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Unit 17 tungsten metallurgy
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I\ New words and expressions Unit 17

tungsten n /'tapston/ £

tungstate n /'tan,stet/ $3f8 5

molybdenum n / mo'libdonom / £H

molybdate n / mo'libdert / £H 2 &b

devourer n / di'vauo/ &WEHE

catalyst n /'keetolist/ fHE4L7

superalloy n /,supa'zloi/ mn'?'l/m\/i\, MR A
cemented carbide n T i &4

inorganic pigment n JoALER}

lubricant n /'lubrikent/ JE & 77
ferromagnetism n /,ferov'maegnoatizom/ kR4
wolframite n /'wolfrom art / 4345580, HASH"
scheelite n /'filatt / S3/450, HESH
Hacksaw £ 4/ ['haekso]




I\ New words and expressions Unit 17

e comminution [,kama'njufon] A

e qgrind vt /gramd / EEWE

o vibratory screen n ['vaibra,toori] &3/
e sodium hydroxide n &% k4N

e sodium carbonate n k4N

 autoclave n /o:ta(v)klerv/ =52

o alkaline digestion n / '&lko'lam/ / dar'dzestfon/ W77 i
o affinity n /o'finoti/ SEF17)

* ion exchange resin n &1 i g

o effluent adj /'eflvont/ i Hi K]

e stripping agent n fEMF, AT

e regenerate vt 4

e precipitation n /prr'sipo'tefon/ YT IE




I\ New words and expressions Unit 17

o volatilize vt /'valotl,arz/ fH#E &

 mother liquor n BE

o filtration n i jE

e deionized water n /di:'arenarzid/ % B 17K

« stoichiometric adj /s’torkr'omutrik/ 4 2% & )
e thiomolybdate n /fismali:b'dert/ FRACEHELZh
e ammonium n /o'movniom/ £

e paratungstate n /para'tagstert/ PSR L

e ammonium paratungstate n /o'mounjom paera’tanstert/ {1 ES R
e precursor n /pri:'ks:rsor/ HIIRAA

e crystallize vt /'kristolarz/ {5 45 /iy

e intermediate n / mtor mi:diat/ T [E]4)
 metatungstate n /metatans'tert/ JRESFR h




I\ Language points Unit 17

o KA i
. HATA




m outline Unit 17




m flowsheet Unit 17
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m flowsheet Unit 17
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Fig. 17-1 Flowsheet of modern tungsten hydrometallurgy



01 \§ Part one: tungsten introduction Unit 17

Tungsten property

» Tungsten is a metallic transition element. Its position in the
Periodic Table is characterized by period 6, group 6, atomic
number 74, average relative atomic mass 183.85.

» Pure tungsten is a light gray or whitish metal that is soft
enough to be cut with a hacksaw and ductile enough to be
drawn into wire or extruded into various shapes.

» |If contaminated with other materials, tungsten becomes brittle
and difficult to work with.



01 \§ Part one: tungsten introduction Unit 17

Tungsten property

® Tungsten has the highest melting point(3422° C) of all metallic
elements and a high density (19.3 grams per cubic centimeter)
near to that of gold.

® Tungsten can be considered as a rather inert metal, which is
resistant to many elements and compounds. It is compatible with
most ceramics and glasses up to high temperatures and shows
good resistance to many molten metals. Tungsten is stable to
mineral acids in the cold and is only slightly attacked at higher

temperatures
Compatible: 3t %5 )
Mineral acid: TCHLER
Attack: JEh, R (v,n)
M2 REE TR, BiIEZE £l T passive film



MPart one: tungsten introduction Unit 17 .

Tungsten use

e Tungsten Is a metal with a wide range of uses, the largest of which
IS as tungsten carbide In cemented carbides. Cemented carbides
(also called hardmetals) are wear-resistant materials used by the
metalworking, mining, and construction industries. Tungsten metal
wires, electrodes, and/or contacts fili=kare consumed in lighting,

electronic, electrical, heating, and welding applications.



MPart one: tungsten introduction Unit 17 .

Tungsten use

o Other applications of tungsten are to make heavy metal
alloys for armaments, heat sinksii# )}, and high-density
applications, such as weightsfizfih and counterweights#f¢,
superalloys for turbine blades, tool steels, and wear-resistant
alloy parts and coatings.

e Tungsten composites are also a substitute for lead in bullets
and shot—7- 55 A0 1y 55,

* Tungsten chemical compounds are used in catalysts,
Inorganic pigments, and high-temperature lubricants.
Tungsten disulfide (WS,) Is a dry lubricant that can resist
temperatures as high as 500° C.



m Part two: introduction of ore Unit 17

Tungsten occurrence

Tungsten minerals that occur in sufficient abundance to be of
economic significance can be divided into the wolframite and
scheelite groups.

The majority of tungsten deposits only contains some tenths of a
percent of WO,. On the other hand, ore concentrates in
International trading require 65-75% WO,.

Therefore, a very high amount of gangue material must be
separated. Companies which process their own concentrates
produce low-grade concentrates(6-40% WO,) in order to
minimize the loss of tungsten minerals which increases with
Increasing concentration grade.

some tenths of a percent T2 J 1
TN



m Part two: introduction of ore Unit 17

occurrence

 In regard to the beneficiation of ore, the
positive properties of tungsten minerals are the
high specific gravity(scheelite and wolframite)
and ferromagnetism(wolframite). A negative
property Is their brittleness, leading to a partial
loss by too fine particles formed during the

disintegration steps. B B B



m Part two: introduction of ore Unit 17

Ore beneficlation

e Ore beneficiation consists of two main steps: comminution and
concentration. Comminution s first performed by crushing.
Equipment in use comprises jaw, cone, or impact crushers/f =
working mostly in closed circuits with vibratory screens.

e The second step in comminution is grinding, which is undertaken in
rod or ball mills working in closed circuits with classifiers72 .
For concentration(separation of gangue minerals) several methods
can be applied, depending mainly on the composition of the ore. They
Include ore sorting, gravity methods, flotation, magnetic, and
electrostatic separation.



EER\ Part three: tungsten recovery Unit 17

Hydrometallurgy of tungsten

e 3.1 Grinding of Ore concentrates

— Flotation-derived concentrates In most cases are fine
enough to provide a complete dissolution during digestion.

— In contrast, concentrates prepared by gravity procedures are
much too coarse and must be disintegrated 2% by grinding
In ball mills. Particle size plays a crucial role, especially in
wolframite  digestion.  Mostly<325mesh(44um) is
recommended and seldom<200mesh. For scheelite,
<200mesh is sufficient.



m Part three: tungsten recovery Unit 17

digestion

— The aim of this step Is to dissolve WO, or the tungstates
and convert them into water-soluble sodium tungstate.
Besides, a partial or total separation of gangue minerals can
be achieved, depending on the type of compounds present.

— Raw materials consisting of fine grains can be treated by
agueous solutions of sodium hydroxide or sodium
carbonate. The latter is more selective(it does not dissolve
so much of gangue minerals) compared to sodium
hydroxide.

— The usual equipment for pressure digestion consists of
horizontal roll autoclaves or vertical autoclaves equipped
with a stirrer. Heating is performed by steam jacket.



EER\ Part three: tungsten recovery Unit 17

3.3 lon Exchange Technology in Processing
Sodium Tungstate

 As a result of alkaline digestion, the raw sodium tungstate
solution is formed. Impurity elements like Mo, P, As, and Si are
also partly dissolved by alkaline, which must be removed. In
the 1on exchange process, 1ons with higher affinity to the resin
can replace those with lower affinity. A strong basic anion
exchange resin(type 201°X7) is used. There are several anions
like WO,%, MoO,*>, AsO,*, PO,*, SiO;>,OH-etc. in the
sodium tungstate solution. The affinities of these ions can be
arranged in a decreasing series:

WO,>=M00,*>As0,3>P0*>Si0,>>CI>0H-



EER\ Part three: tungsten recovery Unit 17

lon exchange

« Normally, the raw sodium tungstate solution after
NaOH digestion contains 200g WO,/L, which is too
high for 1on exchange process and must be diluted to a
lower concentration with 20-25g WO,/L.

e The ion exchange capacity decreases with increasing
WO, concentration. Anions with higher affinities than
Cl- can be adsorbed by the resin as follows:

(R4;N),Anion+WO,> — (R,N),WO,+Anion?-



EER\ Part three: tungsten recovery Unit 17

lon exchange

« During the early stage of adsorption, all ions with
higher affinities than that of Cl- can be adsorbed on
the resin. However, when the diluted tungstate
solution continuously passes through the ion
exchange column, anions with smaller affinities,
adsorbed already on the resin, are replaced by
tungstate and removed by effluent solution, as
described by the following equation:

(R4;N),Anion+WQO,* — (R,N),WO,+Anion*



m Part three: tungsten recovery Unit 17

lon exchange

e jon exchange technology is not only used for
purification of the tungstate solution, but also
for converting it into ammonium tungstate
solution. The conversion is done while
stripping the tungstate from the loaded resin,
using ammonium salts as stripping agents. It is
seen that ammonium chloride is the most
suitable agent. In addition, it regenerates the
resin to the desired form:



FER\ Part three: tungsten recovery Unit 17

3.4 Separation of Molybdenum

A process for separating molybdate from tungstate using ion
exchange was patented in China and used in commercially to
produce APT of high purity.

« An ammonium tungstate solution containing Mo as the main
Impurity element is purified by a single ion exchange technique.

o After pH adjustment, (NH,),S is added to convert molybdate into
thiomolybdate. The solution passes a column of strongly basic anion
exchange resin(type D201). Thiomolybdate is adsorbed and the
effluent contains the tungstate purified from Mo. In order to
regenerate the anion exchange resin, a solution of an oxidizer is used
to desorb the thiomolybdate.

* The original Mo/WO, concentration ratio in the feed solution of
0.06-0.84% decreases to 0.001-0.0015% in the effluent. The
recovery of the operation is better than 99%.



EER\ Part three: tungsten recovery Unit 17

3.5 Ammonium Paratungstate Crystallization

 The purified ammonium tungstate solution is evaporated,
whereby ammonia and water are volatilized.

e The ammonia concentration in the mother liguor decreases(pH
drop) and at the same time the WO, concentration increases.
Paratungstate [H,W,,0,,]' is formed whose ammonium salt
has low solubility. Crystallization of (NH,),,H,W,0,,-4H,0
IS the result. The degree of evaporation depends on the purity
of the feed solution and the required purity of the APT. Usually,
If proper purification was performed in the foregoing steps it
ranges somewhere between 90 and 99%.



EER\ Part three: tungsten recovery Unit 17

3.5 Ammonium Paratungstate Crystallization

e The physical properties of the crystallized APT can be influenced by
crystallization conditions to some extent. They are of importance for
further processing to metal powder by hydrogen reduction.

 The crystallization is not only a conversion of the dissolved to the
solid salt, but the last purification step in the hydrometallurgical
process.

e Most of the impurity elements still present in the process solution,
have much higher solubility than APT and are consequently
enriched in the mother liquor. The crystal slurry is separated from
the mother liquor by filtration and washing with deionized water.
Filtrate and wash water are recycled and, finally, the APT is dried.



m Part four: APT Unit 17

4 APT - A intermediate for tungsten products

 Today, APT Is the most Important and almost
exclusively used precursor for tungsten products.
Tungsten trioxide, tungsten blue oxide, tungstic acid,
and ammonium metatungstate can be derived from APT,
either by partial or complete thermal decomposition or
by chemical attack.

e Tungsten metal powders are produced via hydrogen
reduction of tungsten oxides. Changes in the reduction
parameters allow the production of tungsten powders
with various characteristics such as different grain size,
grain size distribution, and powder density.



End

@ lecturer: Xiyun Yang
@ School of Metallurgy and Environment
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