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The aim of this investigation has teen to
select a prccess for the commercial production
of Barium hydrcxide frcm berytes, and to determine
the most favorable ccnditions for its operation.

Abstract of Eesults

The inertnes: of barytes has led to many ex-
periments and patents for its reduction. I3
was decided to effect the reduction of the bvarytes
in a cement kiin with carbon. The temperature
of the greatest yield with the least water in-
solutle material is between 1000°C and 1100°C
and with a minimum pericd of heatinz. The yield
is aout 87% of the original barytes. The re-
sulting BaS is gquenched with water zand ground to
80 mesh. The leaching is very quickly accomp-
lished and the temperature of the solution is
raised 80°C to bring more materizl into sclution.
The solution is then filtered, a theoreticszl
amount of CulC added znd the mixture boiled.
The resulting CuS is filtered off and CulC regen-
erated by roasting. The Ba(OH)5 solution is
evaporated down and the sclid precipitated

by cecoling. The material is in the form of
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History and Importance

Barytes is & natural sulfate of varium.
It usually appears associszsted with silica, lime
and iron, and is a very cheap source cf berium
compounde, costing mut £5--£10 per ton at the
mine and $26 per ton when floated and purified.
Extensive depcsits are found in Missouri and the
southern Arpalachian states and in England.

The problem cf reducing the barytes to the
sulfide has veen the subject of much investige-
tion since about 1210 as PaS and BalO were for-

merly used for desaccherizing molasses as Cal

S

is used in the Steffens process today. Cal has
recently superseded BaS and FaC due to i1ts lower

ctions

o

cost and almost ecual desaccharizing
It was formerly thcuzht that a soluticn cf

BaS if sufficiently cooled, would precipitate

=

vt

2 (CH); crystals. This theory was froven erro-

t

neous by Terres and Erilickner ' whe showed that

a dcuble salt Ba(SH) (0H)5H50 separated out when

1 7.E. 383 1--2¢ (1830)

A list of abireviations used in this report is
civen on page 20

1eat to drive off wll the water of crystallization.
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a BaS solution was ccoled. Thus a correct method
of obtaining Ba(CH)g from BaS must ve investigated.
Materials
The barytes used was the same as used by
paint manufacturers and averaged 91% pure, with
no iron or silica. The charcoal for the reduction
of the barytesAwas finely powdered as this was
found to greatly increase the yield of BaS.
Apparatus
As the first part of the experimental inves-
tigation (that of reducing the barytes to Bas)
was well covered in the litersture, it was thought
test to ccncentrate effort on the second part,
(that of convefting BaS into Ba(0H)z). No BaS
was found available so it was necessary to pre-
pare scme, nct for the purvose of obtaining the
greatest yield but merely to afford materizl to

work on. For this purpose a small scale furnace

was designed to handle about a three pound charze.
It was constructed of fire brick bound together
by high temwerature cement. Gas was used to fire
the furnace and a special type of burner equipped
with an electric fan blower was needed 4o attain

the 1000°C needed for the reduction of the Barytes.

The furnace was made just larze encuch to accomo-
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eguation,
BaS + HOH — Ba (SH) (0H)
as was established by Terres and Brlckner '.
The formation of this double salt and the sepa-
ration ocut of the same upon cooling the sclution
made it impossible to obtain Ba(OH); by this
method. As suggested 'y Darcet and Vogel (des-
cribed by Terres and BErfickner) the sulfur can be
removed from the solution dy toiling with finely
divided CuO.
Ba(8H) (0H) + Cu0=<=== Ba(0H)y + CuS
The Cu0 is regenerated merely by heating the
CuS above &30°C in contact with air.
dCuS + 30g ——=p 3Cu0 + 2504
Procedure
As mentiondd before the literature on the
suvject of the reduction of bharytes to the sul-
fide is voluminous and much time was swent on

going over it. It was thought wise to keesp a

Cf'\

file of the articles on analysis of barium com-
pounds as well as those on the reaction itself.

The bvibliography follows.

' Z7.,E. 88 1--24 (1920)
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M. Eerzberg C.A. 2 1887 (1808)
BaOg prevents the rsaction
Ba0 (63 === BaCo0g3
from going to the right.
C.B. Jacobs C.A. 2 23716 (1908)

A charge of BaCOz 40 parts and coking
coal 16 parts, finely powdered produces BaO
of exceptionally porous structure.

C. Rollin C.A. 8 1969 (19123)

Ba0 may be produced by heating Ba(0H)g
in a furnace on the floor of which is
Ba (N03) 3.

G.A. Barbieri C.A. 7 3019 (1913)

A charge of BEaS0y, 100 kilograms, Car-
bon 28 kilograms, and NagSOq4 7 kilograms,
heated in an electric furnace yielded BaS,
90.3%, BaO 3.8%, BagC 3.6%, and NagS 1.8%.
The water insoluble material amounted to
only 1.5%.

Chem. Fab. Cosweg (P) C.A. 7 2670 (1913)

BaCOS heated under reduced pressure
yields a very high percentaze of excepticnally

)

porous Bal.
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Saunders C.A. 8 3841 (1914)
In an electric arc furnace lined with PBaSO4
without the use of carbon, 75% of the BaSOy
was ccnverted into Bal.

BaS0y ==== Bal + S0y
Newkerry and H.N. Berrett C.A. 9 1374 (191%)

By mixing BaS O4 and BaO in equal pro-

portions and pulverizing till 9uw nasses
thru 100 mesh and heating and agitating the
same at 1460°C g high quality and good yield
of BaO is obtained. 805 and Oy are evolved
in the process. The BaO prevents the charge

to o sther.

F. De Forerand C.A. 3 6233 (1909)

Chr.

Ba(OH); 8HR0 is heated in & stream of
Hs and BaC is obtazined if the temperature is
kept above BCC°C. rhis article alsc gives
the thermo-chemistry of the oxide. (Abstac-
ted from A.C.P. 15 (8) 433-20 (1908)

C.A. B 2852 (1913)

BaS is highly poiscncus. A fatal dose
of BaClg is 10-15 gms. An investigation of
poiscning by barium salts.

A. Beringer C.A. 8 3170 (1913)

Soluble varium compounds may bLe pre-
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pared by igniting a misture of BaS04 and an
alumina and silica containing substance at
bright red heat. The bariums-aluminum-si-
licate thus formed is decomposable by acid.
Hofman and W. Wanjokow C.A. 7 30 (1913)
Abstracted from the B.A.I.M.E. 62 3889~
943, Curves arc plotted showing the disso-
ciation and decomposition temperatures cof
alkali darth metals when heated in a current

of dry air.

W. Hosttowitsch C.A. 5 841 (1911)

4 i

Pure BaSO4 heated for 15-30 winutes in
dry air remains unchanged up toc 1400°C.
First dissociation is noticeable at 1500°C.
At 1580°C it melts,. Deccmposition of BaSQ4
by 510z Tegins at 1000°C and feorms silicates.
FeO decomposes BaSO4 at 1000°C. FEeduction
of BaS804 by carhon uegins at 600°C and is
cocmplete by 820°C., CO bvesins to reduce
BaSQy at 850°C and completes the reduction
by 800°C. BaS remains unchanged =t 1 CC°C.
It loses some of its sulfur st 1300°C.
Sacher C.A. & 1465 (1913)

Analysis of BaS Ty precipitation with

enexcess of Pb(N0z),; and back titruting the
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Pb(N03) 5 with (NHg)zlioO4.
G. von Staszewski C. A. g 358 (1915)

BaS is obtuined by heating BaS0y in a
rotary furnace in the presence of hot fur-
nace gases vassing thru the furnace in the
same direction as the charge. The tenper-
ature is maintained at 900°C. The CO is
burnt and returned tc¢ the furnace,

I.L. Marino C.A. 7 3302 (1913)

Abstracted from G.C.I. 43-416. in
eleotric rotary furnace is described which
makes use of water gas and illuminating gas
for the reduction of BaS0, at 535°C. The
gas enters at the exit end and a yield of
95-98% is claimed.

W.E. Prisk and H.R. Harriscn C.A. 13 983 (1918)

BaS is purified Ty filtering its solu-
tion thru successive layers of inQ3 and
granulated CaCOg.

J. Waddell C.A. 13 1445 (1918)
Barium can be volumetrically determined

by means o¢f EaCrOg and XI. (Also sce C.A.

14 2314, 14 3613 for similar methoeds).
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G.¥. Adhikari et. al. C.A. 17 1535 (1933)
Details and precautions for reducing
BaS04 are set forth.
U. 2 177
BaS04 is reduced with coke and the
resulting BaS is heated in an electric fur-
nace with more BaS0, to obtain the oxide.
4BaS04 + 4C ——> BaS + 3Baf04 + 4C0
BaS + 3BaS0y -———>— 4Bal + 4S80,
Abstracted from J.C.I. 81-391 (1903)
W. 1 442 (014 Ed.)
Add EaS'to hot water, filter and add
Cul or Zn0 to decmmpose the.BaS. Evaporate
the material to dryness and heat to red heat
to olLtain Ba(OH)g3. Heating Ba(OH)g in a
stream of air produces B20 and H;0. Bal is
also formed by heating BaS0, ,in the presence
of steam. (See P. 55-415.)

1 548 (Yew EQ.)

=1

BaB8 is prepared Ly heating 170 paris
of BaS0, with B0 parts of ccal slack or
charcoal. An admixture of resin oil or
sawdust is advantazecus as 1s asphelt from

zas works for hydrozen containing products



H
©
52
®
=k
f)
|

prevent the formztion of polysulfides.
The zddition of common salt aids fusicn of

the BaSCy. A charge of the follewing com-

e

position heated in & reverberztory furnace
gave geod results; 1CO parts BaSQy, 300
parts NalCl, and 15 parts cof charcosal.

The analyticzl methods for determining

sulfur found were:

(1) Determinztion With PbAcg--After
Treadwell. ’
(8) Determination by oxidizing € to

S04 *y means of Hz03.

(3) Volumetric determination by titra-
tion with HC1l usiny phenclphthalein
and methyl orange as indicators.

(4) Volumetric determination using
Iodine.

(a) This method is not very ac-
curate due to the loss of HgS
from the diluted scluticn.

It is wver

<

easily seen that the problem
resclves itself into two minor problens,

the first that of reducing the barytes to the
ide and the subsequent ccnversicn cf the

sulfide to the hydroxide.
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Preliminary Work

Some trouble was experienced in ana-
lyzirng the barytes. It was thcught best to
follew the method of Toch ', who advises
fusing one gram cf the sample with five
grams c¢f anhydrous NagGOs. This was carried
out in a porcelain crucible. After fusing
the sample was leached, until it disinte-
grated, with 170 c.c. of water and then

filtered. The recidue of BaCOS was washed

o

n

o

385 c.c. of HC1 (1:3) added. After boil-
ing teo remove the CO5 and neutralizing with
NH4CH and then making sli.htly acid with

HNOz, dilute H,804 was udded to pr

4]

civitate

g

the barium. The BaSO4 was then determined
in a Geoch crucible. As the hich heat (from
a blast lamp) cracked cne crucible and the
two other determinations gave discordant
results, (differing 17%) i4 was decided to
use z nickel crucivle. Lezd in the sampl
was determined as 1t has a danmaging effect

i .

on toth nickel and platinum and amcunted to

.

Chemistry and Technology of Paints P 314
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5 5 et . s -
raried O%. Using a platinum crucitle the sampnle
was found to ccntain 91% BaSOi with determination

varying less than 1%. Ho ircn or silica was

found present, the 9% being proha®ly BaCO

'S

[

this has no effect cn the prccess further analyzing
was thought unwarranted.

The barytes was reduced in the furnuce de-
scribed. A wmix of 10 pounds of tarytes and 1.58
pcunds of powdered charccal (after prcervortions
of Wells) su”ficed for three charres, which were
hegted =t 100C°C for one hour znd forty-five
minutes. The yield was about 80%,

Exverinental

Scme cf the FaS was dried and run thru the
pulverizer. It was found that the heat generated
in the pulverizing oxidized akout 50% of the BaS
back to BaSOg. Inasmuch as the Bad 1s guenched
in water (or Ba(OH)s solution from the fidal

Crys allization) it is more convenient to pul-
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oxides as Cul or ZnO wvhich give inscluble sulfides

i

as first
(r

a hot saturated soluticn -herety bvarium precipitates

advanced by Darcet =nd Vogel.

~

T
4

Al

) Py driving out HyS

2.8 EaCO3 and is changed to Bal by heating.

Tests made by Terres and Brdckner showed that
desulfurization with Cul0 is complete and rezscts
in molecular proportions. This method was chosen
for the desulfurization of the Ba(SH) (0H) beczuse
it was simpler an? had no difficultly handled
gases in the reactions. On titrating, the secluticn

o)
L

rst

e

prepared in the laboratory with HCl using

pheriolphthalein and then llethyl orange =28 indicatérs
to obtain the OH and SH concentrations respec-
tively, it was found that they occurred in exactly

equal gquantities.

3

The firs® exveriment consisted in hoiling

It

10 c.c. of scluticn and .339 gms. Cu0 (finely

powdered) for 30 minutes. The sclubion was then

s
ct

iltered and titrated. It was found to centalin
less than 1.5% SH.

2

200 c.c. of soluticn was treated in a similar

2

way, the %ime required beirng 30 minutes. Here
less *han 2.5% SH remained.

Aniother 270 c.c. samnle was treated in the
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aoove manner and the filtrate evaporated almost
to dryness. The Ba(OH); obtained was very pure
and contained less than .R34% SH,

Experiments with the leaching of the BaS
showed that it took place very rapidly thus in-
dicating that the process would not ve held up
appreciebly for the leaching operation.

There was quite a tendency for Ba.CO3 to form
on the surface of the barium solutions while work-
ing with them. However in cormercial apparatus
the access of air would not be so free and this
trouble would not e so bothersome.

It is important to note the effect of iron
on the refuction of barytes. Comcarative tests
macde by Wells gave the following results:

Percent of Total Barium in Compounds
(Average of 4 tests.)

Water “"Acid Acid
Material Soluble Soluble Inscluble
Pure BaSO4 80 10 10
BaS0, with 6% Fe 63 17 15

This indicates %that the presence of ircn
in the Barytes reduce¢s the amount of BaS formed
materially. Cconsequently this impurity is to be

avoided if possible.
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Conclusions

esulfurization

QJ

It is quite apparent that the
of Ba(SH)(CH) can bte accomplished on a commercial
scale vy CuO. It nov remains toc choose the
method of reducing the barytes to the sulfide.

Many electric arc and electric furnsce processes
are prominent in the literature znd are gruerently
successful. However the high cost of electrical
power expecially in this part of the country
practically prohibits the use of these processes.
The very theroush investigation of the reduction
of barytes Ly A.E. Wells ' zives many possibilities.
Prohualbly the most practical method investigated
was thet using a cement kiln. This was 13 feet
long and 10 inches inside diameter. The number

of revolutions was 1.15 ver minute. The hot

gases enter at the exit end. mhe temperature is
maintaired at 1050°C. The ratic cof pulverized
coke to varytes is .15 an? the rate of charge is

12.1 pounds per hcur. The gas vonsumption is

N

5.6 cuhic feet per minute. With these conilitiocns
3 yield of 877 water-soluble barium compounds was

obtained.

voJ.I.m.c. 8 778 (1918)
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Recommendstions

The barytes and coke mixed in proper pro-
rtions can be pulverized in a small Hardinge
Hill.

The cenent kiln type of furnace scems to e
sulted very well to the reductiocn reaction.

The stack geses coming from the
about 450°C can e used to roast the CuS in a
muffle furnace to regenerate Cul for the desul-
furization rezction.

The quenched Baf should be pulverized wet

in & Hardinge ilill and then leached in a system

o]

f fanks employing perallel flow of Hy0 (or Ba(0H)j5)

and the BaS. This may ve zccomplished by rieans
of connecting vats into which the discharze of

Baf is rotated. The solution should be at abeout

ondition

[63]

80°C for best leaching

3
Q

1

The Cul an? Baef soluticn are introiuced into

™

a reaction chamber and ar. agitated “y means of

air and the mixture heated for 3C winutes by in-

st

o3
H.
+
@
(¢}
ct

)]
6]
¢ 5

8 .
A filtration is now necessary to obtain the

purest Ba(OH)g and probably a rotary filter would

be test for this kind of precipitzte,
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salting cut evaporator

¢d to remove excess

34
fo

veing centrifu

are then washed and dried ™y means

drier of =a humidity type

Suggestions Regarding
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then taken down zlmost to

, the crystals

soclution. They

of =z turnnel

Supplementary Investization

The interesting protlem remains of changing
the Ea(CH)38H;0 Accor?ing to 0. Bauer

the change from Ba(CH 28,0 to

effected wy boiling the scluticn of
melting crystals of Ba(OH)muhzo at

are converted intc Be (CF

)BH B
(OH

8"
OH). is

latter at dark red heat Ba 5
cbtain BaO it is necessary to heat
clear white heat These reactions

carrying them cut should prove

ercial probilem.

The eccnomic aspect of the cro
gffer fruitful field of research,.

vefore conmerc
in tvo forms, 1.

mirnes,

(O{

iwl Barytes s vffered

purified

HgO is
Ba (07 e
el (U{>2' oy
120°C they

heating the

obtained, To

n 2hculd

mentioned

L



The cost of the ore =%t the mine is from &5 to $10
per ton ac-ording to the purity, rhile the floated
material costs arcund $s€ gper ton. If the materisl
as 1t comes frcm the rines dces not centain an

exceseive zmount of detrimzntal iron it is very

(w

)
.

possitle that this form would te used, thus re-
ducing the dost of materials greatly. If tcc much
iron were found present it might te possible tc
zive the ore a simple preliminary treatment to
render it av:=ilable for the process.

Baryte Ore(at minc) §8 per ton £.004 per pound

Flocated Barvtes 0118 per pound
Ba (0H) ;81150 045 per pound
Coke Dreeze ¢6 per ton  .0C3 per pound

Using the ore as it comes from the mine the
cost of materizls would “e only §.0038 per pound
of Ba(OY)ZSH 0 produced, whereas the market price
of the product is $.045 per pound.
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Z.A.C.=~Zeitschrift flr Ancrpanishe Chemie
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