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of Na,CO;. Based on the thermogravimetry and kinetic analysis methods, relevant kinetic
parameters were determined and the phase transformation during reduction was revealed. The
results indicated that the starting temperature of carbothermic reduction was reduced and the
gasification of carbon was intensified after adding Na,COj3. The reduction process can be divided
into three stages: the initial stage (a=0~0.15), the middle stage (0=0.15~0.60) and the decaying
stage (0=0.60~1.0). The activation energy of initial stage decreased from 223 kJ/mol to 76 kJ/mol
in which the two-dimensional diffusion was identified as the mechanism function. For the middle
stage, the activation energy increased and then decreased. The chemical reaction mechanism was
found to be the best fit. The decaying stage also belonged to chemical reaction mechanism, while
the activation energy of this stage decreased from 184 kJ/mol to 132 kJ/mol and then increased to
173 kJ/mol. The reduction of Fe and Fe,SiO, was the main reactions in this stage. Compared to
the reduction in the absence additive, the reduction process was enhanced and the corresponding
activation energy can be reduced after adding Na,CO:s.
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Table 1 Chemical composition of nickel laterite ore (wt.%)

Ni TFe F6203 Cr203 SIOQ A1203 CaO MgO P S
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Fig. 1 XRD pattern of nickel laterite ore
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Fig. 2 TG curves of carbothermic reduction of nickel laterite ore with Na,CO;

1.2x10™®
——CO 20K/min

—— CO, 20K/min

1.0x10*

8.0x10°

6.0x10°

Ion intensity

4.0x10°

2.0x10°

0.0 —
600 700 800 900 1000 1100 1200 1300 1400 1500
Temperature (°C)

B3 a+RT CRIERESHNBETFREE

Fig. 3 The intensity of ion current detected by mass spectrometry

I JEUS R A R SO 2 ARk AT 1 SEIHASIIN . CO AT CO, B 7t 2 S IR 5% AR
K 3 Fizs, #I0 NayCOs i CO, I T3 EEAE 700~1100°C 2 AR £ 155, X R ZIR
JE£ DX TA) 21 AR R B G S S SO AR BLR, IE ] NapyCOs W il B X 8] B £ 8 i it
J5 S REA AR o I EE T2 1100°C) , CO AR s A B 3 mr, T 1 CO, AR i 2,
KRR T BRIOSAL RS N . % EE IR IR 45 T AR5 27, Nap,COs A Bh TRk



S RIBEAT o 24 B2 T2 1300°CHY, CO F RS I 5 B2 T 46 M BRI, {ELIRLBE b 71 28 1400°C
I, CO KB THEE BER LT, ERNRZIER] 1450°CH, CO 25 5L 54 B FHXCIZ W B
fik. CO, HIBS TR EELE 1100°C~1250°C [A) 281N, Bl JE7E 1300°C~1400°CZ [A]FE A
7, F] 1400°C~1450°CHE A HEINIS, 1450°CH CO, HYES -5 B2 SIZH AR, B2

2.2 FHF
W E R S S CO A1 CO, 4Rk, H O Tk B A R ENY), T
M FEZMS T Na,COs PR ESR . Rk, FEf IR ERBE AN (D 5.
Amg = Ame, + Am, = Amg x p(CO) /100 + Amy. x p(CO,) /100 (1)
Forb, A BRRERRBUR R R () Ay 7 BA CO IR RIUK IR (s Am,,, TR L
CO, M X\t 2K 1 i & (g), CO M CO, MIFR & B 4 RN AN g0 5 p(co,) » I H
ACO)+(CO,)=100% . ACO) 5 p(co,) AR (2) TH5H:

44y,
Mo oy )

28V, + 44V, 28V + 44V,
A, v, My, FREFEREAH CO M CO MARRE /L, HAGRT LLEE 3+ CO 1 CO,
RS T IR S BE I LU AE R4S

VU — BN R i ) 2R S T A (3D THE

p(CO) =

16 32
By = Mg co, + Mg o, == Ay X p(CO) [100+2 Ams xp(CO,) /100 (3)

R Ay e, B Ay, 4127 CO. R COL HEE RO AR THITR R,

FALZ o 58 SONFERE— I 2 RSB S fh a8 R R I LU E,  HARIEs(n 2 04 i

Sl

gAmzX(p(CO)/lOO+%AmZxgp(COz)/IOO

a= = “)
An/lZOmax An/lZOmax

Fort, Amy, AR R,

FH T S AN FHEE RN AR I i 285 (ST, DR AR S 6 SR i R
N 20K/min BB JE AR HEAR, PRI NayCOs MHAL 480 I JFd 230 71 52 o 3 )% 40 At
I, TR TN NayCOs I 2L R AR I8 R AL R SR ERIR R, W 4 P Kb
P EAT SRS, IR R S5 AR SR WA 5 . WERTLUE H, 2H80 kit
JRFAL R BRI AN BOR, SR I A o W e S R 4R, AR AL TN



Na,CO; J& Pk A0 It 23 N = AN B, 3N a=0~0.15. 0=0.15~0.60. 0=0.60~1.0.

4.47% Na,CO,

bt o =
= 2 %0

Reduction degree {(a)

&
N

0.0

600 700 800 900 1000 1100 1200 1300 1400 1500
Temperature (C)

4 7RI Na,CO, FTLI T RF ERFZR U ESRENX R

Fig. 4 The conversion degree () as a function of temperature with Na,CO;

0.30

1

4.47% Na,CO,
]

0.24

do/dt

]
1
. ! ~
I First stage Second stage
1
1
]
1
]
1
|

0.06

1
1
1
)
|}
1
I
1
I
1
)
I
1
]
1
1
)
I
)
1
1
1
1
)
L]

0.00

1 i 1 'l 1 " 1 i L i i 1 i 1 1
0.0 01 02 03 04 05 06 07 08 09 1.0
a

5 7NIA NayCO; BFAL TR AL RIER SHA RPN IR

Fig. 5 The first derivatives of conversion degree (o) versus time with Na,CO;
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Fig. 6 Calculated iso-conversional plots based on KAS method
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Fig. 7 Activation energies obtained by KAS methods as a function of conversion degree
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el b ' 55i0,
;: 4 6C
o 75 4 73 g4 7 Na:MgZSizO__.
E» ' 3 ‘ ' @=0.60 | 5 k. sio,
= 9 FoNi
=
=
2
7 4 4
245 2[ |17 ;
1 0=0.15
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20 (°)
9 RN Na,CO; EAREIMER LI L 1R TR LR =49 XRD Elig
Fig. 9 XRD patterns of the reduction products at different stage with Na,CO; addition

I SRR 5 =B B (0=0.60~1.0), EERAERRINAN FeO K Fe,SiO,4 HIHHLE Ry Fe [
N, {HAEHT Fe,SiOq EMER A, [KUbiG b RERS AT o (H S HT-084 @ FH 25+ 1T DA
B R S R, [RD IS b T A 2 R B RS S AR TS B35 AL, R FeO J% FepSiOy AL Ji o A5
PAERE, PRI AAE S5 CO B n. JEid B 3 A3, CO KRS T smBEAE 1400°C I BESR L
Tt XUEB T BRI . BEE TR Fe,SiOq kb, CO, A, CO A Fus b 2 ik
/b, TRl J I TR 23 0k Bl — AN AR 5 SO T T B

4 Z5ip

ASCWETE T VN NaxCOs I 21 A8 A AR SR I i O IR 3 357, FER HALEEEEAT 1485 .



FHLLTR e,

(1) ¥ NayCOs J5i, 20 AR B HGE SR UG 1R AR LL TC U IRt #2885 1 350°C £4, 5

NI NapSO4 FFAHLLIRAT T 250°C 245 R SAK S8 U3 A B T 37 A s

Na,SO, I 43 28T 100°C 5 200°C.

(2) H Coats-Redfern yE#5E T ANFIBBIHLER R EL, X T AR B (a=0~0.15), SN ALH]

Ky AW BB 6la)=[1-0-a |+ THIBNB (a=0.15~0.60), JRFLHLH ik
SR, HUE RS R RN Gla)=(-a)s AW (a=0.60~1.0), ML 4

BB FIER N Gla)=(-a)' -1, RRHLEI gL R

(3) IBJFE M FE B (a=0~0.15), JEALREREREIE 5 s W i E3E4T B 223kJ/mol FRIE T B2

76kJ/mol; Na,CO; S5k A MgSiO; R M A K Na,Mg,Si,07, WK ALK, A
FITF AR T H AP A AR R . 5 BB (a=0.15~0.60), ¥EALAEEE 76 kI/mol
PRI N 184 kI/mol, B J5 FFUATRMEN T B, MLITBRI SRR, KRS AR
K, BT A HE R B A E, AR R R =B (a=0.60~1.0), F %
KAWL FeO [ FerSiO4 M JE M ; FEALREIT AR 184 kJ/mol ZZ18J/NF1] 132
kJ/mol, ik [ AR EEHEAT ) 0=0.70 I, WEALEE X TTARZEN 0, M1 132 kI/mol 341

2 173 kJ/mol.
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