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ABSTRACT

After Cu-Ni ore powder pre-soaked in AICL: solution. the leaching ratios of copper and

nickel can increase obviously. By X-ray diffraction analyses. clectron energy spectrum analyses

and electrochemical experiments. it is affirmed that. the activation of aluminum ion includes

two aspects. one is the surface change of the ore by the absorption of hydrolysates, and the oth-

et is the change of semiconductor characteristics of the metal sulfides by impurity aluminum ion

entering the lattice, so that leaching reactions are accelerated.
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1 INTRODUCTION

The traditional technology for nickel

metallurgy is based on the combining
method of the hydro-and pyro-metallurgy .

namely, ore—>concentrate—>low grade mat-
te — high grade matte — product nickel.

However, this technology has been finding
some disadvantages, such as long technical
procedure, high energy consumption., valu-
able metals large capital
ments. It is worthy to try a direct leaching of
original ores under.atmosphere pressure.

Comparing with high grade nickel mat-

lost and invest-

te, original ore’s composition is more compli-
cated, its contents of valuable metals are
much lower. interference factors are much
more, its crystal structure is not benefitial to
leaching without being treated at high tem-
perature let alone under atmosphere pressur-
¢. So, the activation and catalysis to leach-

ing processes are very important and alu-

a Supported by the National Nature Science and the fund of Natione

20.1893.

minum chloride was found by our experi-
ments. After the original ore pre-soaked in a-
luminum chloride solution, the leaching ra-
tios can increase obviouslyv. as shown in

Table 1.

Table 1 Effects of AICL, activation
on leaching ratios of copper and nickel

content in leaching ratio increased
oniginal alter by
) original . e
ore acrivated percent
Ni( ") 1. 62 30. 21 12,19 39.52
Cul ") 0. 45 2001 58. K 116, 2

Notes. (1)Soaking ore powder into | mol/dm* AICI,
solution lor 20 h belore leaching, the leaching ratios of cop-
per and nickel are mdividually calcufated with the total con-
tents in soahing and leaching solutions.

(2) Leaching conditions; (.5 mol/dm" FeCl;, 0.3
mol/dm” 11CI.85 ( « 3h, L/S=8;1,

der. mechanical stirred.

[0g— 200 mesh pow-

( 3)The original ores came from some provinee, in
which copper and nickel are existed in forms of CuS; and
N1 S respectively . and the total content of these two metals

is abour [0 .

Fducational Committee for ductor degree; Muanuseript received Feh.
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After ore powder soaked in AICI; solu-
tion, the leaching ratio of copper doubled.
and that of nickel also increased obviously,
if the soaking period prolongs for 36 h,
leaching ratio of nickel increased by 88 %%.
However. the leaching ratios can not meet
the need of industrial requirements. so we
are working for further research. And now.
we just discuss the activation mechanism of
AICI; to Ni3S.. Pure NiiS. used in this re-
search was synthesized with pure sulphur
and nickel, and tested by X-ray analysis to
be pure Ni:S, phase.

2 EXPERIMENTALS
2.1 Chemcal Avalyses

After soaking ore powder ( — 200
mesh) into 1. 0 mol/dm?* AICl; solution for
20h, about 5~ 105 of copper and nickel
in the soaking solution were detected by a
WYX — 402 atomabsorption
tometer.

spectropho-

2.2 X-ruy Inf fruction Analyses

After being soaked in AICL; solution.
then filtered. washed and dricd. the ore
powder was analvzed by X-ray. The XRD
specirum shows a few ALS. and/or AL.O. in
the sample (these two matcrials is very diffi-
cult to be distinguished ).

The synthesized Ni,S. was also used for
the above analysis, and the lattice constants
were calculated respectively before and after
soaking . results are listed in Table 2.

The tested wvalues arc very close 1o
In Table 2. the con-
stant ¢ is of somewhat difference after soake-
d. i. e. , the length of = axis of Ni;S. lattice

those in literaturel'l.

becomes a little short. In periodical table of
chemical elements’®!. AI®" has its ionic ra-
dius of 51 pm. which is smaller than Nj“~

(69 pm) and also smaller than the lattice
constant of Ni3S; (57 pm). So it is possibie

for AlI” to enter the lattice and replace Ni.
Table 2 Latticc constants of NijS,

ai b/ A e/ A
hefore activating 5. 7438 h. 7438 7.1352
alter activating 5.7148 5. 7438 7. 1316
in diterature] | ] 5.74 5. 74 7.139

G () R0 /(%)
before activanng  90. 0000 90. 0000  890. 0000
after activaung  90. 0000  90. 0000  90.0000
in literarure[ 2] 8Y. 175 89. 475

2.3 Electrockeuncal L perunents

Experiments were performed with
EG&.G PARC Model 351 system, K0047
cell. synthesized Ni;S- as working electrode.
graphite as counter relerence electrodes. Po-
tentials in this paper are all vs. SCE. Fig. |
shows the cyclic polarization curves with 5
mV ‘s Tor scan rate.
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Fig. |  Cyelic polarization curves of Ni.S.
Curve |—synthesized Ni,5S. pre- soaked in

1. 0 mol/dm AlCl: solution for 10h;

Curve 2—After experiment for curve |, the
Ni.S+ electrode was carefully polished with fine
sand paper for 30s;

Curve 3 --Ni.S- electrode was polished for an-
other 90s.
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In curve 1, a peak appears at 1. 150V
for the activated NisS, electrode, it is also ob-
vious in second curve obtained after the elec-
trode has been scrapped off a thin layer. If
a further layer of the elecirode was
scrapped, then the peak disappeared from
the polarization curve. So, there were some
things exactly existed on the activated elec-
trode’s surface and they changed the sur-
face's characteristics, and the content of the
new materials changes with the depth of the
electrode.

2.4 Blectron Energy Spectrum Analyses

The X- ray photoelectron energy spec-
trum (XPS)of the original surface of the ac-
tivated synthesized NisS; is shown in Fig. 2.

From Fig. 2, we can ascertain the exist-
ing state of aluminum. Theoretically, the
binding energy of electron of C atom is
284.6 eV, but its corresponding peak ap-
pears at 290. 3 eV in Fig. 2, so the system
has an error of 5.7 eV (290. 3 — 284. 6 —
5.7). In other words, the aluminum peak
for its 2 p electron appears at 80eV, so its

b
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Fig. 2 X-ray photoclectron energy spectrum

exact binding energy is 74. 3 eV, which is
very close to the standard values of Al.S,

(74. 2 eV )yand Al,O; (74.5¢eV). Fig. 3 is
the results of XPS depth analysis, which
shows the relation of aluminum content with
the depth. From outside to inside, there is a
content gradient. First, we can see a con-
stant high aluminum content because of the
absorption materials on the surface, alu-
minum content decreases rapidly, and then
remains constant again, so aluminum must
enter the lattice besides its absorption on the
surface.

-
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Fig. 3 XPS depth analysis
starts 77.2e¢V: end. 84. 2eV

3 DISCUSSIONS

From above the followings can be af-
firmed. (1) After Ni;S. pre-soaked in AlCI;
solution. there is a layer of new materials
absorbed on its surface, which are tested to
be Al-S; and/or Al.Q; by X-ray and XPS
analyses. (2) The soaking solution contains
some copper and nickel ions. and XPS also
shows a constant aluminum content inside
the Ni.S. surface aflter activared. so alu-
minum must enter the suifide lattice and re-
placed some nickel and ccpper icns. On the
other hand, the change in lattice constants
also affirms this hyvpothesis.

Ni,S- belongs to hexagonal crystal sys-



.96 . ‘ TRANSACTIONS OF NFsoc Nov. 1993

tem, Sulphur atom arranges in the body-cen-
tered cubic form, four nickel atoms combine
a sulphur atom to be the tetrahedral configu-
ration’®, as shown in Fig. 1. Differentiated
with general standard ionic crystals, Ni,S.
can not be analyzed with typical electrostatic
and ionic crystalline field theories. Accord-
ing to molecular orbital theory and coordina-
tion field theory. the 34 .4~ and 4 p orbits
of nickel atom can form molecular orbits by
overlapping with 2sand 2 porbits of sulphur
atom, which enhances metallic coordination
bond and raises the energy difference be-
tween orbits, and so Ni3S- is of some charac-
teristics similar to alloy or semi-metal.

Fig. 1 Latticce of Ni-S.
f!)—Ni; o S

Many papers have said that highva
lence ions can strongly affect the surface of
solid particles, and their absorption capaci-
ties and effections on double-layer obey the
following sequence, Fe! > H > Al' >
Ba®">> Ca“ >> K7™ > NH; > Na +----: L1]
and, ionic absorption and ion-exchange can
alter electric characteristics and electric po-
tential.

During the copper-nickel ore soaked in

AICI; solution. aluminum ion enters the doy
ble-layer on the particies surface, and then‘|
hydrolyzes ’
Al +3H.O=AI(OH); +3H"™
Also aluminum replaces nickel in Ni;S, lat
tice to form a complex ( Al-S)sulphide, and
then hydrolyzes in the surface layer as
Al-S +H.O—AI(OH);{+H.S
This is the reason why there is a little smel]
And the hy-
drolytic product AI(OH); decomposes contin-

of H-S during pre- soaking.

uously ;

AlCOH)s—>ALO;

Al-O; or Al.S; absorbed on the particles
change the surface’s characteristics. And at
the same time. the semiconductor of NisS,
would have some differences because of dop-
ing of impurity aluminum in lattice (similar
to p-type ), its clectric conductivity is en-
hanced and more beneficial to the leaching
reactions.
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