
SELECTIVE DISSOLUTION AND DETERMINATION OF 
SULPHIDES IN NICKEL ORES BY THE BROMINE-METHANOL 

METHOD 

URHO PENTTINEN, V E I K K O P A L O S A A R I and TUOMO SIURA 

PENTTINEN, U., PALOSAARI, V. and SIURA, T. 1977: Selective 
dissolution and determination of sulphides in nickel ores by the 
bromine-methanol method. Bull. Geol. Soc. Finland 49 (2): 79—84. 

Bromine-methanol dissolution, which is mainly used in analysis of 
metallurgical specimens, has been applied to geological samples. It 
has been established that a solution of bromine-methanol dissolves 
sulphides and arsenides very selectively but attacks silicates and 
oxides only slightly. An exception is pyrite, of which merely 7 to 
8 °/o is dissolved under the conditions defined in the analytical 
instructions. 
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Introduction 

Economically, the most impor t an t nickel-
bear ing minera l s in F in land are pent landi te , 
pyr rho t i t e , mackinawi te , mil leri te , ge r sdor f -
fite, niccolite, v iolar i te and bravoi te . In sili-
cates the abundance of nickel is dis t inct ly 
lower. Olivine, pyroxenes , amphiboles and 
micas, including serpent ines , a re the p redo-
minan t silicates in this coun t ry in which 
nickel replaces isomorphical ly o ther metals . 
The concent ra t ion of nickel in olivine is com-
para t ive ly high, averag ing 1330 p p m (Häkli 
1971) in F innish per idot i tes . Py roxenes and 
amphiboles a re only s l ight ly dissolved in 

acids, un l ike olivine and se rpen t ine whose 
r eady dissolution af fec ts analy t ica l resul ts . 
In the evalua t ion of marg ina l deposits, b u t 
also in the context of some other research 
p rogrammes , it is of impor tance tha t the 
abundance of su lphide nickel recoverable 
t h r o u g h concent ra t ion processes be p rope r ly 
de te rmined . Thus it was essential to develop 
a method which al lows the selective assaying 
of nickel f r o m nickel ores in the presence of 
d ivers sil icate combinat ions. 

In the l i t e ra ture , severa l selective dissolu-
tion methods are repor ted deal ing w i th the 
de te rmina t ion of sulphides in the presence of 
silicates. Ment ion m a y be made of the b romi -
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Table 1. Nickel dissolved from olivine in bro-
minated water leach as a function of the sulphur 
content in the sample. 

S °/o Percentace of Ni dissolved from 
the total Ni in olivine 

4 26 
12 72 
20 89 
29 94 

na t ed w a t e r leach (Czamanske and Ingamel l s 
1970, Häk l i 1971), the dissolution in b romi -
na t ed w a t e r and ca rbon te t rach lor ide (Kara -
p e t j a n 1968), the use of hyd rogen perox ide 
and a m m o n i u m c i t ra te (Katsnelson and Osi-
pova 1960), the hydrogen peroxide and as-
corbic acid leach (Lynch 1971) and ch lor ina t -
ing roas t (Moss et al. 1961 and 1967). All these 
me thods have cer ta in d isadvantages . T h e 
ch lor ina t ing roast is slow and thus i l l -suited 
to e v e r y d a y pract ice. In the appl icat ions of 
me thods by Czamanske , Häkli , Katsnelson 
and Lynch the acidi ty of the solution depends 
on the amoun t of sulphides present . The 
deve lopment of su lphur ic acid in samples 
conta in ing a b u n d a n t sulphides m a y lead to 

par t ia l dissolut ion of silicates. T h e wa te r 
solution of se rpen t ine shows an a lka l ine r e -
action, and so the nickel p r imar i ly dissolved 
by b romine m a y prec ip i ta te and go unde -
tected in the analyses. The d r a w b a c k to 
method of Katsnelson is the vigorous react ion 
of some mine ra l s du r ing dissolution. These 
u n f a v o u r a b l e ef fec ts a re l isted in Tables 2 
and 4. Table 1 demons t ra t e s the dissolution 
of olivine in b romina ted w a t e r f r o m samples 
conta ining pyr i te . 

In our search for a sui table me thod for the 
selective dissolution of geological samples, we 
paid pa r t i cu la r a t ten t ion to t h e b romine -
me thano l me thod t h a t K o r a k a s (1962) used 
to leach sulphides, and K r a f t and Fisher 
(1963) metal l ic i ron f r o m meta l lu rg ica l p ro -
ducts. Fi l ippova et al. (1973) h a v e s tudied the 
solubil i ty of synthesized pyr rho t i t e , pen t -
landite , heazlewoodi te and mi l le r i te in 
b romine -me thano l and o ther solvents. Sen 
Gup ta and C h o w d h u r y (1974) appl ied b ro -
mine -me thano l digestion to the de te rmina t ion 
by AAS of su lphide nickel and cobalt in 
chondr i t ic meteor i tes in the presence of 

Table 2. The dissolution of nickel in brominated water leach from ultramafic samples, and the pH 
in the solution. 

Ni, ppm 
Sample Ni2/NiiX100 °/o S pH 

1 2 
pH 

Serpentinite 
Vuonos 1960 483 25 0.35 6.0 
Serpentinite 
Vuonos 2000 2080 104 1.2 2.6 
Ni tailings 
Kylmäkoski mine 1620 1230 76 1.2 2.4 
Peridot'ite 
Kotalahti mine 1300 15 1.2 0.13 7.1 
Serpentinite 
Hitura mine 4390 3730 85 1.1 3.8 
Serpentinite 
Outokumpu 508 6 1.2 0.09 7.0 
Lateritic Ni ore 
Larymna, Greece 

181000 319 0.2 0.08 5.7 

1. total nickel; HNO3, HF and HCIO4 used. 2. nickel dissolved in brominated water. 
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Table 3 Brominated water leach at constant pH. Sample 2000 mg, 2 ml bromine, 20 ml water at 70°C 
pH kept constant by means of titration automatics. 

Sample Leaching 
time pH 

Ni, «/o Nidis./Nitot. 
X 100 

MgO, »/o MgOdis-/ 
MgOtot. 

X 100 
Sample Leaching 

time pH 
dis. tot. 

Nidis./Nitot. 
X 100 dis. tot. 

MgOdis-/ 
MgOtot. 

X 100 

Peridotite 60 4.0 0.028 0.13 22 0.85 28.4 3.0 
Kotalahti mine 60 5.0 0.014 0.13 11 0.59 28.4 2.1 

60 6.0 0.006 0.13 4.6 0.50 28.4 1.8 
Lateritic Ni ore 60 4.0 0.069 18.1 0.4 0.09 1.9 4.7 
Larymna, Greece 60 5.0 0.030 18.1 0.2 0.06 1.9 3.2 

60 6.0 0.010 18.1 0.1 0.05 1.9 2.6 
Serpentinite 60 4.0 0.15 0.22 68 4.1 35.4 12 
Hitura mine 60 5.0 0.092 0.22 42 0.8 35.4 2.3 

60 6.0 0.047 0.22 21 1.8 35.4 5.1 
Serpentinite 60 4.0 0.14 0.20 70 0.98 35.7 2.7 
Vuonos 60 5.0 0.072 0.20 36 2.2 35.7 6.2 

60 6.0 0.053 0.20 27 0.67 35.7 1.9 

coexist ing me ta l and si l icate-oxide phases. As 
f a r as we know, however , b r o m i n e m e t h a n o l 
leach has not been appl ied to the analysis of 
geological samples, of which low g rade u l t r a -
maf ic nickel mineral isa t ions , in par t icu lar , 
const i tu te a di f f icul t , ye t in te res t ing topic. 
For m a n y nickel and copper minera l s of 
nickel ores the behav iour dur ing b r o m i n e -
me thano l t r e a t m e n t is not r epor t ed in l i t e ra -
ture . 

Bromine-methanol dissolution 

The dissolution was car r ied out as fol lows: 
Add 80 ml me thano l p.a. and 5 ml b r o m i n e 

into a 500 e r l e n m a y e r f lask f i t t ed wi th a glass 

Table 4. The dissolution of serpentinite (Outo-
kumpu) in the brominated water as a fuction 
of the concentration of H2SO4. 
For the brominated water leach, 5 ml water, 0.5 
ml bromine and 1-n sulphuric acid were used. 
After the leach, the solution was diluted to 100 ml. 

mlH2S04, Nidis./Nitot. MgOdis./MgOtot. 
1-n X 100 X 100 

6.6 < 1 1.4 
0.5 6.5 < 1 1.8 
1.0 6.2 1 2.9 
2.5 4.4 16 5.8 

10.0 1.7 46 14 

s topper . S t i r unt i l t h e b romine goes into 
solution. Cool to room t e m p e r a t u r e be fo re 
s ta r t ing dissolution, to p r e v e n t t h e s topper 
f r o m opening du r ing shaking. Weigh into 
the e r l enmaye r f lask 1 g of sample pulver ised 
to the f ineness r equ i red by analysis . S h a k e 
gen t ly for 1 hour in a shaker . F i l t e r in a 
f u m e cupboard t h rough a w h i t e - b a n d f i l t e r 
by using f i l t e r paper mass. Wash res idue and 
f i l t e r pape r six t imes w i th methano l . Add 
10 ml ni t r ic acid to the f i l t r a t e and evapora te 
ca re fu l ly to dryness . Add 1 ml conc. hyd ro -
chloric acid and evapora te to dryness . Subse-
quent ly , add 5 ml hydrochlor ic acid and a 
l i t t le water , and dissolve by applying heat . 
Cool and d i lu te to 100 ml in a vo lumet r ic 
f lask. T h e meta ls a re de t e rmined by AAS. 
I t is not r ecommended to p r e p a r e a stock of 
b romine -me thano l solution, since t h e dis-
solving of b romine l ibera tes so much heat 
t ha t the m i x t u r e m a y s t a r t to boil. 

Leaching tests 

The solubil i ty of var ious minera l s was 
tested by subjec t ing t h e m to the b r o m i n e -
me thano l leach as descr ibed above. In addi-
t ion to the common nickel minerals , t he 



82 Urho Penttinen, Veikko Palosaari and Tuomo Siura 

copper minera l s t ha t a re usua l ly associated 
w i th nickel ores, as wel l as some sulphides, 
w e r e also tested. The minera l s were : pen t -
landite, (Fe, Ni)9S8, py r rho t i t e (christal s t ruc -
tu re not determined) , mi l ler i te NiS, gers -
do r f f i t e (Ni, Co, Fe)AsS, niccolite NiAs, vio-
lar i te (Ni, Fe)3S4, chalcopyri te , cubani te 
CuFe.,S3, pyr i t e a r senopyr i t e FeAsS and 
sphaler i te . Most of the minera l s w e r e 
ex t rac ted wi thou t separa t ion f r o m heavi ly 
minera l ised samples. Unfo r tuna te ly , no sui t -
able samples of b ravo i te were available. T h e 
violar i te sample conta ined a b u n d a n t pyri te , 
and the cuban i te specimen chalcopyri te . In 
the leaching test, the percen tage of me ta l 
dissolved was calculated on the basis of t h e 
concent ra t ion in the or iginal sample, and in 
res idue or solution, or both. The dissolution 
of nickel and copper was s tudied f r o m 
violar i te and cubani te , respect ively. For 
violari te, t he resul ts w e r e checked by sub-
mi t t ing the res idue to microscopic examin -
ation. F u r t h e r m o r e , the dissolution of nickel 
oxide, p r epa red f r o m nickel aceta te by 

roast ing, was tested. Final ly, compara t ive 
leaching was p e r f o r m e d by using methods by 
Häkli , Katsnelson and Lynch, in addi t ion to 
t ha t of b romine -me thano l (Table 6). T h e 
res idue of the b romine -me thano l leach was 
s tudied microscopical ly and it was noted tha t , 
apa r t f r o m some inclusions and pyr i t e grains , 
all t he sulphides had gone into solution. 

Discussion 

In the leach of a 1 g sample in accordance 
wi th analyt ica l instruct ions, pent landi te , 
pyr rho t i t e , mil leri te , niccolite, chalcopyri te , 
cubani te and sphaler i te dissolved complete ly 
in b romine-methano l . The behav iour of 
pyri te , ge r sdor f f i t e and arsenopyr i te , as wel l 
as nickel oxide, none of which a re readi ly 
soluble, a re compiled in Table 5. To b r ing 
a r senopyr i t e and ge r sdor f f i t e complete ly or 
nea r ly into solution the samples had to be 
shaken f o r 4 hours and the amoun t of 
ge r sdor f f i t e reduced to 0.1—0.25 g. P y r i t e 

Mineral Weight of 
sample, g 

Leaching 
time, h Cu 

Dissolve 

Ni 

in °/o 

Co Fe 

NiO 1.0 1 0.1 

Pyrite 1.0 1 6.8 
0.5 1 8.1 
0.25 1 7.1 
0.125 1 7.5 
0.25 4 15.1 
0.125 4 12.8 

Gersdorffite 1.0 1 71 57 66 
0.5 1 74 58 66 
0.25 2 84 70 77 
0.25 4 94 91 80 86 
0.125 1 78 63 86 
0.125 2 95 95 88 86 
0.125 4 94 94 95 88 

Arsenopyrite 1.0 1 80 
0.5 1 87 
1.0 4 93 
0.25 4 102 
0.125 4 101 

Table 5. Leaching of minerals not readily attacked by bromine-methanol. 



Table 6. Selective leach by different methods. Legend: 1. dissolved 2. dissolved/total X 100 
Concentration: Ni ppm, Mg, Fe and S °/o. For the method of Katsnelson the determinations are by AAS. GO <I> 

Sample no. 

Total analysis Bromine-methanol H3O2- citrate H^OO-ascorbic acid Bromine-water 

Sample no. Ni Mg Ni Mg Ni Mg Ni Mg Sample no. 

Ni Mg Fe S 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 pH 

1 Serpentinite 1940 22.8 5.5 1.3 1860 96 0.24 1.1 1350 70 1.1 4.8 1880 97 2.8 12 2010 104 3.3 14 2.3 
Vuonos 

2 Serpentinite 2190 24.4 4.9 0.50 1710 78 0.54 2.2 1170 53 1.9 7.8 1530 70 3.4 14 346 16 1.1 4.5 5.5 
Outokumpu 

3 Peridotite 1300 18.8 8.8 0.25 343 26 0.092 0.5 195 15 1.6 8.5 489 38 3.2 17 13 1 0.42 2.2 6.3 
Kotalahti mine 

4 Ni tailings 1610 13.8 10.2 1.4 967 60 0.047 0.3 863 54 0.23 1.7 1160 72 2.1 15 1230 76 2.0 14 2.2 
Kylmäkoski mine 

5 Serpentinite 5550 22.8 11.7 1.3 4410 79 1.1 4.8 4050 73 1.8 7.9 3420 62 5.0 22 3370 61 3.8 17 4.2 
Hitura mine 

6 Lateritic Ni ore 188000 1.2 5.3 0.10 278 0.1 0.039 3.3 1620 0.9 0.095 7.9 9470 5.0 0.10 8.3 9 0.005 0.24 20 6.9 
Laryma, Greece 

7 Olivine 720 30.8 5.6 4 0.6 0.006 0.02 36 5 0.26 0.8 3 0.4 0.092 0.3 

< re p. 

o 
B 
to 3 p. 
p. a> 

•a cr 

m 

CO 
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t u r n e d out to be surpr i s ing ly d i f f icu l t to 
dissolve. Dur ing the no rma l leach of 1 hour , 
only 7 or 8 °/o of the mine ra l goes into solu-
tion. Ex tended leach does not help mater ia l ly . 
With the method of Katsnelson and Osipova, 
75 to 90 °/o of the pyr i t e in a 1 g sample w e n t 
into solution wi th in 2 to 4 hours . In practice, 
nickel oxide is insoluble in b romine-methano l . 
The out-comes of d i f f e r en t me thods a re 
compiled in Table 6. They show tha t , as f a r 
as nickel analyses a re concerned, t h e resul ts 
g iven by the b romine -me thano l and Lynch ' s 
methods are closest to each other . The method 
of Katsne lson gave average abundances 25 °/o 
lower t han those obta ined by the b romine -
me thano l method. B r o m i n a t e d - w a t e r leach 
fai led in cases w h e r e pH > 6. Less m a g n e -
s ium was dissolved in the b romine -me thano l 
leach than in the methods employed by 
Katsnelson and Lynch. Nevertheless , some 

magnes ium w e n t into solution, especial ly 
f r o m se rpen t ine and oxides. 

The repea tab i l i ty of the b romine -me thano l 
method was s tudied by submi t t ing t w o 
samples to 10 leaches each. The resul ts w e r e 
as fol lows: 

Se rpen t ine f r o m Vuonos: The solution 
conta ined 0.299 °/o Mg, SD = ± 0.057 coeff i -
cient of var ia t ion 19.1 %> and 1850 p p m Ni, 
SD = ± 17.4 ppm, coeff ic ient of var ia t ion 
0.95 % . 

Se rpen t ine f r o m O u t o k u m p u : The solution 
conta ined 0.583 % Mg, SD = ± 0.039 %>, 
coeff icient of var ia t ion 6.69 °/o and 1730 p p m 
Ni, SD = ± 16.7 ppm, coeff ic ient of var ia t ion 
0.96 °/o. 
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