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Semi-works Development of a

Germenium Extraction Process .

General Considerations.

The existence of Germanium in the Zinec Sulvhide
ores of the Joplin, ¥o. district is generally known.
"The element, combined as the oxide GeOp is present to the
e#tent of approximately 0.0I% . This fact is of no
particular interest as far as the economical extraction
of the element 1is concerned, but in addition it is found
that during the process of refining of the zinec ore, in
the production of zinc oxide, the residue of zinc oxide
remaeining in the retortg contains Germanium Oxide to the
extent of approximately 0.24% o This fact is significant
in that it furnishes a source of the otherwise extremely
rare element in a comparstively concentrated form. Through
Dr. A. A. Noyes it was poséible to obtain two hundred
pounds of the crude zinec oxide from the New Jersey dine
Co. , this sample being used in the work described in
this paper. |

Purpose of Investigation.

In view if the fact that there had been little, 1if
any develorment of & method of obtaining Germaninum or its
compounds in any sppreciable gquantities, and also due to
the fact that a demand had been created for enough of

the element to carry on an extensive investigation of its

properties, the matter of large scale extraction was looked

into. ihe purpose of this work was therefor to attempt

i.



s development of a semi=works scale process ,whereby
' Germanium or one of its related compounds could be obtained

in a praeticalland economical manner from cerude zinc

- oxide.

Previous VWork .

Preliminary work on this problem was started by
Er. Phillip Clarke in Jenuary, 192%, and continued until
June of thet year. A thorough survey of the properties of
Germanium and its compounds wag made and previous methods
of extraction ifvestigated, followed by the develonment
of a more practical method of extraction appliceble to
large scale overation. The results of his investigations
appear in his thesis report : "The Extraction of Germanium
from Crude 4inc Oxide." “Glarke found that the ecrude: zine
oxide contained Germanium Uxide (GeOp) to the extent of
O.24% and arsenic oxide to approximately twice thet amount.
He points out that praetiéally 8ll methods of extraction
prior to his investigatioms, involved a distillation of the
dissolved germaniurm bearing substance, in which a
separation was made through the volatility of Germanium
Chloride. There were several modifications of this genersl
procedure, some separating the Germanium from the arsenic
and zine chlorides in the first step, by distillstion in
the presence of an oxidizing agent, under which conditions
the arsenie chloride was non volatile. Others, distilling
over hoth the Germzniur and arseniec in the first step, rely
on redistillation for separation. None of these methods

however, did away with the necessity of distiliing large



. quantities of an extremely corrosive liguid. The
disagvantages of such & distillation are manifest.

- A consideration of the fact that Germanium vas
recovered from the distillate in the above mentioned
distillations by precipitation with hydrogen sulphide
led Clarke to investigate the possibility of maeking the
first step in the process a precipitation of the dissolved
Germanium Oxide. This proved to be practically guantitative
the procedure being as follows =

10 gr. of the zinec oxide were dissolved in 30 c.c.
of eoncentrated Hydrochloric acid, heated to dissolve all
zine oxide and sallowed to cool to room temperature, lead
echloride separating out as needle=like crystals. The
solution was filtered and hydrogen sulphide vassed through
the clear filtraté. A yellow flocculent predipitate of
combined areenic and Germanium sulphides came down and was
recovered by filtration on ‘e Buechner funnel. This
precipitate was then dissolved by heating in a relatively
small amount of hydrochlorie acid, nitric acid added to
convert the arsenous sulphide to the non volatile arseniec
state. The mixture was distilled in a current of carbon
dioxide. Germanium chloride came over at about I20°C. and
was reprecipitated from the acid solution as white
Germanium Sulphide (GeSp) .

Although the procedure developed by Clarke seemed
muach more applicable to large scale work than the
distillation methods previously outlined, it had a serious

drswback in the fact that it neces:itated the handling



lof strong hydrochloric acid. He substituted sulphurie

acid ‘'of the same concentration, which gave equally good
results. The use of sulphuric acid instead of hydrochloric
was advantageous from a‘sfandpoint of cost as well as
relative corrosive gualities of the two acids.

The remainder of this paper will be taken up in &
presentation of the work done in the development of Clarks
procedure to & semi=-works scale, comprising both
laboratory and semi-works experiments.

Laboratory Developments.
(&) Determination of acid concentration

It was first recessary to determire the minimum
gquantities of 60%Be. sulphuric acid and water required for
a8 given amount of oxide, considering both solution of the
oxide and precipitation of the dissolved Cermanium. A4s
the oxide was readily soluble in acid, the amount of acid
was determined by the requirements for the precipitation
of Germanium. Accordingly, 10 gr. charges of the oxide

were dissolved in verying quantities of 60°Be. acid,mixed

with I00 c.c. of water, agitated to insure complete solution,

the precipitated lead sulphate allowed to settle and the
solution filtered. After cooling, hydrogen sulphide was
vassed through the filtrste until precipitation was
complete, & condition that was indicated by the absence of
further precipitation when gas was passed through the
filtrate from the original precipitation, or until there
was indicatioh that precipitation would not be complete.

The results showed that the most economicai mixture for
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‘complgte precipitation per I0 gr. of oxide was 25 c.c.
of 60°RBe. sﬁlphuric gcid and ICO c.c. water. Smaller
concentrationé of acid yielded & precipitate of the combined
sulphides that wae more or less colloidal in structure,
making filtration and recovery daifficult if not imposeible.
(v) Heat effects and their relation to
Precipitetion = llethods of Precipitation .

As the addition of acid to the oxide and water caused
a-very appreciable temperature risce , approximately 359C,
and , ae noted by Clsrke , the egolubility of Germanium
Sulphide increases very rapidly with irncreased temperature,
it wes necesssry to determine the maximunm temperature at
which precipitation would take place. The relation of
this date to largeascale{operation is obvious, as
precipitation at higher temperatures would eliminate the
necessity of cooling after the charge had been agitated
with scid. ©o obtain this date , &8s well as information
" as to methods of precipitation, 100 gr. of the oxide
were placed in a 2 liter battery jar, 1000 c.c. water
and 250 c.c. of 60°Be. sulphuric acid slowly sdded, the
mixture being agitated by means of a motor driven stirrer.
After I hour , sgitation was stopped and the solution
sllowed to stand. The lead sulphate settled out rapidly,
decantation yielding a clear liguid after four hours. The
clear liquid wes transferred to & 2 liter wide mouth
bottle , fitted with & mechanical stirring deviee that is
beét deseribed by reference to figure (I). :

A vertical shaft, fitted with a pulley (g} passes
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6.

' through a mercury filled, ges tightbearing (a). At.the

end of this rotating Shaft is connected a two armed -
stirrer made bf'glass tubing with openings at (b) and (a),
but sealed at (o). The liquid level is elightly aboee the
cross arms (h). On being rotated , liquid tyat is in the
lower part of the stirring arms is thrown outward by
centrifugel force, causing & flow of liquid upward and

out against the walls of the container at (d), at the same
time pulling liquid in at (b). This causes a circulation
of ligquid as well a® exposure of a large wetted surface.
Hydrogen sulphide ges from s Kipp generstor, passes in

at (e), air first being expelled through (f). This
appvaratus prooved to be very well adapted to precipitations
of this nsture. It elimigated the necessity of a hood to
carry away hydrogen sulphide , since the total amount of
gas utilized oonsisted only of that required for
precipitetion and to saturate the liquid.

A Ib c.c. sample (called #l) of the clear filtrate
was taken before precipitation in the 2 liter jar was
starfed, hydrogen sulphide passed through it until |
precﬁpitation wes complete and the liguid saturated
with gas. This was filtered and IO0c.c. of the 7iltrste
titrated with KiinO4 solution. 4t different stages in
the precipitation in the 2 liter jar , 1Y c.c. samples
vere taken, filtered , and I0c.c. portions titrated with
EMnO4. This afforded a means of observing the rate at
whiph saturetion was taking place, the extent of

precipitation at different time intervals and the extent



' of saturation when precipifation was complete. The ratio
of the amount of KlinOy reduced by IO c.c. of saturated
liquid to that reduced by any given sample indiceted the
.percentage gaturetion existing et that time. The extent

of precipitation was visgally estimated and was accordingly
only aporoximate. ==-= In this manner a number of
observetions were made with regard to the time reguired,
saturation effects and the rate and efficiency of stirring
énd agitation , as related to temperature . The resultse

of these runs are tebulated below , and graphically
represented on rage T7a,

(A) Precinitation at 20°C.

Semple Time of contact c.c.KinO4 % %
with HeS \ usged ~pption. saturation

I. 45 min. 40.70 100 100

2. 15 6.95 60 17

3. &0 ,13.80 9b 54

4. 45 i7.90 100 44

e 60 38.60 100 94

Remerks: Precipitation complete after 45 min. esgitation.
Solution 44% satureted .

(B) Precipitation at 359C.

Sample Time of contact c.c.KNMnOg % %o
with HoS used pption. saturation.
I. 45 min. 36.00 100 100
2. 30 8460 24
3. 45 | 12.00 53
4. 60 ' 19.00 50

5. 76 18.90 .50
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Remarks. Precipitatlon complete after I hr. agitation.
bolutlon bOﬁ gsaturated .
(C) Precipitation at 459C.

Semple  Time of comtaet e.c.KilnO, % %
withyﬂgs used pption. saturstion
1. 485 min. 36450 100 I00
R 30 9.40 26
- B 45 9.90 27
4. 60 I0.00 27.4
5. 75 10,70 29
6. i0b 20.10 bb

Remarkss Precipitetion was not complete at the end of
Ihr. 156 min. agitation . Saturatéon was 556% .

The results of thése runs were interpreted as
indieeting the fact that for sstisfactory precipitation
the temperature should be as much under 360C. as
possible. Above this tempé}ature proper coaguletion was
not obtaired. At lower tempersatures the precipitéte
settled out repidly, leaving & clear ligquid thaet could
be decanted off , and that gave no further evidence of
precipitation when subjected to contasct with hydrogen
sulphide. Another interesting fasct was that the liguid
did not have to be saturated.In fact , less than 50%
saturation was sufficient for complete precipitation.

(¢) Determination of Yield .
To deternine the yield of the process as

outlined , I00 gr. of the oxide were agitated with

1000 o.0. of water and 2b0c¢.c. 600Be. sulphuric acid,



Q.

a8 previously déscribed. The clear fiitrate was
transferred to the precipitating Jjar and agitated with
thé centrifugsal device until precipitation wes complete.
Wwhen the precipitate of the combined sulphides had
settled, the eléar 1iquid was decanted off end the
precipitate collected on a Buechner funnel. The precipitate
was weshed free from hydrogen sulphide with dilute scid
and dried in an oven at II50C., The filter cake was
removed from the paper and weighed. As this weight
represented the combined germanium and arsenic sulphide
tbtained from & 100 gr. sample , approximately one tenth
of tkis precipitste was welghed out and a quantitative
analysis made to determine the percentage of Germanium
sulphide in the combined precipitate, the guantitative
procedure conforming to that previously used in the
anglysis of a I0 gr. charge of the original zinc oxide.
The procedure , &s used by Clarke, is as follows :=

50 c.ec. of 68% HBr is added to the weiched sample
in & 100 e,c, distilling flask. Distillaetion is made
through e condenser and adapter into a 500 c.c. conienl
flask containing 10 c.c. of water into which the adapter
ie dipping. Distillation is continwed until the residue
is neerly solid and has & volume of 10«1b c.c. The
condenser is washed through with a minimum quantity of
fuming nitric acid , and fuming nitrie acid added to the
distillate slowly until all HBr is converted to Bry . This
is heated on a2 water bath until all Br2 is expelled and

then bolled to & small volume, avoiding the ceparstion
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" of germsnium ahd arsenic as oxides ir the strong nitrie
acid -solution. The liqﬁid ie transferred to a platinum
crucible anéd ﬁhe'evaporation finished on a water bath.

I-2 c.c. 0f hydrofluoriec acid are added, the oxides forming
a clear s8lightly colored solution which is evaporated to
a syrupy consistency. I10-15 drops of hydrofluoric acid are
added and ebout 25 drops of saturated potassium fluoride
solution and 2-3 c.c. 95% alechol to make precipitation
cémplete. Filtration is made dn a filter paper pulp in
a platinum .Gooch, washed with 95% alcohol until free
from potassium salts , and the crucible dried to constant
weight at I26°C. Increase in weight represents KpGeFg .

Three such runs were made , the results obtained

being as follwe :=

¥t. of combined Amt. taken Wt. Equivalent % Ge

AsoS; & GeSs for anelysis KoGekg amt. Ge0s Extr'n.
7293 gr. .0893 . 0563 .0222 74.0
.5956 1061 L0886  .0349 . 80.0
7302 L0712 .0430 .0I70 71.0

The fact that a more nearly guantitative recovery
was not realized may be attributed to several POBSim
bilities, the most probable being failure to make a clean
recovery of the combined precipitete. &s this loss would
necessarily be magnified in small gcale work it was not
considered improbeble that the sere procedure would give
an extrection of over ninety percent when applied on a
gsemi=works scsle. Other losses, such es partial colloidal

suspension of the precipitste and incomplete precipitation



. would no doubt meke up the remsining loss.
(a) Re-utilization of Acid .

From an eccnomic standpoint it was very important
to determine the extent to which  the sulphuric acid
in the process could bé used before it had to Dbe
removed from the process altogether, and replaced by
a fresh charge. The filtrate resulting when the
arsenic: and germanium sulphides had been removed differed
from the original solution of acid in these two respects:
decreased acid concentrstion and the presence of a
lerge asmount of dissolved zine sulphate . To put this
liguid back into the processs to dissolee more zinc
oxide, germanium snd srsenic , the acid concentration
could be brought pack to its original value by addition
of concentrated acid. Assuming that the presence of
dissolved zinc sulphate would not interfere with precipi=
tation with hydrogen sulphide , the number of times the
acid could utilized would therefor depend on the
solubility of zinc sulphate in the sulphurie acid.

A run wae made in which the filtrate, after the
removal of the combined sulphides, was used to treat a
second charge of oxide, enough acid being addied to bring
the scid concentration up to its original velue. Zrecipie
taetion was satisfactory in every respect , but at the
end of this run the filtrate was prectically saturated
with zinc sulphate , the crystels beooming evident when
the temperature was lowered to about 259C. Thie result

was compatible with date obtained on the solubility of

iI.
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. zinc sulphate ;n sulphuric acid and definitely

established the féct that at the end of the secténd run

the acid would have to be removed from the process,

néutralized, and the zinc sulphate recovered,
Semi=-works ‘Development .

It was decided to use, in the large scsalse runs,

& charge of b0 lbs. of zine oxide. Accordingly, e 100
gal. redwood tank, the dimensione of which are shown in
figure (2) was used, having been given two coats of
Biturin Asphselt paint. Mechanical agitastion was furnished
by meane of a wooden stirrer shown in the drawing,
rotated at approximetely 40 r.p.m.

50 lbs. of the oxide were weighed into the tank,
followed by 450 lbs. of water. With the mixture bveing
agitated 220 lbs.iof concentrated sulphuric acid
{spegr. I1.834) were slowly added and egitation continued
for two hours. During this step the temperature went to
60°C. The solution was allowed to stand twelve hours
gt the end of whieh time the lead sulphate had completely
settled out, leaving a clear liquid. During this time
the temperature had dropﬁed to 520C. 7The liquid was
transferred to a second 100 gal. tank by means of a
vertical, steam driven, Duriron pump. It was possible
to transfer epproximately ninety five percent of the
liquid before it began to come over cloudy, due to
agitation of the lead sulphate. Pumping was stopped at this
point and the remaining liwuid transferred, after being
sllowed to settle a second time., The lead sulphaste was

transferred to a small crock for future recovery.
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(”he tank into vhieh the filtrate was pumped was fitted
with = gas tight top the construction of which is
shown in figure (é) . This top contained a stuffing
bos, through which ran the vertical section of the
stirring device, which is also best described by
reference to the drawing, said deviee being made of

%" black iron pipe , coated inside and out with Asphsalt
paintf The stuffing box , or bearing, consisted of

a snugly fitting wooden collar, fitting into a counter-
sunk everture in the tank top, and held firmly ageinst
&8 packing consisting of gasket rubber, by means of two
vlates and bolts , as indiecated. The vertical section
of the stirrer wes attached to the rotating shaft and
roteted at approximately 126 r.p,m. 7This speed wes
sufficent to throw liquid against the rim of the tenk,
allowing the liquid to run down the inner walls.

bHydrogen sulphide gas was furnished by a generator

consisting of three two liter Jars, connected as shown
in figure ( 3) . (a) contained a leyer of broken
porcelain on top of which was vplaced irom sulphidse.
Bothe (b) and (c) ocontained dilute sulphuric acid, the
purpose of (¢) being to collect sediment and prevent

elogging of the generator jar (a) . Gas was passed into

the elosed tank at (A), air being first displaced through

(B). [(B) was then closed and agitation started, a
positive pressure being maintsined throughout the rub.

At intervals a samole was removed from the tank through

is.



" the opening (B) by means of a suetion lins, and the
condition of the 1iqu1d noted , with regard to
completeness bf'precipitation. At the end of I hrs.
.precipitation was complete , as indicated by rapid
settling of the precipitate and no further precipitation
when the filtrate was sub)ected to passage of a free
-ourrent of hydrogen sulphide.

' The liquid was allowed to stand twelve hours.
Filtration was then made by means of s Duriron pump and
a canvas filter leaf, built up on a frame of 4" lead
pipe. It was not intended to build up a cake én the
leaf, but to remove the large part of the liquid. When
this had been eccomplished , the precipitate , held in
suspension in s small aﬁount of acid was transferred to
a crock, and after being allowed to settle , more of the
clear liguid siphoned off. The combined precipitate
of areenic and germenium sﬂiphides wag finally
recovercd on & large Buechner funnel.

A second run was made, 50 lbs. of zinc oxide
being added to the filtrate from the first run. 68 lbs.
of acid were added to bring the acid concentration up
to ite originsl wvalue. The only difference in the two
rung lay in the fact that after the solution had been
subjected to precipltation and allowed to stand, zine
sulphate began to crystallize out. This in no way
interfered with results, but made recovery of the

combined sulphides more difficult.

14.
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Separation of Germanium from Aisenic .

- It was originelly planned to separate the Germanium
from the arsenic , in the combined precipitate, by
- distillation , regardless of the fact that it would
necessarily be a slow prbcess. Clarke had found, however,
thét the relative solubilities of arsenic and germenium
sulphidee , in acid , varied considerably with the
temperature. To such an extent ig faet, that when the
combined precipitate from :0 gr. of oxide in 25 c.c. of
I2 N acid was heated to between 80~95°C. and filtered,
e quantitative separation was made, germanium sulphide
being completely dissolved and no arsenic whatever
being carried through. This method of separation was
attempted on a large scale 4n the following manner :e

A large eveporating dish ( 45 om diam.) was filled
with I2 N acid and the combined precipitate added, being
stitred mechanically. The temperature was maintained st
95°C. and stirring continued for I hr. The hot
solution was filtered through a suction filter, with
asbestos as the filtering medium. The precipitate was
added to a fwesh charge of scid and the process repeated,
the filtrates from all the extractions being combined.
After four extractions the combined filtrates were
saturated with hydrogen sulphide at 25°C. A white
precipitate characteristic of germanium sulphide came
down , but on standing became slightly discolored,
indicating that separation had not been ecomplete.lf was

further evident , from the size of the precipitate, that



this method was not adapted to separation, due to the
extremely small emount of Germanium that was recovered
fiom each extraction.

Limitéd time prevented the separation by
distillation, work on’the problem being stopped at this
point,

The writer acknowledges his indebtedness to
Dr.Wm. N. Lacey, under whose supervision this work was
carried out, for many helpful suggeetions and personal
assistance.

Summary.
I. Large laboratory sca;e and semi-works scale
investigations have been carried on toward the develop-
ment of & commercial pfoceas for the extraction of
Germenium from crude zlne oxide.
2. The precivitation of arsenic and germanium by
hydrogen sulphide from sulphuric acid solution offers
a satisfactory method of concentrating a small smount
of Germanium present, s8¢0 that its recovery mey be
carricd out in small scale equipment.
3 A very satisfactory semi-works scale method was
developed, for saturating a liquid with a gas with
only small loss of the latter. This might proave
ggnerally eapplicable where noxious gases are being

handled in large scale experimental work.
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