grams of calcium chloride, 
and 6.75 grams of water were put into a 125-cc. Pyrex bottle 
and heated on a hot plate until all water was evaporated. 
The resulting mass was extracted with the methanol-ethylene 
glycol solvent and then analyzed for barium chloride. The 
results showed that 88.25 per cent of barium sulfate was 
converted to barium chloride. Following the same procedure 
but using theoretical amounts of barium sulfate and calcium 
chloride, the amount of conversion was found to be 73.55 per 
cent. 

D e c o m p o s i t i o n of B a r i u m Sul fate Fused 
w i t h Inorganic Sal ts 

Using the molecular ratios, fusions were made with barium 
sulfate and calcium chloride, barium sulfate and sodium 
chloride, barium sulfate and magnesium chloride, barium 
sulfate and aluminum chloride. After obtaining a clear fusion, 
when possible, the mass was cooled, extracted with the 
methanol-ethylene glycol solvent, and analyzed for barium 
chloride present. The results obtained are as follows: 

Mixture 

NaCl + BaSO* 
CaCU + BaSO* 
MeCIi-SHiO + BaSOi 
AlCl, + BaSO4 

Conversion of 
BaSOi to BaCIi 

% 
No reaction 

95.40 
37.30 
36.00 

Remarks 

Clear fusion 
Clear fusion 
Hard to fuse; not a clear fusion 
Very poor fusion 
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Commerc ia l 
Appl icat ion 

The decomposing ac
tion of calcium chloride 
so lu t ions on ground 
mineral barytes has been 
amply proved according 
to the procedures out
lined in the Farr patent 

U). 
The barium chloride formed, and any excess calcium chlo

ride used, are easily removed by the organic solvent. A semi-
commercial method for carrying out the described procedures 
for the manufacture of barium chloride is now under way. 
Solvents other than the methanol-ethylene glycol mixture 
will be investigated, as well as recoveries of solvents used. 
However, it is not anticipated that any great difficulty will 
be met in the recovery of the solvent. In the commercial 
application of this reaction there is also no great difficulty in 
separating the barium chloride and calcium chloride by aque
ous crystallization, especially when using only the small mo
lecular excess of calcium chloride needed when the mixture is 
heated sufficiently long to evaporate off all the water. This 
heating can be continued, if necessary, to incipient infusion. 

S u m m a r y 

The decomposition of barium sulfate with calcium chloride 
in aqueous solution was investigated at 100°, 125°, 150°, and 
175° C. varying the time up to 12 hours, using the following 
weight concentration ratios: 

6O 70 
CONVEBSION 

D E C O M P O S I T I O N O F B A R I U M S U L F A T E W I T H C A L C I U M 

C H L O R I D E F O R V A R I O U S P E R I O D S 

Mixture 
A 
B 
C 

BaSO1 

1 
1 
1 

CaCl1 

2 
1.67 
1.33 

H2O 
1.5 
1.5 
1.5 

Using the most concentrated mixture, A, conversions up to 
about 90 per cent were obtained even at 100° C , provided 
sufficient time (about 12 hours) was allowed to elapse. The 
most dilute mixture, C, gave conversions under 5 per cent. 
By fusing calcium chloride with barium sulfate, conversions 
up to 95 per cent resulted, 

Th i s work is being 
c o n t i n u e d , using inor
ganic salts to react with 
the barium sulfate. Also 
other barium compounds 
will be t r i e d . Similar 
work is well under way 
on analogous strontium 
salts under the direction 
of the senior a u t h o r . 
Patent application pro

tecting these processes is now on file with the United States 
Patent Office. 
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Composition of Nitrogenous Fertilizer 
Salts Sold in the American Market 

HENRY E. CUTTS, StiUwell and Gladding, Inc., New York, N. Y. 

E r 1 1 HE following compilation of analyses of 
_L nitrogenous fertilizer salts is offered as a 

contribution to assembled and recorded information concern
ing the more exact and detailed composition of fertilizer in
gredients as currently distributed in the American trade. 
Such information, of course, is fundamental to an under
standing of questions arising in fertilizer chemistry and tech
nology as well as in the agronomics of fertilizer use. 

Nitrogenous compounds, unlike potash salts, show a wide 
variation in the forms in which the nitrogen is present. The 
form is generally understood, but little information is readily 
available concerning the associated components. The value 
of such information can be appraised only in terms of the use 
to be made of it. 

The analyses here reported are "complete" in the sense 

that the constituents whose presence is suspected have been 
determined. The fact that the sum of these constituents 
approximates 100 per cent indicates that none of importance 
has been overlooked. The results are reported in the elemen
tal form, not only to conform with the official method of re
porting nitrogen but also to avoid the injection of uncertain
ties of interpretation. Since conventional combinations as 
acidic and basic radicals and their salts are generally under
stood, they are omitted as superfluous. 

The samples were secured through the esteemed collabora
tion of state agricultural chemists from those already collected 
during 1934, incidental to the routine sampling of fertilizers 
being offered for sale, under the appropriate state fertilizer 
control laws. 

Samples were sought of the six states—-Maryland, Virginia, 


