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INTROLDUCTION,

The chief source of tungsten at the present time is
wolframite which is a tungstate of manganese and iron., It
«is fouﬁd in numerous portions of the earth's surface and
the various deposits have been more or less éompietely

exploited. In fecent years deposits of scheeclite, a
tungstate of calcium, have been discovered in several
countries. In the United States the largest deposits
are found in California and Arizona, but tﬁese have not

yet been worked to any extent,

Whatever the ore, the first step in the manufacture
of tungsten, after the concentration of the raw ore, is
the“formation of tungstic acid, The metel is then ob-
tained by dehydration énd reduction of the asecid. Whereas
the complete reduction of the scid with carbon is a
cbmparativly simple process, the preparation of the acid
from the ores presents numerous difficulties which have
to be o#é&come before any method can be used commercially.
The methods now being used are of three generel tynes,-
decomposition of the ore by acid treatment, by intefaction
with csustic alkali, or by fusion with soda ash. The
deseriptions of these methods which are found in the 1lit-
erature, are of a general nature, as the processes are all

patented. They deal almost wholly with wolframite.



, The object of this research was to develop an indus-
trial method for the preparation of Tuncstie acid from

Scheelite.

BXPERINAENTAL PART

2.

The scheelite used in this investigation was a sample

of concentrates from Arizona., 4nalysis gave the follow-

ing results:

Loss on Ignition 0.33 per cent
Insoluble residue ' 19.28 " o
Tungstic Oxide (WOgz) 55,10 ™ "

Iron (Feg0z) Alumina (A1303) 2.85 " n

Caleium (Ca0) 20,12 " "
Magnesium (Mgo) Trace
97,70

The sample for snalysis was decomposed by répeated
evaporation with hydrochloric acid and nitfic acids.
The wndstermined constituents and experimentalﬁerror
amounted to 2.3%. A content of 55.10% tungstic aeid
(WO3) corresponds to 43.7% tunssten (W), 59.4% tungstic
acid (H2WOL) and 68.5% calcium tungstate (CaWO4). Pure
Scheelite contsins 80.67% tungstic Oxide (W0Z) and 19.4%
lime (Ca0) |

A number of preliminary tests were first made to

determine which of the three genaial methods was best



Se
for decomposing the scheelite. Concentrated hydroehloriec
acid attacked the ore only after long boiling, The pre-
‘cipitate of tungstiec acid seemed to have an appereﬁt

~gpecifie gravity, less than that of the undecomposed

material, but complete separation of the two was difficult.

Boiling with caustic solutions as strong as 50% NaOH

under atmospheric pressure, did not decompose the’Sample{

to any appreciable extent,

Pusion of the scheelite with soda ash seemed to be the
most promiéing, and hence it was decided to»confine‘ex-

& .
perimentation to the development of this method.

The procedure consisted of fusing the intimately mixed
ore and flux material contained in a firealey crucible in
a smell gas-fired furnace., The melt was 1ixiviafed'with
woter, the insoluble residue filtered off,vthe clear
filtrate cpncentrated somewhat by evaporation, aﬁh the
tungstic acid precipitated by pouring fhe hot solution
into boiling hydrochloric ascid. The scid vas filteread
off, washed with hot dilute acid (washing with water
alpne qpnﬁétts some of the seid into the colloidal form

which goes through the filter) and the tungstic acid dried

to constan®¥ weight at 110°C.

It was found that best yislds couid be obtained when
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4.

the molten mix was poured directly into water. This

could, however, be successfully done only within & nsrrow
ranze of conditions. The precipitation of the tungstic
acid was not complete, but thet remeining in solution
could be recovered by neutralizing the sciad fiifrate with
caustic soda, filtering off the precipitate of iron and
alumina, and precipitating a second time by pouring into

hot hydréchloric acid.

Complete decomposition of the scheelite by fusion
was not obtained. The residue remaining after lixiviat-
ion alwéys contained tungstén, about one third bf which
could be recovered as -tungstic acid by trestment with
hydrochloriec acid, dissolving out the precipitaﬁed
tunestic scid with ammonis and reprecipitating with

hydrochloric acid.

In none of the reactions where hydrochloric a01d
was used could sulfurle acid be satlbfactorlly sub-

stituted.

The average yield from the more successful runs
was 50% tungstic scid and as the scheslite contained
59.4%, the recovery was thus about 85%. The actusl
data on proportions of mix, time of- fusion, ete., are

given in the appended table at the end of the thesis.



OUTLINE OF THE PROCESS.

The fbllowing procedure is recommended:

1. Mix 100 parts of finely groundvseheelite with
60 parts of soda ash, and fuse the mixture for an hour
at about 800°C.

2.»Pour the molten mass into water and héat.to
'boiling with constant stirring.

3. Allow the ingoluble residus to settlé anad pour
off the clear solutiom, -

4, Evaporate the solufion from (3) until the con-
centration of the sodium tungstate is about 20%.

5. Pour the hot concentrated solution into 114 1bs.
of hot ﬁﬁriatic acid and Boil for 15 minutes.

6., Allow the precipitated tungstic acid to éettle,
pour off the acid liquor. 7

7. Wash with hot water containing a trace 6f muriastic
acid, filter and dry.

8. Neutralize the acid liquor from (6) with solid
caustic soda, boil and filter from any precipitate which
may form. o

9. Pour the filtrate into 50 lbs, muriatic scid and
proceed as in (6) and (7). | J

10, Wash the insoluble residue from (3) with hot
water. These washings are used for lixiviation in (2).
11. Decompose the residue by ;;;gégg with 125 lbs.

murietic sacid.



12, Allow the tungstic acid and residue %o settle,
pour off the liquid and wash.,

13. Dissolve out the tungstic =cid with 4.65 1bs.
ammonia and filter from the insoluble material.

14, Pour the ammoniscal filtrate into 20 1bs. -

muriatic acid and proceed as in (6) and (7).
COST DATA.

The cost of the materials used and value of the
tungstic acid obtained was calculated.on the bésis of
100 1bs. scheéiite and on current quotationé; The
varlous guantities are 1temized separately to show the
amounts usad in the successive steps in the process.
100 lbs.Scheelite

@ 2.25 perunit .....256.,50

60 lbs.Sods ash
@ 1.25 per ewte..... 0,75

114 lbs.Muriatic acid 41 1bs,Tungstic Acid

- @ 0,80 per cwt....., 0,90 @ 1.25 per 1lb...51l.25
27.15 |

16 lbs.Camstic soda
@ 3.50 per cwti... 0.55

3.5 lbs,Tungstic Acid

50 1bS.muriatiC acid O.4O ¢ 8 s s s e e 4.55
0,95

125 lbs. muriatic acid 1.00

4,65 lbs.,ammonis ‘

@ .06% per 1b. 0.30 44 1bs, Tungstiec Aecid

20 lbs.muriatic aecid 0.15 ) cecssecse . D00

1.45 $61.10
29.45 -

Value of product over and,.... 31.65
ebove cost cf materials 61.10



7.

The balanée shown above does not, of course, represent
8 net balance in fevor of the process. To the cost of
materials as shown sbove would have to be'added the cost
of fuel and labor for the various operations, the dep-
recigtion of the apparatus and the interest on the orig-
‘inal in&estment. ,Sinqe the scale on whicch the experiments
have been so far carried out, does not warrant an estimete
of these items, further investigation remains to,bé done
before the manufacture of tungstic ascid froﬁ scheélite

could be undertaken on a commercial basis,
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