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DETERMINATION OF NICKEL AND COBALT IN COPPER ORES AND
 
CONCENTRATES BY ATO.M1C ABSORPTION SPECTROMETRY
 

Borka Ristova, Trajce Stafilov* and Milan Ristov 

Mining and Metallurgy a/Copper "Bucim, " 92420 Radovis, Macedonia 
• Institute 0/Chemistry, Faculty a/Science, "Sv, Klril & Meth odij" University, 

POB 162. 91000 Skopj e, Macedonia 

A method for nickel and cob alt det ermin ation in coppcr ore and concentrate by atomic ab sorpti on spectrometry is 
pre sent ed . Inve stigations of thc matrix interferences showed that copper, iron, calcium, magnesium, aluminum and lead do 
not influence nickel and cobalt abs orbance. The meth od was chequcd by the standard addition method, and by co mparng 
o f the result s obtained and by spcctrog raphic anal ysis . 
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INTRODUCTION 

It is very important to follow the presence of 1988; Baros, 1989) , or electrothermal AAS (Schweizer, 
nickel and cobalt in copper ore and concentrate be 1975; Schroen et al. , 1983; Kuroda et al., 1986). 
cause in copper production, they pass into a metal In this work a method for direct nickel and co 
phase, and thi s contaminates the obtained copper. The balt determination in copper concentrate by flame AAS 
nickel and copper determination in geological materi is presented. Inve stigations of the matrix interferences 
als is performed by various methods, but atom ic ab showed that copper, iron, aluminum, calcium and 
sorption spectrometry (AAS) is one of the most fre magnesium do not influence nickel and cobalt absor
quently applied. In addition, different technique of bance. The method was chequed by the standard addi
AAS is used: flame (Endo et al ., 1969 ; L. Beccaluva tion method, by comparing the results obtained by
and Venturelli , 1971; Warren and Carter, 1974 ; Ay spectrographic analysis and by analyses of referent 
ranci, 1977 ; Clark and Viets, 1981, Casti llo et al ., standard samples. 

EXPERIMENTAL 

lnstrumen ta tion Table I 

Instrumental parameters for bismuth 
A Perkin-Elmer M 5000 atomic absorption determination by AAS 

." """' ~ ~ .......-v. " .
 

spectr ph tom eter was applied. A bismuth hollow Parameter Nickel Cobalt ............................................................................................................................
 
cathode lamp vas used as a source, while a deuterium Wavelength , 11m 232 .0 340.7 

lamp was used as a background corrector. The instru Slit width , 11m 0.2 0.2 
Lamp cu rrent, rnA 25 30mental parameters are given in Table I . 
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Procedure	 distilled water was added and the solution was heated Table 
for another 15 minutes. The solution wa s cooled a ~ Resu 
filtered off, The filtrate was collected in a volu metn .. are a, 
flask of 100 crn', and filled with distilled water: fr5 g of cOfper concentrate were taken into a and b 
this solution the determination of nickel and cobalt r;beaker of 400 ern and 45 crn'' concentrated HCI and 15 
AAS was performed. crn' concentrated HN03 were added, This solution was 

heated 30-40 minutes on a hot-plate. Then, 25 em' 
Sampl c 

'c';; ';;~~"i ' " 

Cu ore 2
RESULTS AND DISCUSSION 

Cu con ccn ._ --

In the application of AAS it is necessary to Table 2 
cheque the possible interferences on the determination Results of the determination ofnickel in copper or. 
of the inve stigated element, especially when the sam and concentrate samples by standard addi tion 
ple is of a complex composition and the determined method (given in %) AYf<lnci,8.. 
elements have very low concentration. sUi,

" To avoid these interferences in the nickel and 
Copper ore Baros, J. S, 

cobalt determination by flame AAS in different geo cad, I ' 0.0016 
logical samples a matrix modification (Endo et nl., flam 2' 0.OOD5 0 .00 21 0 .0021 1 
1969 ; Komarek et aI., 1992 ; Nakamura et aI., 1992), or Bcccaillva, L3 ' 0 .00 10 0.0026 0 .0025 % .2 

dere, extraction of nickel and cobalt (Langrnyhr et al., 1974; 4' 0 .0015 0 .0031 0.0031 I 
Tarasevich et aI. , 1975 ; Hannaker and Hughes, 1977 ; 5 ' 0 .00 2 0 .00 36 0 .0035 9 

Sor 

Donaldson, E
Sanzalone et al ., 1979 ; Clark and Viets, 1981; Guskin  6' 0 .00 25 0 .0041 0 ,0042 1 . -- muth .
skii et al ., 1982 ; Donaldson, 1989) were applied. Copper concentrate	 atomi 

I '	 0 .003 8 extrat 
It was necessary to see the eventual influence of 

2 ' 0,(101 0 .004 8 0 .0048 EOllo, Y., Bar. 
the elements of higher concentration in copper concen Pb an 3 ' 0.002 0 .005 8 0 .005 6 
trates (copper, iron , calcium, magnesium, aluminium 13UI1 SC 4' 0 .00 3 0.0068 0 .0068 
and lead) on the nickel and cobalt determination. For CastiJJo, J. R., r,5 ' 0 .004 0.0 07 8 0 .0079 
this purpose, a series of solutions with a constant con comp o: 

0' 0.005 0 .00 88 0 .0087 12. centrations of nickel and cobalt (10 mgcm-3), and dif
Clark, J. R., Vic ferent concentration of the potential interferent ele

determi
ments, were prepared, The investigations show that the Anal. C 

Table 3 presence of calcium, magnesium, aluminum and lead Hannaker, E. P.. 
(from 50 to 250 g 'cm", corresponding to 0.1 to 0.5 % Results OF the determ ination ofcobalt in COp'~  geologi< 

in the solid sample) and copper and iron (up to 16 and concentrate samples by the standard a atomic a 

mgcm', corresponding to the concentration up to 32 method (given ill ~~) 

'Yo) do not interfere the absorption of nickel and cobalt. 
Because of that, it is possible to determine nickel and 
cobalt in copper ore and concentrate by the proposed 

[' 0 .0 1procedure by flame atomic abs orption spectrometry. 
2 ' 0.0005 0 .0019 0 .00 19 ' 

3' 0.0010 0 .0024 0 .002
This procedure was chequed by the standard 

4' 0 .0015 0.0029 0 .OO~9 :
addition method and by comparing the results of nickel 

5 ' 0.002 0 .0034 0 .00 3 ' 
(Table 2) and cobalt (Table 3) concentration obtained	 c6' 0 .0025 0.0039 0.00 
by the proposed procedure were compared with the Copper con centrate 
values obtained by the spectrographic method, From l' 
the results given in Tables 2 and 3 one can notice that 2' 0 .001 0 .0044 
the recovery values are very satisfactory (98.5-102,6 3 ' 0.002 0 .0054 
%). 4 ' 0.003 0.0064 

5' 0 ,004 0.0074 

The method was chequed by the comparison of 6' 0.005 0 .00 84 

the values for nickel and cobalt by the proposed proce
dure and by the spectrographic method, too . The re It was also found that the val.ies 
suits given in Table 4 show that nickel and cobalt val nickel and cobalt concentration in one 0 ; 
ues are similar to those obtained by the spectrographic concentrate referent standard sample are 
method. to the certified values (Table 5) . 
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Table 4 

Results ofnickel and cobalt determination in copp er 
ore and conc entrate samples by the proposed method 
and by laser spectrographic (L8) and spectrographic 

methods 
............................................................................................................................................................................................................................................................................. 

NICK EL ('Yo) COBA LT ('Yo ) 
---_.~------

Sa mp le Proposed LS Prop os ed Spectrographic LS 
method method metbod 

Cu o re I 0.00 16 0.00 2 0.0 0 13 0.001 5 0.00 1 

Cu o re 2 0 .0016 0.002 0.0013 0.00 1 0.001 

Cu concentrate 0 .0038 0.00 5 0.0056 0.00 3 0.006 
_._----------~-

Table 5 

Determination ofnickel and cobalt by the proposed 
method in referent standard copp er ore and concen

-~ 

Referent 
standard 

sample 

trate 
~_ ..,.,.......... ~.............. 

NICKEL ('Yo) COBALT ('Yo) 
...................................................................................................
 

Certified Proposed Certified value Proposed 
value method metbod 

SU- Ia (O re) 1.233 1.22 8 0 .0041 ± 0.001 0.0043 

NR-3 
(Concentrate) 0 .04 ±0.002 0.0037 0.0074 ± 0.002 0.0073 
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