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SUMMARY 

Analyses for bismuth, iron, molybdenum, and sulphur 
obtained by this laboratory as part of a collaborative scheme 
on the certification of standards of Canadian ores are reported. 
The methods used and the precision of the results obtained are 
also described. 
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INTRODUCTION 

The Mineral Sciences Division of the Mines Branch, 

Department of Energy, Mines and Resources, has undertaken a 

programme to prepare a number of standard samples of typical 

Canadian ores. The first of these, a molybdenite ore  obtained 

from Preissac Molybdenite Mines Ltd. (Western Quebec), was sub-

mitted by Mr. G. H. Faye of the Mineral Sciences Division (1) . 

The sample, prepared by the Mineral Sciences Division, 

had been ground to minus 200 mesh, blended, and checked for homo- 

geneity by instrumental and chemical tests. Minerals, present in the 

sample, and their approximate abundance had been determined by 

X-ray diffraction, microscope, and by electron-probe. The 

following ,approximate composition was provided: 

quartz 	 90% 

K-feidspar 	 5% 

muscovite 	 3%.  

molybdenite 	 1% 

pyrite 	 0.5% 

fluorite 	 0.25% 

Fe-Mn garnet 	 0.1% 

chlorite 	 0.1% 

Other minerals found to be present in amounts less that 0.1% 

were bismuthinite, native bismuth, chalcopyrite, galena, hematite, 
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ilmenite, magnetite, pyrrhotite, rutile, sphalerite,  and  nickel-

bearing mineral. An approximate chemical compoàition was also 

provided, and is given below - 

Mo 	 0.6% 

Bi 	 0.1 

• 	 Fe 	 1.3 

0.8 

Cu, Ni, Pb, Zn 	 <0.05 (each) 

Two 8-oz bottles of the sample were received and 

analyses carried out on each sample. These were designated PR-1, 

Case 1, Box 2 (EMQ 2806) and PR-1; Case 9, Box 3. (EMQ 2807) 

EXPERIMENTAL 

Descriptions of the methods employed in the analyses 

are outlined for each element. 

Bismuth 

Dissolution: Two methods of dissolution were tried, 

a multi-acid treatment and fusion with potassium pryosulphate, 

Acid dissolution involved nitric acid - hydrochloric acid 

(aqua regia) attack and evaporation to dryness. This was followed 

by hydrochloric acid - hydrobromic acid and evaporation to dryness. 

Finely nitric acid and perchloric acid were used with evaporatiou 

to strong fumes. The residue was heated with IM sulphuric acid 

and filtered. The filtrate was used for analysis. 
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The other dissolution procedure consisted of fusion of 

about 1 g of sample with about 10 g potassium pyrosu1phate in a 

platinum cruciblP. The cooled melt was leached with IM nitric 

acid and fi,Itered. Bismuth was determined as the yellow/orange-

colored iodobismuthite ion (2)  produced by the addition of an 

excess of potassium iodide to an aliquot of the sample solution. 

Oxidising agents, for example ferric iron, were reduced with 

ascorbic acid and sodium sulphite. Absorbance of the solution 

was measured at 450 nm. 

In order to determine whether impurities such as iron 

and tin were interfering in this direct procedure, aliquots 

of the sample solution were treated with an ammoniacal solution 

of EDTA and sodium cyanide, and the pH adjusted to about 9 with 

ammonium hydroxide. A solution of sodium diethyldithiocarbamate 

(DDTC) was then added and the Bi- DDTC complex extracted with 

carbon tetrachloride. The carbon tetrachloride was evaporated 

in the presence of dilute sulphuric acid, perchloric acid added 

and the solution heated to strong fumes to remove organic 

material. The solution remaining (- 0.5 ml) was diluted with 

5 ml of 5M sulphuric acid and transferred to a 50-ml volumetric 

fiask. Bismuth was determined as described above. 

Results by this procedure agreed well with those 

obtained, without extraction, after pyrosulphate fusion. 
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Consistent results could not be obtained on sample 

solutions prepared by multi-acid treatment. All results were 

low (0.01-- 0.5% Bi) and varied with the size of aliquot taken 

for bismuth determination. 

Iron and Molybdenum  

Iron and molybdenum were determined on aliquots of 

the same solution. Sample dissolution was effected by heating 

with a mixture of nitric and hydrochloric acids (aqua regia). 

After the addition of perchlorie acid, heating to strong fumes 

and dilution with water, the residue was filtered and washed 

with water. The residue was then ignited in a platinum dish, 

treated with hydrofluoric and sulphuric acids and fumed to 

dryness. The remaining residue was fused with potassium pyro-

sulphate, the melt dissolved in water, the solution added to 

the main filtrate, and diluted to volume in a volumetric flask. 

Determination of Iron 

Iron was determined colorimetrically on an aliquot 

of the sample solution by the formation of the ferrous ortho-

phenanthroline complex, at pH 3.8, after reduction with 

hydroxylamine (2) * Absorbance measurements were made at 510 nm. 

Results obtained by multi-acid treatment only were 

generally low by about 0.3% (absolute). 



Determination of Molybdenum (3) 

Molybdenum was determined colorimetrically as the 

orange/red-colored molybdenum thiocyanate produced in hydrochloric 

acid solution by reduction of molybdenum (V1) to molybdenum (V) 

with stannous chloride in the presence of ammonium thiocyanate. 

The molybdenum thiocyanate was extracted into a n-buty1 acetate 

and the absorbance of the extract measured at 470 nm. 

Sulphur 

Sulphur was determined by a combustion tec1inique(4) . 

The sample was ignited in an induction furnace, in an oxygen 

atmosphere, by which the sulphur was converted to sulphur dioxide. 

This was oxidised to sulphuric acid by bubbling through a 

solution of hydrogen peroxide (10%), and the acid so produced was 

titrated continuously with a standard sodium hydroxide solution 

using mixed methylene blue and methyl red as indicator. The 

procedure was checked using BCS Sample No. 301 (Lincolnshire 

Iron Ore) having a total sulphur content of 0.470%. The furnace 

used was a LECO Model No. 523, and the sulphur titrator was a 

modified LECO Model No. 400-1. 

RESULTS 

Results of the analyses of the two samples received 

are given in Table 1. Assuming the two samples to be identical, 
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TABLE 1  

Analyses Obtained on Molybenite Ore Standard PR-1 

Sample Bismuth 	Iron 	Molybdenum 	Sulphur 

PR-1 
Case I, Box 2 

EMQ 2806 

0.117 	1.23 2 	0.589/ 	0.793 
0.11 7 	1.22 9 	0.58 3ç 

0.113 ) 	l.221 	0.797 
0.11 5 	1.227 	0.58 7  

0.111 	1.212 	0.5861 	0.805 
0.11 6 	1.21 2 	0.57 1  

0.11 5 } 	l.21 1  
0.11 5 	1.21 4 	0.581 	0.792 

0.11 	1.21 5 / 	. 0.581 	0.789 
0.117 	1.21 2 	0.57 2  

Average = 0.11 6  1.21 9 	0.58 3 	0.79 5  

PR-1 
Case 9, Box 3 

EMQ 2807 

0.1 1 9  
0.11 7 Ç 

0.111 0.117 

0.121 0.119 

0.12 11 
0.11 9  

0.111 0.114 

	

1.23 21 	0.5891 	0.793 

	

1.23 3 	0.58 3  

	

1.23 2 	0.581 	0.806 

	

1.2341 	0 . 57le 

	

1.211 	0.5941 	0.804 

	

1.21 4 	0.58 

	

1.221 	0.591 	
0.801 

	

1.22 1 	0.59 9  

	

1.22 21 	0.591 	0.793 

	

1.21 6 	0.59 7  

Average = 0.11 6  1.22 5 	0.58 9 	0.79 9  

Loss on drying at 110°C for 24 hours: EMQ 2806 : 0.085% 
EMQ 2807 : 0.087% 

Brackets indicate two aliquots from one weighed portion. 

Analyses are reported on an "as-received" basis. 
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relative standard deviations and the relative 95% confidence 

limits for the average of 10 duplicate determinations, were: 

Bi; 	± 1.70%; 	95% CL =± 1.15% 

Fe; 	- 0.63%; 	 - 0.45% 

Mo; 	_ 0.97%; 	 - 0.69% 

S ; 	- 0.78%; 	 0.56% 

There was no significant difference between samples at the 

5% level of significance. 
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