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SYNOPSIS

Rapid and reliable procedures, all of which utilize a spectro-
photometric finish, have been developed for the determination of tungsten
in ores, concentrates and high-alloy steels, The proposed procedures
have been applied to a variety of samples, including N.B.S. steel samples,
covering a wide range of tungsten concentrations, and the results agree °
with those obtained by established but less convenient methods.

Ores and concentrates are decomposed by either an acid
attack or a pyrosulphate fusion,depending upon the nature of the sample;
steels are dissolved in an acid solution.

In the proposed procedures, tungsten is first reduced with
stannous chloride under controlled conditions of temperature and acidity,
and then complexed with thiocyanate. Tungsten may be determined directly
by measuring the optical density of the coloured complex at 400 mp, or,when
interfering coloured substances are present, the complex may be extracted
into a suitable organic solvent and its optical density measured. The optimum
working range in the proposed method is from 0.05 -1,00 mg of tungsten
in the aliquot taken for analysis. The effect of a number of possible
interferants is shown. Molybdenum, when present in conjunction with iron,
causes high results, but this interference can be overcome by a prior
extraction of the iron from a chloride medium with isopropyl ether.
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' DOSAGE DU TUNGSTENE CONTENU DANS LES MINERAIS,
LES CONCENTRES ET LES ACIERS '
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RESUME

Pour doser le tungsténe contenu dans les minerais, les concentrés
et les aciers fortement alli€s, on a élaboré des procédés rapides et sfrs,
qui se tgrmment tous par une étude spectrophotométrique. On a appliqué =
ces procédés proposés a une foule de spécimens, y compris des échantillons
d’acier N.B.S., a teneurs trés variées en tungstene, -Les résultats de
ces essais concordent avec ceux qu’ on a obtenus a I a1de de methodes '
classiques, mais moins commodes.

On décompose minerais et concentrés soit par 1’ attaque & 1’ acide
soit par fusion au pyrosulfate, suivant la nature de l echantlllon, on dissout
les aciers dans une solution acide,

'Les méthodes proposeeu consistént & réduire d’abord le tungsténe
a l'aide de chlorure stanneux dans des conditions reglées de température
et d’acidité, plus on le "complexe' & 1’aide de thiocyanate. ILe dosage du
tungstene peut se faire directement en mesurant la den51te optique du
complexe coloré a 400 myp., ou, quand des matidres colorées interférent,
‘on peut extraire le complexe a U’ aide d’ un solvant organique convenable et '
mesurer sa densité optique, L’intervalle expérimental optimum, dans la
méthode proposée, varie de 0.05 2 1 mg de tungst®ne contenu dans la portion
prise pour analyse. On montre 1’ effet produit pat un certain nombre d’ agents
d’ interférence possibles. Le molybdéne associé au fer donne des résultats
élevés, mais on peut surmonter cette interférence en extrayant d’ abord
le fer d’ un milieu chlorure a 1’ éther isopropyle.

% Chargés de‘ recherches principaux, Division des sciences minérales,
Direction des mines,' ministére des Mines et des Rélévés téchniques,
Ottawa (Canada). .

’-"’ Chargé de recherches principal, Division de 1a métallurgie extractlve,
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INTRODUCTION

The Mines Branch laboratories are frequently confronted with

the necessity of determining tungsten in a wide variety of rocks, ores and

mill products. The gravimetric method involving precipitation of tungstic
acid with the aid of cinchonine has been tested here and gave erratic results. |
Previous workers (1, 2) have shown that this method may give low results
because of incomplete precipitation, particularly on low-grade samples;
also, that th'e method is subject to interference from other elements such
as rﬂolybdenum, vanadium, tin, antimony, niobium and tantalum. Because
of these problems, an alternative method was sought that would give
accurate results and would be rapid and suitable for the routine analysis of
low-grade ores and mill products.

Various colorimetric methods have been proposed for the
determination of small quantities of tungsten, but the one most commonly
used is based on the yellow thiocyanate complex formed by reduced tungsten
in an acid solution. This method is preferred in ore and metallurgical analysis
because other methods are subject to many interferences,and therefore, lengthy |
steps must be taken to isolate the tungsten before its estimation, The most
common application of the thiocyanate method is for the deterrﬁination of
tungsten in steels. However, it has also been used by Sandell (3) for

silicate rocks, and by Grimaldi and North (4) for low-grade tungsten ores.



Sandell’ s method was considered to be unsafcisfact.ory for
routine work in these 1aboratorie.s 14becau.sile it is subject to inter-
ferences- and involves many tedious steps. The nﬂethod of Grimaldi
and North, which involvés .reductio-n of tungs£en with. sténnoﬁs chloride,
was tes‘ted in.'thes_c—: laboratories as it appeared to be the most suitable
-of those é&éilgble. However, i:he ;'e;sults obtainéd were not
réproci;lcible, and, in addition, tl.levrec_ommended ‘acid attack was not
satisfactory fo’rA deqomposing some tyII)ef; of samp;est

Fréuna,‘ Wright :;,nd Brboksilier (55 obta-ir‘led’e"r.rati;c
results 1;1 de’termi‘ning tungsten in pure solutions by tlw;e sténno;ls
chloride ;thiocyanéte method and therefore undertook a sysfernatic
investigation of the reactionsl invélved inA the method, Théy studied
the effect of free acid, chloride and chlorostannods ‘ion concéntrations
and arrived at optimumlconditions for reduction of‘tungsten and
subsécltle;nt coloﬁr deVeloprﬁént.

This réport dc—;scnribé's t'h'e‘succes;sfu.l .aplpliclzation’ of. tile
proéedure of Fretind et ;Ll. (5) to the ‘de.tern"llinati'on‘ of tungsten in
ores, concentrates and steels covering a wide raﬁge of tungsten éon—-

, centfations . The results obtained.by th-e. proi)osed Iﬂethoa .agree favourably
with those obtained bf an eray’ f].ubrescel;ce'rnc—;thod for vores, and
also with the Certi'ficate values for certainu Natioﬁal Bui‘éaﬁ of

Standards steel samples,




REAGENTS AND APPARATUS

Stannous Chloride Solution, 2M - prepare by dissolving

113 g of stannous chloride dihydrate in concentrated hydrochloric
acid and making up to 250 ml with the concentrated acid.

Potassium Thiocyanate, 20% - prepare by dissolving

20 g of potassium thiocyanate in 80 ml of water., This reagent should
be prepared fresh daily.

- Tartaric Acid Solution - prepare by dissolving 75 g of

tartaric acid in 1 litre of water.

Stock Tungsten Solution - prepare by dissolving an
accurately weighed quantity of NazWO4.2HZO in water, followed
by dilution to an appropriate volume. For example, 0.9 g of

NaZWO .ZHZO dissolved in water and diluted to 1 litre gives a

4
solution containing 0.5 mg of tungsten per ml. A suitable working
solution is prepared from this stock by ten-fold dilution.

It has been found by experiment that NaZWO4. ZHZO
is as satisfactory a standard source of tungsten as tungstic acid

dried at 110°C,and is more convenient to use.

Isopropyl Ether or Ethyl Acetate - reagent grade,

peroxide free.

Spectrophotometer - Beckman Model "B'.




PROCEDURE

Calibfaﬁbn Curve - prepére_ by taking aliQﬁots of the standard

tungsten solution thrbugh Procedure 3 gi\}er‘i below. The Working fange
of the curve is between 0,05 and 1.00 mg of tungsten in the aliquot taken
for analysis,

1. Sample D_ecompositibn

() Ores and Concentrates

(1) Acid Attaék '

’fhis method of decoi’npositibn is recommended for samples
containing less than 02% tungsten or .f‘c?)r é‘amp‘les cdnta.i.ning a compa.rat'iyely
high proportibn of molyiadenuiﬁ.

Toa 0.1000 - 2,000 g sample in a platinum dish, add approximately
1 ml of 85% i)hosphéi'ic acid, 15 ml of 48% hydrofluoric acid, and 15 ml of
concentrated hydr‘bchlori'c' acid. AA‘llow the i’ni}duré to d'ige"s‘t on the hot-plate
until it has evaporaltéd to a pasty consistency, cool, add 10 ml of 2N hydro-
chloric acid, ‘and stir with av rubber policeman until the paste has dissolved,
Filter the resultant solution through a fast paper into a volumetric flask of

appropriate size and dilute to the mark with water.

(2) Fusion with Pyrosulphate
This méthod of decomposition is recommended for sarﬁple’s
containing more than 0.2% tungsten, and also when the extraction of the

tungsten thiocyanate complex (Procedure 4) is not contemplated.




Transfer a 0.1000 - 0.5000 g sample to a Vitreosil crucible
containing 4 -5 g of potassium pyrosulphate and mix well, Cover the
mixture with a little more pyrosulphate and fuse over an open flame for
approximately 5 minutes. After the fusion cake has solidified and cooled
sufficiently, transfer the crucible and contents to a 400-ml beaker and
dissolve the cake with 75~150 ml of 0,5M tartaric acid on the hot-plate,
Filter the resultant solution, wash the paper, and dilute to an appropriate
volume with 0.5 M tartaric acid.

(b) Steels

Dllssolve a 0.1000-1,000 g samplé of the steel with 10 -~ 20 ml
of phosphoric-~sulphuric acid mixture, which is 15% of each acid by volume.
Add concentrated nitric acid dropwise to decompose carbides, tungstides,
etc.; then evaporate the solution to fumes of sulphur trioxide. When cool,
transfer the solution to a suitable volumetric flask and dilute to the mark
with water., Determine the tungsten content of an aliquot portion of this
solution as in Procedures 3 plus 4 Below.

2. Elimination of Interference Due to Molybdenum Plus Iron

After the sample has been evaporated to a pasty consistency
in the presence of phosphoric acid in the case of ores (Procedure 1(a). (1)),
or to fumes of sulphur trioxixe in the case of steels (Procedure 1(b)), cool
to room temperature, add 20 ml of 12N hydrochloric acid, and wash the
solution into a 60~ml separatory funnel with 10 ml of water. Extract the
solution three times with 15-ml portions of isopropyl ether and wash each

extract twice with 2 ~ 3 ml portions of 8 N hydrochloric acid. Combine




the iron-free aqueous phase and the washinggl in 2 250~ml bea_k”ehr and warm
on the hot-plate until any remaining iso?ropyl ether has been driven off.
Cool the sol}ltic}n, | tfansfer it to a vpl_umetric flaj_sk;,' and .dilut'e‘to an
app-rop;:iate'vqllume. ‘Determi:n.e the Vtu.ng_sten.clolnt’ent of the samples as in-
Procedures 3 and;ébélow.

3. Colour Development

Use the following procedure when it is knc;wn that the sample
solution does not contain elements that form coloured thioqyanate,comple’xes
in an a.cid‘ solution or that themselves give coloured solutions,

Tra_nsfer an aliquot containing between 0.05 and 1,0 mg of
tungsten to a 100-ml \;‘olumletric fiask and dilute to apprgximat_ely 15 ml
with #/atez;. _AddA 10 ml of:_ cAO_ncent’rated sulphﬁ.fri‘c acid, 20 _rﬁl of 12N
hydrqqh_lorilc a_cid,‘ and 5 ml onM stannous chloride so_lution, w,i‘th careful
mixing.‘after e.ach addition, Place the flask in a boiling water bath for
one hour, if the sample‘ﬁvaé décomposed by the acid attack (Procedure 1 (2).(1));
or for 10 minutes if the fusion methéd oi,deépmposition was used (Procedure 1(a).(2)).
Add 10 ml of water, mix, and finally cool the flask to 10 -15°C. Next, add
by pii)ette ‘10_m1 qf 20% Pptésgium thiocyanate :solution, dilute to volume,
mix, and allow the sample solution to stand at roon.;n temperature for
10 minutes. Determine @he optical density of the solutién at a wavelength
of 400 mp against a reagent-blank, and detet"mine the tungsten content of
the‘sai;nplg bylrelferenc‘e to a calibration curve_prepéred b?r taking staﬁdard

tungsten solutions through the above procedure.




4, Extraction of Tungsten Thiocyanate

Use the following procedure for sample solutions containing
interfering coloured constituents and/or for samples expected to be
very low in tungsten.

Transfer an aliquot of the tungsten thiocyanate solution prepared
as in Procedure 3 above, to a 60-ml separatory funnel and then shake
with peroxide-free isopropyl ether for 30 seconds. Ethyl acetate may
be used instead of isopropyl ether; in such a case dilute the strongly
acid solution one to four with water before extraction.

If the tungsten content of the tungsten thiocyanate solution is
expected to be less than 0.05 mg of tungsten per 100 ml, extracta 50-ml
aliquot with 5 ml of the organic solvent; with solutions of greater tungsten
content, extracta 20-ml aliquot with 10 ml of the organic extractant,

After the phases have separated, discard the lower aqueous
phase and measure the optical density of the extract at a wavelength of
400 my against a reagent blank. Determine the tungsten content of the sample
by reference to a calibration curve prepared by taking aliquots of a standard
tungsten solution through the colour-developing and extraction procedures,
It should be noted that it is necessary to prepare a calibration curve

for each organic extractant used,



EXPERIMENTAL

Reduction of Tungsten

Because the reduction of tungéteﬁ (VI) with stannous chloride
is slow at room temperature, pfev’;ous workers recommended that .this
stei) be carried out at ele’vated_ tempefatu,r‘es by boiling.the saﬁaple ,
solution directly (6), or by placing the reaction mixture in a boiling
water bath (5).

.Expe.riments with standard tungsten solutions Wei'e performed
under a 'v.at'riety of conditions to determine the effectiveness of these
methods of temperature control when thg method of Freund et al.(5)
was used for the reduction of the tungsten and for the subseqﬁent' formation
of the coloured tungsten thiocyanate complex, In certain of tflésé experiments
the effect of phosphoric acid was also determined, as it was expected
that this reagent woﬁld be 'preserit in sample solutions obtained by the
acid attack on tungsten ores (Procedure 1 (a) .'(1)). and alsolon steels

(Procedure 1(b)).

The results of these experiments are given in Table 1,




TABLE 1

Reduction of Tungsten under Various Conditions -
Method of Heating, Time, Presence of Phosphoric Acid

0.50 mg Tungsten Taken - Procedure 2

Test] Boiling Water | Direct Boiling Conc., Tungsten
Bath on Hot-Plate Phosphoric Acid Found
Time in Minutes (ml) (mg)
1 2 - - 0.50
2 15 - - 0.50
3 60 - -- 0.50
4 5 - 0.5 0.44
5 20 -- 0.5 0.46
6 30 - 0.5 0.50
7 60 _ -- 0.5 0.50
8 60 - 1.0 0.50
9 60 - 3.0 0.50
10 - 1 -- 0.50
11 - 4 -- 0.50
12 . - 5 -- 0.47
13 | e 7 - 0.44
14 -- 2 0.5 0.41
15 2 1 0.42
16 - 2 3.0 0.42
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The results in Table 1 show that,in the absence of
phosphoric acid, -complete reduction of tungsten Wasrachi‘eved within
2 minutes using eithér method of heating the réaétion‘ mixture.
I—Ibwever,‘ when the__s_ample solutions withc?ut phosphoric acid were
boiled -dix('.e;:tly on the hot——plate for S'miriuti::es'or more, low ‘tingsten
results were obtained A(Tes'ts' 12 -13), .

In Tests 14 - 16, low tungsten values were obtained
when synthetic sample solutions containing 0,5:~ 3,0 ml of phosphoric
acid w:e.re.'boiledv direc‘tly on the hot-plate for 2 ;minutes.‘

It is evident from the results of Tésts 4 - 9 that
tungsten was not completely réduced in less than 30 minutes when
sample's‘oluﬁons containing from 0.5 -~ 3.0 ml of concentrated
phosphoric acid were heated in the boiling water bath.

The results given in Table 1 indicated that the most
widely appiicable method for reducing tungsten should involve heating
.the reaction mixture in a boiling water bath for 30 minutes., However,
when these conditions were later applied to the analysis of solutions
obtained by the a‘c'id attack of certain scheelite ores, occasionally
a 30-minute heating period was found to give low and erratic results.
In subsequent tests with similar sample solutions, highly <reproducible
results we’re obtained when the reduction period in the béiliné_ water
bath was extended to 60 minutes.

With solutions obtained from the pyrosulplléte fusion of

tungsten ore samples (which contained no phosphoric acid),a 10 minute
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heating period in the boiling water bath gave reproducible results,
and this is in agreement with the results of Tests 1 and 2 given in
Table 1.

At the present time a satisfactory explanation cannot be
off;ered for the effect of phosphoric acid on the reduction of tungsten
under the conditions of the proposed procedures.

Extraction of Tungsten Thiocyanate Complex

Organic solvents have been used by Sandell (3) for extracting

the tungsten thiocyanate complex. This technique was investigated

in these laboratories,as it was considered that it would increase the

sensitivity of the spectrophotometric aspect of the procedure, and
would eliminate interference by coloured substances likely to be
encountered in sample solutions derived from ores, concentrates

and steels. The following solvents were tested for this purpose:
n-amyl alcohol, cyclohexanol, ethyl acetate, butyl acetate, amyl
acetate, a solution of tributyl phosphate in carbon tetrachloride, ethyl
ether, andisopropyl ether, It was found that the thiocyanate complex

could be extracted into all the solvents tested, although isopropyl ether

was considered to be the most satisfactory because it separated cleanly from

the aqueous phase and because the batch available was essentially
peroxide-free. Many of the other solvents contained oxidizing agents
(probably organic peroxides) and these gave extracts with low and
variable optical densities when measured spectrophotometrically.,

Therefore, it is recommended that the particular solvent chosen
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for the extraction step be examined for peroxides and purified, if
necessary, before use (7, 8).

Determination of Tungsten in Presence of Foreign Substances

Because of the anticipated necessity for the determination
of tungsten in sample materials containing phosphates and borates,
a series of synthetic tungsten-bearing solutions containing various
mixtures of these contaminants was prepared and analyzed for
tungsten according to the procedure for colour-development given
in Procedure 3 above., Table 2 gives the results of these

experiments.

TABLE 2

Effect of Phosphates and Borates on
Determination of Tungsten®

Tungsten Taken Contaminants ‘ Tungsten Found
(mg) (mg) (mg)
0.30 350 sodium metaphosphate 0,30
0.30 350 " pyrophosphate 0.30
0.30 350 " tetraborate 0.30
0.30 100 " metaphosphate

0.30
+50 " pyrophosphate
0.30 100 " metaphosphate
+50 " pyrophosphate 0.30
+100 " tetraborate

s

"Reduction in boiling water for 1 hour.

The results given in Table 2 indicate that, for the range
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investigated, borates and phosphates and mixtures thereof do not
interfere with the determination of tungsten by the stannous chloride-
thiocyanate method.

Since molybdenum (4, 9), niobium (9), vanadium (7, 10)
and titanium (4) have been reported as interferants in previous
methods for tungsten, and because uranium, nickel, and cobalt
form coloured thiocyanate complexes under some conditions,
interference studies were conducted with these metals.

In separate tests, a known quantity of a solution of each
of the foreign metals was added to an aliquot of the standard tungsten
solution and the mixture was taken through the procedure used for
the acid attack of ores. FEach of the resultant sample solutions was
analyzed for tungsten,by Procedures 3 and 4 above and the results of

these tests are given in Table 3,
TABLE 3

Determination of Tungsten in Synthetic Solutions
Containing Foreign Metals

0.25 mg Tungsten Taken
Foreign Metal . Tungsten Found

Present (mg)
(mg)

4 Mo 0.25

20 Ti 0.25

40 Ni 0.25

20U 0.25

20 Co 0.25

17.5 Nb 0.27

20.0V 0.26
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The results given in Table 3 show that,éf the foreign
metals investigated, only niobium and vanadium caused detectable
interference in tbe determination of tungsten. However, it is apparent
‘that,even when these metals are in large excess over t_uﬁgsten, their
interference is comparatively small and, therefore, few samples are
likely to be encountered in which the presence of niobium and/or

vanadium would constitute a problem.

Interfelrence of Molybdenum

While working with syntheti.c solutions contaiﬁing only
fungsten and molybd.enum, it was found tﬁat molybcien_um caused no
interference in the determination of tungsten even when present.in
twenty-fold excess over tungsten. However, when the proposed
method was applied to the determination of tungsten in moly;bdenum~
bearing steels, high values were obtained. In this work it was
observed that the ether extré.ct, which is Ordinarily a greenish-yellow,
was a deep orange m co‘lour; indicating the preseﬁce of molybdenum( V)
thiocyanate.

To investigate this problem further, a series of tests
was conducted in which ,tu.ngster.x was détermined in ‘sjmtheticvsolutions

containing known amounts of tungsten, molybdenum and iro.n, by the

method given in Procedures 3 plus 4. The results of these tests showed that

the interference due to molybdenum was dependent on the amounts of

molybdenum and iron in the sample solution (Table 4}).
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The effect of iron on the formation of Mo (V) thiocyanate

has been studied by Dick and Bingley (11). These workers postulated

]3 in the absence

‘ the formation of the complex I\/Io2‘111\:M0VO(CNS)5

of iron and of FeII[MOVO (CNS)E] in its presence., The part of the
molecule within the brackets is considered to be the chromogenic
portion; therefore,in the absence of iron only part of the molybdenum
forms a coloured species.

Under the conditions of the proposed method, it is presumed
that in the absence of iron molybdenum is in the tervalent condition
and forms a colourless thiocyanate complex (12) ; consequently it

offers no interference in the determination of tungsten.

TABLE 4

Effect of Iron on Molybdenum Interference

Metals Present Tungsten Found
Tungsten | Molybdenum | Iron (mg)
(mg) | (mg) (mg)
0.25 4 none 0.25
0.25 4 10 0.26
0.25 4 25 0.27
0.25 4 50 0.27
0.50 10 50 0.56
0.50 10 100 0.57
0.50 10 150 0.62

The results given in Table 4 suggested that,if iron were

removed from the sample solution prior to the determination of
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tungsten, then satisfactory results might be obtained in the presence
. of molybdenum. To détermine thé sqitability of this approagh, a
series of synthetic sample solutions containing known quantities

of tungsten, molybdenum and iron was prepared and each sample was
taken through the acid treatment for the decorhposition of ores. Iron
was removed from the sample solution by ether extraction from .
hydrochloric acid medium,and tungsteﬁ was then determined as above in

Procedures 3 plus 4. The results of these tests are given in Table 5,

TABLE 5

t

Determination of Tungsten in Iron~-Free
Solution Containing Molybdenum -

500 mg F'e Present Before Extraction
Metals Present Tungsten Found
Tungsten I Molybdenum - (mg)
| (mg) ‘ ‘
0.25 -none 0,25
0.25 5 - ~0.25
0.25 10 0.26
0,25 20 ' 0.26

The results given in Table 5 thus confirm that tungsten can be
determined by the stannous chloride-thiocyanate method in the presence
of a large excess of molybdenum without appreciable interference,

provided that the bulk of any iron present is first’removed',
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Decomposition of Tungsten Ores

Of the several possibilities for decomposing tungsten
ores, fusions with sodium peroxide or potassium pyrosulphate were
studied, and also various acid attacks. Although fusion methods gave
complete deéomposition, difficulties were sometimes encountered
when the tungsten thiocyanate complex was subsequently extracted
with organic solvents. In the presence of large amounts of alkali
metal salts introduced from the flux, the organic solvent and the
sample solution tended to form an emuls"ton from which the coloured
extract could not be easily separated., After fusions with sodium
peroxide, silica occasionally precipitated in a gelatinous form in
later steps and was difficult to remove by filtration. Also, it was
- thought that there might be some danger of losing tungsten by occlusion
in the precipitated silica.

Pyrosulphate fusions were found to be satisfactory,
especially with high-grade materials where small samples could be
used and when extraction of the tungsten thiocyanate complex into
an organic solvent was not required.

Since it was desired to retain the extraction procedure,'
experiments were conducted to find a means of decomposing ﬁungsten
ores that would not give a solution with a high concentration of
dissolved salts. As tungsten forms soluble complexes with chloride,

fluoride and phosphate, a mixture of the corresponding acids was
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tested as a means of decomposing tungsten minerals .‘ A number
of sami)les of scheelite, wolframite and ferberite Were"grbund' to
-200 ﬁesh and were treated with a 1:1 mixvtur-e of 48% hydr;flqoric
acid:12N hydrochloric acid and 1-2 ml of syrupy phosphoric acid.
The mixtures We'.re allowed to digest'on the'hot—plate lintil they - |
~had ev‘aporated to a paste of phospAhoric' acid,in order to drive off
excess free' fluoride. The safnplgs weére then taken up in dilute
hydrochloAri‘c acid and the insoluble residﬁes were recovered by
filtreition. Spectrogfaphic analysis of the residuels showed that,in
all case.s, at least 98% of the tungstén in the ofigiﬁal gample Was
taken into solution by the mixed acid attack. N

. It was found that wolfram;lte reduired a»proloﬁged and
repeated treatment with the acid mixtur.e to achieve complete
decomposition. It is considered, the;ref.ore, that .for ores and
c-:-oncentrates containing this mineral the fusion decomposition
with ‘pyrosul.lphate would be more conv‘enient.

Application to Ores and Steels

a) Ores
To determine its p'rac'ticabili.tyv, 'the proposed me£hod
waé applied to a number of miil products contaiﬁing tungsten in the
form of scheelite. For comparison purposes certain of these samples
were analyzed gravimetrically by double ci-‘nc]rvlonine‘ﬁrec‘ipitatiop (1),
while others were analyzéd by an X-ray fluorescence method usjlng
the silica dilution techﬁique (13). The results of these anaiyses are

given in Table 6.




TABLE 6

Determination of Tungsten in Mill Products -

Comparison of Colorimetric, Gravimetric and

X-ray Fluorescence Results

Test No.

% Tungsten

Description of Sample] Stannous Chloride-Thiocyanate Gravimetric | X-ray Fluorescence™
Procedure 3 Procedure 4
(No extraction) (Extraction)
1 Scheelite conc, 47.1 - 45,8 -—-
2 Head sample 1.58 1.56 1.17 -
3 Tailing 0.21 0.24 -—-
4 Scheelite conc. 9.8 --- 9.5
5 n n 22.5 —— 22.6
6 n : 28.5 --- 28.6
7 0 n 42,2 - 41.7
8 t 1 52.3 —_ 53.0

In Tests No. 1-3,

the samples were decomposed by the mixed acid attack,

In Tests No. 4-8, the samples were decomposed by pyrosulphate fusion.

*X -ray fluorescence results by Mrs. D.J. Reed, Mineral Sciences Division,
Mines Branch, Department of Mines and Technical Surveys, Ottawa.

- 61"
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Table 6 shows that the results obtained by the proposed

method in Tests 4-8 are in excellent agreement with those obtained by

: theVX—ray fluorescence method. It is also evident from Tests 2 and 3

that the tungsten resﬁltsvolv)tained by Pro.cedures 3 and 4, with or without
extraction of the"tungstén thiocyanate complex, are concordant.‘ In’
addition, Tests ,1 and 2 'éhow fhat the gravimetrié results are lower
than those obtained by the stannous chlorid.e -thipéyé.naté method,
b) Steels
The proposed method was abplied to the determination :of
tungsten in‘a ﬁumb'er of Natioﬁal Bureau of ‘StandardsAst‘eel samples,

by using Procedures 1(b) or 2 as above, and the results are given in

Table 7. These steels are highly alloyed and contain one or more of

the following elements: molybdenum, chromium, vanadium, nickel, é,nd
cobalt, Therefore, it was considered that these samples would provide
an adequate test of the extraction proceaure designed to eliminate

potential interference due to coloured ions and to molybdenum.




- 21 -

TABLE 7

The Determination of Tungsten in N.B.S, Steels

N.B.S. N.B.5. Certificate Values - Tungsten
Sample No, Molybdenum | Tungsten Found
(%) (%) (%)
123a 0.12 0.11 0.11  (3)
155 0.039 0.517 0.51
153 8.39 1.58 C1.57  (4)
134 8.68 1,82 1.89 (11)
132 7.07 6.28 6.24 (5)
50B 0.40 18.05 17,9 (7)

Figures in parentheses indicate number of replicate
determinations on separate samples.

Samples 123a, 155 and 50B analyzed by Procedure 1(b).

Samples 153, 134 and 132 analyzed by Procedure 2.

Table 7 shows that the results obtained by the proposed>
method are in excellent agreement with the N.B.S. certificate
values for tungsten; also,that tungsten can be determined reliably in
the presence of a large excess of molybdenum.

From the replicate determinations run on samples
134 and 50B, the standard deviations were calculated to be 0.043%

and 0.37% tungsten respectively,
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SUMMARY

The.st:annou_s chlo_ride-thiocyanqte method for determining
tungsten has been applied to the analysis 6f tungstenjbeariﬁg ores and
steels .. Methods of sample decomposition have been investiga.ted. and
a new acid attack for ores has been developed. A procedure has also
been devised for extracting the tungsten thiocyanate complex from
solutions containing interfering coloured ions, at the same time permitting
an increasg in the sensitivity of the method for low-grade samples.

It is considered that the proposed procedures are appiicable
to a wide variety of ores and mill products, as well as 'ste.els and
possii)ly other allc;ys. Although the method was developed for low-grade
ores aﬁd mill products, it has been found superior to other chemical

methods for high-grade tungsten concentrates.
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