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Table 1 The main components of nickel laterite Co
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Fe 7 ~56 TiO 0.004 ~0.09 P
Si0, 4~50 Cr, 0, 0.8~5 S
MgO 0.5~35 Ni 0.3~3
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Ca0 0.03 ~3 p 0~0.03 Si.Mg. Al.P.S 5
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Table 2 Effect of iron matrix on element determination
a,la, b, —b, a la, b, —b,
Ca 0.926 3.03 As 0.929 - 0.105
Mg 0.952 - 0.413 Zn 0.811 3.356
Al 0.984 - 3.16 Cr 0.944 - 0.682
Mn 0. 864 -5.82 v 0.902 0.424
Cu 0.947 1.08 Ti 0.946 0.241
Pb 0.861 0. 642 Co 0.859 - 0.459
Ni 0.802 - 1.54 Cd 0.887 - 1.19
Lay a,
i by b,
3.1.3 X
XRF 1077 ~1
( Al.Ca.Cr.Co.Fe.K.Mg.Mn.Ni.P.S.Si.
Ti.V) 10-13 Co+P.Ca.Cr.Ti.Mn
10°* o
ALLSi Ti.V
P.
XRF
1 Ni231.604 nm.Co228.616 nm  Cu 324.754 nm °
Fig.1 The interference curves of Ni 231.604 nm Co 228.616 o
nm and Cu 324.754 nm .
~ 13 D
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Table 3~ Sample preparation methods and analytical techniques for nickel laterite
Ca 422.7 nm.Mg 285.2 nms,
0.1 mL - 10 mL
Ca Mg 0.1¢g 2 0 FAAS 0.002% ; 0. 001% 14
-5 mL -5 mlL .
. 1 0.2¢g 15 L -5 L
Cd ~5 . 3l . FAAS Cd 228.8 nm 14
0.2 g 20 mL - 10 mL
Co ~5 il 5l . FAAS Co 240.7 nm 14
10.1~0.5¢ 5 ~10 mL 5 ~10
Co Ni mL 0.5 ~1 mL o FAAS Co240.7 nm.Ni 232.0 nm  352.3 nm 15
Cr 10.2¢g 2 mL -2 mlL -5 mlL FAAS Cr 357.9 nm; - ; u
-2 mL ; -
105¢g 15 mL -5 mL -5 mL
-1 mL o
1 05¢g 1.3¢g -2.7¢g
Cr Cu Zn 800°C 20 mL o FAAS Cr 357.9 nm+Cu 324.8 nm+Zn 213.9 nm 723
- 105 ¢ 30 ml
—10 mL 5~6¢g 700°C
D0.5¢ 15 mlL -5 ml
o 324.
Cu =5l 1l . FAAS Cu 324.8 nm 14
:0.1~0.2 ¢g 10 mL -5 mL
Mn -5 mL -2 mL B FAAS Mn 279.5 nm 14
Ni $0.1g 6l =2mb =2mh S NI 232.0 im 14
-1 mL B
1 0.1g 15 mL -5 mL
i ° FAA! Ni 232.
Ni 0.1 g g 600°C S i232.0 nm 30
15 mL
Pb $0.1-05¢ 15 ml. =5 ml. FAAS Pb 283.3 nm 14
-5 mL -2 mL o
: %’ lsi,L 6ml —2mk -2 ml Zn213.9 nm 0.05%
Z ’ ° FAAS 30% 22
" [0.1g 4g 750°C 20 ml. ’
25% 1 B
:0.1g mL -2 mL -2 mL
7Zn —%.511]_‘ 6 . FAAS 7Zn 213.9 nm 14
L0.1~0.5g omL - -
Hg (1:3:4) . . AAS  Hg253.7 nm 14
Al Cr F(': Mg EDXRF Al 1.49 keV Cr 5. .42 keV Fe 6'. 4 keV Mg 1.42 "
Mn Ni Si keV Mn 5.9 keV Ni 7.48 keV Si 1.74 keV
Ca Cr Fe Mn
Ni Ti Zn EDXRF - 10
Al Ca Cu Fe Mg - (12: 22) °
Mn Ni P Si Ti 1:10 WDXRK o 1
o
Al Ca Cr Co Fe - (67 :33) N N o °
WDXRF 15
Mg Mn Ni P Si Ti 1:10 Co Fe KB, Co Ka
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( 3)
Al Ca Cr Co Fe - (12:22) o Co
WDXRF 14
Mg Mn Ni P Si Ti 1:10 Fe KB, CoKa
Al Ca Cr Co Fe S
@ o 2e - (67 33)
K Mg Mn Ni P o WDXRF . a 12
SSiTiV ’
Al Ca Cr Co F .
\ aMr Nf’ g - (67: 33) 1:20 WDXRF 13
e g n 1 D1 ]150°C (¢
0.2g 0.9¢g - Co 228.616nm.Ni 231. 604 nm Y 224.306 nm
Co Cu Ni (2:1) 1000°C 20 mL 50% ICP - AES o Cu 324.754 nm Y 371.030 nm 26
1228. 7. 862 4. 754
Ca Cd Co Cu 0.1 g 5 o ~15 nl ‘ Cd 228.802 nm Co 237. 862 nm Cl,} 3 54 nm
Me Mn Ni Pb 7 3l ICP - AES Mg 285.213 nm Mn 257.610 nm Ni 221. 647 nm 27
g M b an mom ’ Pb 220.353 nm Zn 213.856 nm Ca 393.366 nm
Si 251. 611 nm Ca 315. 887 nm Mg 279. 553 nm
Al Ca Cr Co Mg ©0.5¢g 0.8 ¢ -0.4 ¢ ICP - AFS Al 308.215 nm Mn 257. 610 nm Ti 323. 452 nm 28
Mn Ni Si Ti 950°C o B Cr 267.716 nm Ni 216. 556 nm Co 228. 616 nm.
10.2¢g (5~10 mL) -(5~10 .
. i Ni 231. 604 nm Mg 383. 829 nm Al 308. 22 nm
Al Co M L -5 mlL \ ICP - AE
Co Mg Ni - ml) >m ¢ S o 228.616 nm. 6
Ca Co Cu M 1 0.2¢g 20 mL -10 mL Ca 317.933 nm Co 228. 616 nm Cu 327.396 nm
;4 ?\1 ';) zg ~10 mL -5 ml . ICP—AES Mg 280.271 nm Mn 257.610 nm Ni 231.604 nm 14
no e an P 178.287 nm Zn 206.200 nm
Ni 231. 604 nm Mg 383. 829 nm Al 308. 22 nm
0.2 6 mL —4 . -5 mL
Al Co Mg Ni P | ngL ICP-AES  Co 228.616 nm P 213.618 nm. 15
o 10.1¢g 10 mL -5 mL o« Ni231.604 nm Mg 280.270 nm Al 394.401 nm
AlCo Mg NiFe o . ICP=AES (228,616 nm Fe 238.204 nm 3
1 0.1¢g 6 mL -2 mL
i P - AES i 231. 371.03
Ni L 10 L 5% ICP-AES  Ni 231.604 nm Y 371.030 nm 25
c0.1g 15 mL -5 mL .
Ni -2 mL -2 mL o UV -vis o 460 nm 21
c0.1g 15 mL -5 mL .
Ni -2 mlL -2 mL . UV —vis +5% 2.0 pg/mL Ni 31
o 460 nm
1.0 g 15 mL -5 mL o
) , s 3
Ni ~5mlL ~5ml . UW=vis a0 om 2
c0.1g 15 mL -5 mL .
i TV - vis
Ni 2l 2l . UV —vis + 460 nm 14
00.2~0.4 ¢ 10 mL - 10 mL
TV - vis - s o
P ~(5~10 m) L -5 L UV —vis As 690 nm 14
As Bi Sb 10.2g 12 mL AFS - 18
0.2 10 mL -5 mL 0. 19 -
As 0-2¢ Om 5 mL. 0. 1% AFS 19
-2 mL o
0.2 10 mL -5 mlL 0.1% -
As Bi Sh 3 fnL om % AFS 14
S0.1g 10 mL -5 mL
. C ICP - MS - 14
Se Cd s ol ] CP-MS
1 0.5¢ 33%
F Cl 10 mL 0.2 mol /L. - 14
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Mg -(5 ~é (r)r;Lz) ’ -3 IEITHL o EDTA ) 14
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Research Progress on Sample Preparation Methods and Analytical
Techniques for Nickel Laterite

YAN Na' ZHAO Xiao-ong® ZHAO Sheng-guo' ZHENG Hong-wen'
(1. Gansu Entryxit Inspection and Quarantine Bureau Lanzhou 730010 China;
2. Northwest Normal University Lanzhou 730070 China)

Abstract: With the depletion of common sulphide nickel resources nickel laterite is becoming more attractive as
nickel oxide nickel matte and nickel-iron amongst others can be produced directly. For the determination of
major minor and trace elements in laterite nickel ore many kinds of measurement methods for a given element and
many differences of details between detection methods based on the same principle are available making it difficult to
select the appropriate method. Recent research in the pretreatment method and technology of the detection of a
number of elements (Al As Bi C Ca Cd CIl Co Cr Cu F Fe Hg Mg Mn Ni P Pb S Sb Sc Si
Ti Zn) in laterite nickel is reviewed in this paper. The proper pretreatment methods were selected according to the
target elements and detection method. Acid dissolution and alkali fusion as the pretreatment methods are most widely
used now. Although acid dissolution introduces less salt and operates more simply the volatile elements such as As
Sb  Bi and Hg are often lost in the decomposition process while Cr is frequently lost by smoking with perchloric
acid. Alkali fusion has better decomposition ability for Cr Si and total iron while the subsequent analysis is
difficult because impurities as well as many other salts are introduced due to the loss of crucible material and the
melting process. The determination techniques of nickel laterite are chosen on the basis of character and concentration
of target elements and the equipment in the laboratory. Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES)  which is suitable for the determination of elements content from 10~ to 30% is the main analysis
method of major minor and trace elements. X-ray Fluorescence Spectrometry ( XRF) is used to analysis elements
content of 107> =1 in samples especially for the detection of Al Si Ti V and P. This method whose accuracy
relies on a set of high quality standard sample is suitable for spot detection and determination of the large numbers of
laterite nickel ore samples. Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) is appropriate for determining
heavy elements with the content of less than 10 ™* in samples especially for the rare earth and noble metal elements.
Atomic Absorption Spectrometry ( AAS) is adopted in the determination of the low boiling point elements with the
content level ranging from 10 to 10 > which are liable to atomization such as Ca Mg Ni Co Zn Cr and Mn.
Spectrophotometry is mainly used for detecting the Ni and P while Atomic Fluorescence Spectrometry ( AFS) for the
measurement of elements which were easily to form gaseous hydride such as As Bi and Sb. Some main content
elements like Al Fe Mg and SiO, are analyzed by Volumetry. Although the detection period is a little longer
AAS  Spectrophotometry AFS and Volumetry which just need common equipment meet the daily determination in the
laboratory which lacks large scale equipment. In order to solve the applicability and other existing problems it is
necessary to study the microwave digestion method direct mercury analysis method ICP-MS method and rapid
determination of Cr and other elements. The progress in establishing appropriate detection methods is certain to serve
the trade analysis and comprehensive utilization of laterite nickel ore.

Key words: nickel laterite; sample preparation techniques; acid dissolution; alkali fusion; Inductively Coupled-
Atomic Emission Spectrometry; X-ray Fluorescence Spectrometry; Inductively Coupled-Mass Spectrometry; Atomic

Adsorption Spectrometry; Atomic Fluorescence Spectrometry; Volumetry



