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Effect of phase transformation on
chloridizing segregation of laterite ores

LI Xin-hai, ZHANG Lian-xin, HU Qi-yang, WANG Zhi-xing

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Under conditions of chlorinating agent dosage (CaCl,-2H,0) of 8% (vs mass of raw ore), reductant dosage of
6%(vs mass of raw ore) and heating rate of 5 ‘C/min, the chloridizing segregation of nickel laterite ores from Philippines
was carried out, and the phase transformation of chloridizing segregation of nickel laterite ores at temperatures up tol 000
‘C and the phase reversibility with cooling were investigated by TG-DTA and XRD. The results show that the Fe-rich
forsterite is formed with the ferrous oxide entering into the serpentine at 700 ‘C. Therefore, the lattice structure of
serpentine is failure, which is beneficial to chloridizing segregation, since the activity of Ni is enhanced, and the chlorine
that is released from chlorinating agent acts as the medium of the transfer of iron. The phase is not changed obviously in
the cooling process. When Fe;O,4 adding in the raw materials is 10% (mass fraction), the grade in the concentrate of Ni

reaches 13.14%, and the recovery achieves 80.12%, which increases by 10% compared with that without adding Fe;0,.

Key words: nickel laterite ores; chloridizing segregation; phase transformation; phase control

PR TorEotsE, e aa 0.008%(iHE 7
), EOHITHEIIEE 24 7. (e EAE T4
B ABALEY T, S4h, WA R T REE
w2 AR PR R R 70%. BUK H AT
TRACERAT DR R BRI B, (R = i A Ak
BRI, BB 1 AT IR FCLL T B S R,
2P Har, HIZ4 H8e R BN RN E L T

BEEWEB.: EEESSEAMTOL I B)IH (2007CB613607)
Yrks HER: 2010-06-18; f&ITHHER: 2010-07-29

a2 % < TR NS o Y 1)5'% 8 =2 SN A I . 9 B
W LR = o PRI, XL R AT AR 2
WL

AR, AATSHT 4 (& ST R AT T
EANIHIFT. MA Hl PICKLES™ 2 USLU 2505741
AT BN, LTU ST 58 T gk n B
FE b SR D RS BEIb T . Rt al. GAbFnRps,

WIEEE: W, #d%, it HiE: 0731-88836633; E-mail: lianxin-zhang@126.com



F21EE T

ST & 3 JFRR R4 JR 77 FH 2 40 4
SALBHTRIE M, AHRXNA A E A BT R
AL AT HF9E . R4S VALIX F1 CHEUNG! .
LI %58 CHANG 2P 40 4500 518 J5US R
AL BEAT THF5Y,  H RHAMDHANI 21 sy T
L1 U MR E PSR . AR AL
Je SN T 2, ABSKHET AR 1 Sk B AT A R B
W, BFUAEEA T R, SO BRI IT R i
RREEMEM . ik, AAE#E KM TG-DTA Hl
XRD A, WF5T A 24 A R AL B AT AR A
ARG AR BT R R . I I,
Pl BT RE A AR Ak, DU A B A BT R R

1.1 R

ARSI BT AL 880 D B A e S0 AR IR A
M mEs e IRk 8, s Wk 1,
XRD YIAHAHTEE R 1. R RE N 0.12~0.15
mm; FALFIRH CaClL-2H,O0 H &= 4 54 & 1)
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Table 1 Chemical composition of nickel laterite ores (mass
fraction, %)
Ni Co Fer MgO SiO, CaO
1.22 0.14 11.2 11.55 32.8 3.15

o * — Mg;Si)(OH),05
o — SiO,
v — MgCO,
+ — Fe;0,
] MY .O - o v . °
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Fig.1 XRD pattern of nickel laterite ores
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Fig.2  Schematic diagram of roasting equipment: 1 —
Corundum tube; 2-— Temperature control instrument; 3 —
Thermocouple; 4 — Electric heat furnace; 5 — Porcelain

combustion boat; 6—Nitrogen steel bottle

0.1 L/min FJFERAE R B8 S FREE IR
FNRAIIE), MG /K IEBRA BB AN 15~20
mm FZERE BEARUBRNBE S, PR TN 5
e, ARJE, LLS C/min [THEHR T S 15 € i
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Fig.3 TG-DTA curves of raw ores(a) and raw materials(b)
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Fig.4 XRD patterns of chloridizing segregation of nickel

laterite ores during temperature increase process
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Fig.5 XRD patterns of chloridizing segregation of nickel

laterite ores during temperature decrease process
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Mg;Si>(OH)405(s)=Mg3Si,05(s)+2H,0(g) (3)
CaCly(s) +H,0(g)+Si0,(s)=—CaSiOs(s)+2HCl(g)  (4)

CaCly(s) +H,0(g)=—CaO(s)+2HCI(g) (5)
Fe Z 511 s N Ky
Fe;04(s)+8HCI(g)=FeCl,(s)+2FeCl;(s)+4H,0(g)  (6)
2FeCly(s)==2FeCl;(g)=—Fe,Cly(g) (7)
Fe,Clg(g)+2H,0(g)=2FeOClI(s)+4HCI(g) (®)
6FeOCI(s)+3H,0(g)+CO(g)=—2Fe;04(s)+
6HCI(g)+CO(g) )

MBI T 560 °C, WIARFE AR PR S SN

Mg;Si,04(s)+3FeO(s)+Si0,(s)=3(Mg,Fe)SiO4(s) (10)
Mg;Si,O4(s)+3Ca0(s)+Si0,(s)=3(Mg,Ca)SiOy(s) (11)

Fe 2 5 [ [

FeCly(g)+H,0(g)=FeO(s)+2HCl(g) (12)
Fe;04(s)+CO(g)==3FeO(s)+COx(g) (13)
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Fig.6 Effect of dosages of Fe;0,4 (a) and Fe (b) powders on

grade and recovery of Ni

X 6(a)FI(b) I, 4 Fe;O4 A 10%
B, BEMTRLE GRS TR AR I AL 13.14%, BRI
HRIA B 5 KA 80.12%: 114 Fe By A &R 0.2%H,
NG JE RS TP AR I S 19.21%, BRIF R
Flld5 KAH 76.23% 0 3X A T8k M58 A 0T 245 2 i AL
AUTHRE, SPEE VRS S IR I B2 . ARl
JEF Fe M Fe;04 5 HCI S SN 1175 4 1 1 HH A8 L
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B ST A S S SR B ) 10%, 348 5]
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'C, EMTINTEY 60 min, KFRPRLERIL Y 0.038~0.048
mm. FEZREN 0.3 T MIRESPE T, Frig 2 A
MR XRD 1wl 7 fros. A 7 AT RUE i
RO ) M Feu NiFe. (MgosoFeq.52Cag,00)SiOs
HI(Fey 0aMgooa)SiOss BB FEEMAA SiO,. Fe.
(MgoA39FeoAszcaoA09)SiO3 il (F€1A04MgoA94)SiO4 . BT %Bﬁj\
PR A5 MM RS BAE i, AEER I RE P i
AREE A, WK, My h R EH AR w
(MgoA39FeoAszcaoA09)SiO3 %ﬂ(F€1A04MgoA94)SiO4 °

%2 AR N Fe fl Fes04 55 HCL A S M1 4 A 7 1
i fig

Table 2 Gibbs free energies for reactions between Fe or
Fe;0,4 and HCI

AG/(kJmol ')
Temperature/
Fe+2HCl= Fe;0,+8HCl=
FCC12+H2 FCC12+2F€C13 +4H20
400 —41.37 -72.17
600 —94.8 —197.39
800 -151 —324.69
°— (Mg 39Fe)55Cay 09)SiO; (a)
v — Fe; 0sMg 9510,
+— NiFe
*— Fe

10 20 30 40 50 60 70 80
200(°)

. b
¢ o (Mg 3oFe)55Cay g9)SiO; ®)
v F?1.04Mg0.965104
+— SiO,

*— Fe

10 20 30 40 50 60 70 80
26/(°)
B 7 SULAAE BN MY XRD %
Fig.7 XRD patterns of nickel laterites concentrate(a) and

tailing (b) under optimal conditions
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