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ABSTRACT The amount of zinc-containing EAF dust has increased due to the increased proportion of galvanized steel scrap used in
the electric arc furnace (EAF) steelmaking process. If the zinc in the EAF dust is not recycled, it will not only lead to a waste of valuable
metal resources but also results in environmental pollution. Zinc is mainly present in the EAF dust in the form of zinc ferrite (ZnFe,0,).
Zinc ferrite is a kind of spinel mineral that exhibits a crystal lattice of greater stability, which increases the difficulty of recycling
valuable elements such as zinc and iron from zinc-containing EAF dust. To further clarify the carbothermic reduction process of zinc
ferrite, this paper studies the kinetics of the non-isothermal carbothermal reduction of zinc ferrite and its reduction reaction mechanism.
The phase transition process of the zinc ferrite carbothermal reduction reaction was analyzed via the XRD results of the reduced zinc
ferrite. FeOy gs-xZnO was found at 950 °C when Fe** was reduced to Fe?'. The relationship between the conversion and conversion rate
of the zinc ferrite carbothermal reduction process is discussed. The reduction process can be divided into three stages, and the conversion

of the second stage changes greatly (0.085-0.813). Finally, the kinetics of the second stage of the carbothermic reduction of the zinc
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ferrite at different heating rates was evaluated through the isoconversional method and the master curve fitting method. The activation

energy of the second stage is between 331.01-490.04 kJ-mol ', and the average activation energy is 362.16 kJ-mol ™. The large change in

the activation energy in the second stage indicates that the reactions in this stage are more complicated, and there are obvious differences

in the activation energy between the reactions. The secondary chemical reaction is the main rate-controlling link in the second stage, and

the kinetics equation of the second stage is determined.
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Fig.1 XRD analysis result of the products of zinc ferrite carbothermal

reduction at different temperatures
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Fig.2 Conversion ratio curve of ZnFe,0, reduced by anthracite
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at different heating rates
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Table 1 Reaction stages of zinc ferrite reduced by anthracite
Heating rate / First stage Second stage Third stage
OC' -1
(*C-min”) o Temperature / °C a Temperature / °C a Temperature / °C
5 0-0.089 <923.68 0.089-0.842 923.68-1100.54 0.842-1 >1100.54
10 0-0.089 <932.98 0.089-0.832 932.98-1132.26 0.832-1 >1132.26
15 0-0.080 <945.66 0.080-0.801 945.66-1135.51 0.801-1 >1135.51
20 0-0.081 <952.39 0.081-0.778 952.39-1138.36 0.778-1 >1138.36
Average 0-0.085 <938.68 0.085-0.813 938.68-1126.67 0.813-1 >1126.67
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Fig.5 Relationship between relative conversion rate and DTG in different reaction stages: (a) first stage; (b) second stage; (c) third stage
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Mechanism Code Differential form, f{a) Integral form, G(a)
n=1 F1 (1-a) —In(1-a)
Chemical reaction n=2 F2 (I-a)? (I-a) -1
n=3 F3 (1-a)’ [(1—a)'-1]/2
The two-dimensional diffusion o
control D2 [FIn(1-a)] a+(1-a)In(1-a)
The three-dimensional diffusion S PO PR
Diffusion control (Jander function) D3 L5(1-a)™[1-(1=0)™"] [1-(1=a)™]
The three-dimensional diffusion
control(Ginstling-Brounshten D4 L.5[(1—a))" =17 (1-2a/3) ~(1-a)*®
function)
Random nucleation and nuclei Two dimension A2 2(1=a)[~In(1-0)]"* [In(1-a)]"
growth Three dimension A3 3(1—-a)[-In(1-a)]** [~In(1-a)]"
Power series law, n = 3/2 P23 @2/3)a'? a”?
Power series law, n=1/2 P2 20" a'?
Exponential nucleation
Power series law, n = 1/3 P3 3a*? a'?
Power series law, n = 1/4 P4 402" a'
Cylindrical symmetry R2 2(1-a)"? 1- (1-a)"?
Phase boundary reaction
Spherical symmetry R3 3(1-a)*? 1-(1-a)"?

S5 AL R A A BT Bl T 2 0 5 A s R
BT RE T B ™ xF (5) 72 I L4y
PITS 3.

o da t E E
fo m =G(a)= IOA-exp(—R—T)dt:A-exp(—ﬁ)-t
(6)
[F) i % 45 2P 5K A AR, m] LAFS 2= (7):
A E
—ln(t):ln[G(a)}—ﬁ 7

HPG(@) = [} oo H BB R

SRR R In() PR VT AL,
T 28 A0 36 T 45 580 4% s 1S B o 9 35 A
A E BRI, M L2t (7) W LA, S8 Ly ik
K 2 1% 37 Al 38 1 R 7 9 5 L
TR Rl I IS [ 6 4 25 6 60375 14 R 75 f
L. s (5) AT ST, AT AR,

da E 1
(@) = (E)Q'CXP(E . T_Q) =Af(a)

A o) 5 o) WARGERR, W, o5 y(a) X

(8

RN o 5 flo) 195G F M2 HA AR BIFEAR, 28
T y(o) WEER T2 AR FN Y, FEAS SCH, 38 3 X y(a) FI
Aoy MZFEAT 0~ 1305 Fl A9 5 —fb b 38, % b 7
25 Wi 22 B AT 45 21540 Jit B 7 04 A1 3 ek 5, 9 —fl Ab
.

Wa) = (@)
max[y(a)]

W55 B BEAMI AL R o5 w(a) R R 5 H
D, 52 17 ML FHRASE AU % A v ot e 1 47 0 L, RIS BB
N7 B ML B B R 24, AR SN TR R e ik R R Bl
203 BT B v R A5 I A R T 1 R R e Ak BRGA
G A BEIEATTHAR, I 43 BT 340 JE B 1 B2 bR 4.
24 HMAZESW

(1) S 1E AL RE T3

K A G A R A5 B B R RS AL BE E.
WIS K 1 T BdE T LUE B, Bk R EERR BGA R
i R A AL R AR 4K (0.085 ~ 0.813) F B LA TEL
B 100 = S 3 N SR O B 0 = 045 1V g =

9




2SR BRIRBERR AL I Bl T o B R N AL

.87.

J S A BE . A R bR R B Al R A BUE N
0.10 % 0.80, 3L 15 ~H, BUE 2 K H 0.05, i A
Ivi] S 315 3 3 4% 4 AN Ti) AR b A 3R X6 10 14 2 7 i
JE, 25 AL ST X I A0 3R B AN 3 TR

R 3 ORFETHREEA AT A A0 R
Table 3 Reaction temperature corresponding to different conversion

rates at different heating rates C

Heating rate / (°C-min")

5 10 15 20

0.10 929.95 940.73 955.46 961.66
0.15 949.93 966.20 981.88 990.89
0.20 962.99 981.85 997.96 1007.57
0.25 973.01 993.59 1010.12 1020.07
0.30 981.44 1003.43 1020.07 1030.30
0.35 988.78 1011.77 1028.72 1039.35
0.40 995.45 1019.21 1036.92 1047.79
0.45 1001.87 1026.42 1044.75 1056.00
0.50 1008.79 1033.85 1052.55 1064.28
0.55 1016.65 104211 1061.12 1072.96
0.60 1026.25 1051.84 1071.16 1083.13
0.65 1037.79 1064.36 1083.55 1095.31
0.70 1051.73 1079.24 1098.20 1109.86
0.75 1069.33 1096.75 1114.68 1127.40
0.80 1090.04 1116.93 1135.03 1146.83
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Table 4 Activation energy at different conversion rates and average

activation energy of the second stage

Activation energy / Average activation energy /

R2

(kJ-mol ™) (kJ-mol ™)
0.10 490.04 0.9668
0.15 405.92 0.9879
0.20 383.16 0.9935
0.25 369.52 0.9958
0.30 361.42 0.9974
0.35 353.63 0.9980
0.40 344.68 0.9978
0.45 336.49 0.9978 362.16
0.50 332.06 0.9978
0.55 331.01 0.9978
0.60 33245 0.9975
0.65 334.62 0.9985
0.70 338.48 0.9992
0.75 350.61 0.9996
0.80 368.30 0.9995
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