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Table 1 Chemical composition of nickel slag (w/%)

Component TFe/(Fe®") Si Mg Ca Others
Rawslag  36.74/(33.42) 16.23  5.96 0.84  40.23
Mixing
| 33.47/(30.45) 14.79 543 712 39.19
slag

v Fe,SiO,
v + (Fe,Mg),SiO,
.

Intensity/a.u.

1 M XRD B
Fig.1 XRD pattern of nickel slag

SERk(TFe) S BEAMN K (Fe)F &, BERASE TR
Wtk 4 (ICP-OES, FEERK ICAP-7400, £E) H
ToamiEmteniaE; X FLaTH{ (XRD,
RIGAKU D/Max 2400, HA) FT-RAEFE YA,
20 fHAHETE E 1080 I F 29min.

2 HRETR

2.1 RBEBILIRBLZKEE

Bt JE CaO-FeO-SiO-MgO VU e &, HH I i 4
V5 RS2 2H 432 R FH Factsage #4)F BA EAT RS
B, 13RI REAFERE R &=z, wE
2 . HERT A, SRS ZRIE N 1466 C, th
YR AT W FR g 5. (1205 °C)ME i 261 °C

100

75}

50+

R=0.6, Po,=0.21 kPa

25}

Liquid Content, w/%

0 L L L
1200 1300 1400 1500
Temperature/'C

Kl 2 CaO-SiO,-FeO-MgO Yyt i % i AH & it bifl I FE 1 2 4k
h &
Fig.2  Variation of the liquid content with temperature for

Ca0-SiO,-FeO-MgO system
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Fig.3 HT-CLSM images of nickel slag during the melting process: (a) 20 °C, (b) 1453 °C, (c) 1466 °C, and (d) 1488 C
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Fig.4 XRD patterns of oxidized nickel slag melted at different

temperatures for 60 min
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Fig.5  Variations of Fe?* concentration with time during

isothermal oxidation of molten
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Table 2 Linear fitting parameters of Inr vs INCgea-

Parameter 1500 C 1525 C 1550 C 1575 C
Slope, n 1.45 1.39 1.32 1.26
Intercept (Ink) -4.37 -4.12 -3.83 -3.59
R? 0.9502 0.9691 0.9766 0.9849
A5 Arrhenius 2 3
-E
Ink=—=+InA (7)
RT

X, Ea ARMIEMIEEE (kI/mol), R NSIAH
¥, BUE 8.314 J(mol K), T NHN¥EE (K), A
NARHTA o H Ink XF 10000/T k8L & CInk {8 A%
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SR AL R WL fE A 286.83 kd/mol, £k Rk R 3L
R?4 0.9988, 41K 8 fiam. i K WIE 1L AE 45 B IR AR
T SCRRARIE (1 R M i b Fe” S AL I R LS Ak BE %
{8 (315~340 kd/mol) 19200, 5 #4485 3]s fih S8 AL 78 o
Fe® i AN J1 2 07 FE N«

Ink . — 286833

Fe RT

TE VA G i T mpod I v Ak B 25 R T B0 7 27 BR 1) 34
TR —FE AR TR, X TR R NS L REAE
170~400 kd/mol 2 [ & A Ay Je i 72 52 41 oo 4 A%
J Az PN, DR, AR A A R A 21 T A SR AT A R
SN R B T R
2.5 FHEREK

TN, SRR NAL USRS - SR
4 TR e 45, A% 0T 3 3 (dMY/dit) I R 7R

dM
— = Ak, (C" -C" 9)
dt d( m ms)

+15.06 (8)



45 6 1 FOWSE: AR IRE B I

= 2193 -

_ L Slope: -3.45
3.6 Intercept: 15.06
R%:0.9988
3.8+t E.: 286.83 kd/mol
=-40t
42t
4.4+

540 545 550 555 560 5.65
TYx10*K?

K8 Ink 5 10000/T fy4k P04 i 28
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Table 3 Apparent reaction rate constants (k), mass transfer

coefficient (kg) of Fe?* oxidation, and diffusion

coefficient (Do) of oxygen in slag at different

temperatures
Parameter 1500 C 1525 ‘C 1550 ‘C 1575 C
Kk 0.0127  0.0162 0.0217 0.0276
Ka/x107°m s 1.69 217 2.89 3.68
Do (Whitman
theory)/x10°m? s 2.02 2.60 3.47 4.42
Do (Higbie
0.50 0.80 1.47 2.19

theory)/x10°m? s™

AlLOs RIFHE P AN 10° m’/s Hrar g, ix
S O MW SR S AR U AR ST, IEWIART T
S TTVE R AR T 5

3 & it
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AR P Fe? AL R B KN 1.45~1.26, RV
MG L BE N 286.83 kd/mol, &AL f1 EEZ Y
YA o 42k

3) T XL AIBE L, 1500~1575 C ik
AT B R B BN 2.02x10°~4.42x10° m/s Al
0.50x10°~2.19x10° m%/s. & T~ XU FE i it 0 ) ) 803
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Oxidation Kinetics of Molten Nickel Slags Under Isothermal Conditions

Li Bin', Shen Yingying®, Feng Qiong? Wang Sheng®, Du Xueyan*
(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, School of Materials Science and Engineering,
Lanzhou University of Technology, Lanzhou 730050, China)
(2. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The isothermal oxidation kinetics of iron-rich molten nickel slag in air atmosphere was studied. The actual melting temperature
(liquidus temperature) of modified nickel slag was determined to be 1488 <C by high temperature confocal laser scanning microscope
(HT-CLSM). Variation of Fe?" concentration with time during isothermal oxidation of molten nickel slag was obtained by isothermal
oxidation experiment of tubular furnace. The oxidation reaction order of Fe®* in molten nickel slag is 1.45-1.26 and the apparent activation
energy is 286.83 kJ/mol by differential method and Arrhenius equation. The oxidation kinetics of molten nickel slag is dominated by
diffusion control. Based on the Whitman theory and Higbie theory, the diffusion coefficients of oxygen in the melt are estimated to be
2.02x10°-4.42x10° m%s and 0.50x10°-2.19x10° m%s. The oxygen diffusion coefficient estimated by Whitman theory is of greater
reference value.
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