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Abstract: The dehydration mechanism and reduction process dynamics of laterite nickel ore were studied. The results
indicate that the dehydration of free water, the decomposition of goethite and the dehydroxylation reaction of kaolinite
and serpentine as well as the second period reaction of dehydroxylation for serpentine mineral all take place in the
process of heating. The reduction of laterite nickel ore consists of three stages. Chemical reaction is the controlling unit in
the first stage, the activation energies of the precalcined and unroasted laterite nickel ores are 90.21 and 63.12 kJ/mol,

respectively. Diffusion is the dominant link in the following two stages, in which the activation energy of laterite nickel

ore gradually increases.
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MUBE R AR Ik . SR LB AT T W52
FELT A K M LERIE 7 5 1T, i S5 A e pe e
TERYHHAT T XRD AT AT, AR, %R
B LS 85 Sk AR S R B RER SR o 2, B
Yirb G A A (MR R R 2R ) S BRI T T I
() 3 B TR RSB sk LT -0 i K R ) 5
RIS IER T BR N 600 'C T HEHE] Ay 40 min.
Rl oA 800 °C v K5 BE[A] A 80 min B, £L L4
(17 25 KR 46 7K B4 RE A A I B o IS5 0% 41+
B BET T DSC 737, #5105 C FHETIRA RN -
BT, AFEINEAE 1000 °C, JREHR N 15%, I
5. 01%A T AR, S5 EOK SRR T 9.99%, 45t
K RACT 2.03%. EPWAMEE R SALDIE
EM@ﬁﬁTiémﬁ%,H%%ﬁﬁﬁiwwmﬁ
R AR Y U BRI R P ST Ek

E%&FWWYSMKBWWWH%T%E%#T%
ik Ffil Hy, B 5 Fe,O5-NiO R BN 1%, KILEH

Fe,0;-NiO R EGWIIIE IR s AT AT, TEHRAE
SRR, IR — R A A . CORES 451
WEGE T FHIEERS A Hy 38 J5 NiO-FesO, UL, K ILIAJH
IYPEHET, 20 NiO Al NiFe,04 B IR, SR)5
ALY L R . ABDEL-HALIM 28RS T
800~1 100 CF[HfA#KIL)E Fe,05-NiO HKE 514K}
A2 Fe-Ni 4230 )%, IR IR FE A NiO 7 511
e, BREAENIINE U SRR, ARG T Ik S A
HARBE (K1 S s il 2 TSR FH A AR A o BT
WFFLT 200~950 C MR L IR LT HE 1B 1%, Kk
LA JERERE 4 4 200~500 C AT 500~950 C I ANK L,
SVEAGBE S 171.91 F1 52.75 kJ/mol, [ JWidR
EH B PR AR S A 1

UL AER, 20 AR YR R ER R T AE [ Py Ok R,
R 2T A5 KW LB R JR 5 7 % R G I 5E 21N
%o NI, ASCAEE KRG HT TTIER AL A0 R
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1 idle 0 APER. BRI S SR, Si0,. MgO 1)
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Table 1 Chemical composition of laterite ore (mass fraction,
o)

Ni Fer FeO Si0, CaO
1.590 16.860  0.570  39.900 1.290
MgO ALO; S P LOI

15.000 3.190 0.019 0.004 13.100
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Fig. 1 XRD pattern of laterite ore
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BTN h T BRI A A UL RE M, [R]H
XA FELL B0 (L Jh b 900°C T R5kE 2 h)Fify
TRE AT, BARSZIG T gk 2 B dl,

F2 AU N S A SR A YRR TSR T 5
Table 2 Thermal analysis experiment scheme of graphite-

laterite ore mixture

Scheme No. Ore type Reductant  n(C)/n(O)
1 Laterite nickel ore 0
2 Precalcined laterite ore ~ Graphite 1.2
3 Laterite nickel ore Graphite 1.2

I3 ARINZ) 20 mg FEAE T ALO; R, Kt
WE T ML ZERIT-H, 76 Ar 4 30 mL/min, J
MHIEAA 10 C/min B FFHES 1300 C, HIFHE
Bl TG DTA Il DTG ik, Fo0 x4 2k ik
AT AT AL 2

2 FHR51R

2.1 I RFBRKITEE

2 Fins 4 45 TG. DTA A DTG #igk. M
2@~ TG & LU, 208 R i
o I 4 AN RESUR A, SN IERUR ST
EAGIEL LN 47 °C, DTG MhZer T 4 78 °C, fF:
B DTA HhZEAT W52 (IR, o 41 148 v H K
MIMERR . 36 AR B B R aGIER B 250 °C,
WETIRE Ry 272 °C,  [IIHAERE AR R R A2, R T
BBk (FeO(OR)) 11 43 fift | N, TE Jl ARk .
CARLSON #1 SCHWERTMANNU 7 3 i 45 fit A4k
0 5 0 e s N UL Sk 385 °C o AHUSURL. A4, BT BkAT
) 43 fif i S T A T RELORE . et AT 0 4 L
JEUS B = AN TR AR I IR AR R 533 °C, I
THRELRE Ky 583 °C, SN 47 S e S0 B R I
Moo SEVUA BRESUA G F IR B IX [F]2h 755~864 °C,
WETIR Rk 826 °C, AR T M 8UF -0 Wi 28 — Bt
FRE R W, B RS 864 CE, TG ke k
DL B )RR, 7E 864~1 300 °C X 1] Py [ i =
FIR N 1.01%.
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Fig. 2 TG (a), DTA (b) and DTG (c) curves of laterite nickel

ore
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Fig. 3 XRD pattern of laterite ore calcined at 900 ‘C for 2 h
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Fig. 4 TG (a), DTA (b) and DTG (c) curves of laterite nickel

ore, graphite-precalcined laterite ore mixture and graphite-

laterite ore mixtures
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Table 3 Temperature range of reduction reaction for graphite-laterite ore mixture

Temperature range/C

Sample No. Ore type
First stage Second stage Third stage
2 Precalcined-laterite ore 700—-1 085 1 085—1 258 1 258—1 300
Laterite nickel ore 700—-1 085 1 085—1 258 1258—1 300

5 s AP BELL LB ML AR lof shid
JR A BRI R R o AR IS N KI5 — B B
P LR — A SRR, AR O
R R IN PR 25 K O IERR WLl B IR et
HOR TR 2L LB I e A 70 B HENGR —F BL
Ja s SR CEIEAER, P 1A AR .

100 — Graphite-precalcined laterite ore mixture
- - - Graphite-laterite ore mixtures

80r

60+

a/%

40t

20+

700 800 900 1000 1100 1200 1300
Temperature/C

5 TUERLL LB A BIRGYML LEY A BRE
Py ¥ A 23 B pth £k

Fig. 5 Conversion fraction—temperature curves of graphite-
laterite ore mixture and graphite-precalcined laterite ore

mixture
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Table 4 Usual reaction mechanism function of solid phase

Model Symbol g(a) flo) Reaction mechanism
F —In(1-a) 1-a First-order reaction
hemical _
erE?SE Fy 2(1—a) 2~ 1] (1-0)3 1.5-order reaction
F, (1-a) -1 (1-a)* Second-order reaction
D, o’ 1/2a) One-dimensional, Parabolic equation
Diffu D, (1=a)In(1-a)+ « —In(1-a)-1 Two-dimensional, Valensi equation
iffuse
Dy [1-(1-a)"T L5(1—a)** {[1-(1-a) "}~ 1} Three-dimensional, Jander equation
Dy 1-2a/3—(1-a)*? 3/{2[(1-a)* - 17} Three-dimensional, Ginstring-Brounshtein
R a 1 One-dimensional
Interf:
re:(ftiifne R, 1-(1-a)"? 2(1-a)"? Two-dimensional, contraction cylinder
Ry 1-(1-a)*? 3(1—a)*? Three-dimensional, contraction sphere
Nucleation and 4> [—In(1-a)]"? 2(1-a)[-In(1-a)]"? Aevrami-Erofeev equation I
growth As [In(1-a)]"? 3(1—a)[-In(1-a)1** Aevrami-Erofeev equation II
10} 34 @
2
1
-15r6
— 7 —
& 20l g
S S
=4 20
£ sl £
-30}
-35 L L L L —38 L L L L
0.6 0.7 0.8 0.9 1.0 1.1 . 0.7 0.8 0.9 1.0 1.1
T71/1073K™! T71/1073K™!
-14+ \(b) b
10 (b)
-16+
-15
T _1sl &
S S
K 5 20
£ 20+ E
ol =25
-24 ! s ! s _38 ! s ! s
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T71/1073K ! T71/1073K!

6 TR B In[e(a)/T15 UT K= 5

&7

LT LA In[g(a) T UT &

Fig. 6 Relationship between In[g(2)/T] and 1/T for graphite-

precalcined laterite ore mixture
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Fig. 7 Relationship between In[g(e))/T*] and 1/T for graphite-

laterite ore mixture
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Table 5 Related coefficient of different kinetic mechanism functions for reduction process of laterite nickel ore

Precalcined laterite nickel ore

Laterite nickel ore

Function
800—1 085 C 1 085-1258°C 1 258-1300°C 800—1 085 C 1 085-1258°C 1258-1300 C
F 0.987 6 0.948 9 0.9873 0.992 0 09125 0.982 7
Fsp 0.9910 0.936 4 0.9825 0.994 2 0.8979 0.9759
F 0.994 7 0.925 1 0.979 0 0.995 7 0.884 7 0.9712
D, 0.984 2 0.981 7 0.998 2 0.990 3 0.969 6 0.998 0
D, 0.986 6 0.9752 0.996 0 0.992 0 0.950 6 0.9951
D; 0.988 8 0.966 5 0.992 0 0.993 5 0.9390 0.989 2
Dy 0.987 4 0.9722 0.994 6 0.992 6 0.946 6 0.993 1
R 0.978 4 0.9742 0.997 5 0.984 4 0.9429 0.997 3
R, 0.983 4 0.961 7 0.992 7 0.988 8 0.9279 0.990 5
R 0.984 9 0.957 4 0.990 9 0.990 0 0.9227 0.987 9
A, 0.975 4 0.916 5 0.984 6 0.976 4 0.860 6 0.979 6
As 0.940 5 0.8394 0.9810 0.859 1 0.747 3 0.9755
PRI, RNV REA — 2. 135.23 #11177.53 kJ/mol, PHEEEREL, KW LA

M BRI = B Y Dy A SC R U, BIAF
B YEY L Parabolic VLN, B FEN o’=kt, ¥~
HR PR

6 P A i I I V25 [ B WAL RE -

R6 LA AL IR BN B BRI RS AL e
Table 6 Apparent activation energies in each stage for solid

phase reduction reactions of laterite ore

E/(kJ-mol ")
Ore type - -
First stage Second stage Third stage
Precalcined laterite ore ~ 90.21 136.42 179.58
Laterite nickel ore 63.12 135.23 177.53

FMTEARE R 51 INH AR N T A RN
T RS BT W I RE B, VARG, S MR I
TEIE S S VRS — B B, PR e 20 T A ALl 8™
(KRR AE 23 34 90.21 A1 63.12 kJ/mol. Fi5GHEAT
FERRILL AR I J5 B Y. RS A BE L AR AT RS e I 41
AR IE JE RN R TE AR RE T 27.09 kI/mol, R 2
RIESRE LGN AFAE R T N, 45 2 f g
S AN BRI ) AL [ e s S — i, Wesa T
W 000 I 5 S I 4 T TS v )RR A A 1T ALK
Y, AR RN S TREAT . TP S I R R
BT HENEER A, SEOLEE N, KT IR
MEFE o TSR LT AR 3 J S Y. 28 — RT3 = B PR
B BEZY 31N 136.42 F11 179.58 k/mol, ARBEATREBEHILT
TR I R SN B R AR B B RS A BE 2 A

F|1 085 Cla, Wiy RNVIEA FOARLW, %K
N = BN R A A RV SR 38 SR R

WA R N IIEAT, RIS REE %, VI
FEBHALNG, SN AR AT REAT U N JLAN R X
TR R N B — B B, BT IS 58 )
Fe,O; 1 NiO Wit Ji, NG AT, 6 _MrBd %
& FeO AL R, AHXF T Fe,O5 A NiO >Kiji, FeO HUAE
W, Pk, HORJRIE R T2 — B BURTE AL RE
R NBENE = BR, FeO MITEER 4K, H. FeO
55 SiO, YR R SR, 5 s, R
Vi & e Jm Ak 2 BRI IR S N AT o 53 4,
BT AR N AT, IR SRR B b, Y
JE R I ARSI ASE S B 1EA T 5 AR 281

3 Zig

1) FTF e 8 1) S S A A R AT e el
(Mg;Si;Os(OH)y)«  HREF I SUAT (Ni3Si,05(OH),) « 4R
I 404 (Ni,Mg);Si,0s(OH), M I 4041 (Mg,Fe);Si,0s-
(OH),)~ &1k (FeO(OH)) 7REKH™ (Fe,05)« il 47
(AL,Si,05(OH)) FIAT HE(Si0,) %5 o 1%L FHE 45 7K
TR, AR 900 CHLEE MRS 2 h G, BHERET R
LG TR AR, WA /K e 2B R e, e
A1 53 il A RO A R KR A7

2) AT ETHES R 4 ANTREBRKE
B S—NUESUR BRI, 47 °C, RNT
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ZL R B KB 5 AN RS R S B R
G EE K 250 °C, 6 N TEHERAT FeO(OH) 143 fif s Y,
JERAREN s 28 =AU HUR G W R AR 533
T, AN T e A eSO I R R s 3 DYAS
HIVR G R X [E] 2 755~864 °C, XN Tg 44
AP — BRI S Y o

3) 4 AR R R R A 5 3 AN B BB
B(800~1 085 C)¥izh 112 ik b (1-a) ' — 1 = kt, th#
SN e R FR AT, TSR R4 AR I SR
SN FRITE A RE LU AR AT R P M 20 8003 S S N A
fhRE B s B T Br (1 085~1 258 “C)MIZE — B B
am&&wo@%mﬁ TFEN of=kt, UL FEHIR

o SR X REIZE T 1 15 o
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