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Experimental research on reduction of carbon-containing pellets
under gas-solid base function

CHAI Zhipeng, LUO Deqing, HAN Hongwei, JIA Xin, Cheng Hongquan
(Beijing Shougang Co. ,Ltd. , Tangshan 064400 ,Hebei, China)

Abstract: In order to explore the reduction characteristics of carbon-containing pellets under different conditions and
further reveal its reduction reaction mechanism, the characteristics of carbon-containing pellets reduction process in the
range of 800 ~ 1 100 °C are researched by thermogravimetric reduction experiment, and the effects of reaction rate,
metallization rate and compressive strength on the reduction process and reduction products under different conditions are
analyzed. The results show that when the reaction occurs in a reducing atmosphere , the primary and secondary orders of the
influence of each factor on the reduction process of carbon-containing pellets include reduction temperature , carbon-oxygen
ratio, reducing atmosphere. During the test, the reaction rate of carbon-containing pellets first increases and then
decreases. Appropriate increase of temperature, adjustment of carbon-oxygen ratio and reduction atmosphere composition
can promote the reduction of carbon-containing pellets. When the temperature is increased, the metallization rate also
increases ,and when the metallization rate reaches a certain level, the effect of temperature on it is weakened. When the
reduction temperature is 800 ~ 1 000 °C ,the compressive strength of carbon-containing pellets does not change significantly
with the increase of temperature,and when the reduction temperature is higher than 1 000 °C ,the compressive strength of
carbon-containing pellets is significantly improved.
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Table 1 Industrial analysis of pulverized coal and main chemical composition of ash %
Tk g3t TRy i T A2 AR
[ X Ttk S Tix R KAy Si0, Al 0, Ca0 TFe MgO Na
59.43 0.51 10. 46 25.03 4.57 44. 44 20.03 20. 64 6.32 0. 66 1.40

FR2 EMHKESS(RESH)
Table 2 The particle size distribution of

pulverized coal %
<38 pm  (38,48] wm (48,75] wm (75,159] pm
56.39 11.38 16. 61 15.62

R3 HKBTHEEAFERS (RESH)

Table 3 Main chemical compositions of iron ore %

TFe FeO SiO, MgO CaO ALO; P S
62.450 26.410 5.500 0.820 1.630 1.780 0.016 0.401
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Table 4 Factor and level of orthogonal experiment

K- IR/ C W JFAUR WAL
1 800 Co 0.6
2 900 @(CO):p(H,) =1/4 0.8
3 1 000 @(CO):@(H,) =2/3 1.0
4 1100 H, 1.2

0 (CO):o(H,) R CO 5 H, MABUMIZ I,
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Table 5 Orthogonal experiment scheme of

carbon-containing pellets

WH REE/C R JFAUR AL RER
1 800 co 0.6 0.102
2 800  ¢(CO):@(H,) =174 0.8 0.113
3 800  @(CO):e(H,)=2/3 1.0 0.157
4 800 H, 1.2 0.170
5 900 co 0.8  0.203
6 900  @(CO):p(H,) =174 0.6 0.114
7 900 ©(CO):@(H,)=2/3 1.2 0.183
8 900 H, 1.0 0.213
9 1 000 Co 1.0 0.220
10 1000 ¢(CO):p(H,) =174 1.2 0.221
11 1000 ¢@(CO):e@(H,)=2/3 0.6 0.190
12 1 000 H, 0.8 0.157
13 1100 Co 1.2 0.300
14 1100 ¢@(CO):@(H,) =1/4 1.0  0.249
15 1100  ¢(CO):¢(H,) =2/3 0.8 0.205
16 1100 H, 0.6 0.189
T,  0.542 0. 825 0.595  —
T,  0.713 0. 697 0.678 —
L 0.788 0.735 0.839  —
o 0.943 0.729 0.874  —
y,  0.136 0. 206 0.1499  —
¥y  0.178 0. 174 0.170  —
yy  0.197 0. 184 0.209 —
¥ 0. 236 0. 182 0.219 —
R, 0. 100 0. 032 0.070 —

VE Ty ~ Ty AR T AR KRR T2 Ay, ~ v,
Ty~ T AT R, 45 BB %

PR JEGE X — R Z ], ik J5E L 800
CHE, T KT IR AR Z L)L
T, =0.102 +0. 113 +0. 157 +0. 170 =0. 542, y, =
T,/4=0.136, Hif RN 900 CHmtfe, %M
TR B R EAR L LB (E: T, =0.203 +
0.114 + 0.183 + 0.213 = 0.713, Y, = T,/4 =
0. 178 M JFIREEHy 1 000 C BB, 2 HF7K
R R E AR S {E: Ty =0.220 +0. 221 +
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(a) CO; (b) @(CO):@(H,) =1:4; (c) ¢(CO):@(H,) =1:4; (d) H,
HIFEIRE/C . 1—800; 2—900; 3—1 000; 4—1 100,
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Fig. 1 Thermogravimetric curves of carbon-containing pellets under different reaction conditions
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Fig.2 Changes of reaction rate of carbon-containing

pellets with time under different temperatures
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Fig. 3 Changes of reaction rate of carbon-containing
pellets with time under different
carbon-oxygen ratios
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Fig.4 Variation of reaction rate of carbon-containing
pellets with time under different

reducing atmospheres
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Table 6 Metallization rate,compressive strength and
chemical component of carbon-containing

pellets under different temperatures

W 4R BREpUER R (BUEYE0 /%

B/C %/% BE/(N-PT')  TFe  MFe  FeO
800  45.7 32 66.9  30.4  38.60
900  58.5 23 72.1 422 29.50
1000 84.9 124 74.9  63.5 8.23
1100 92.4 1 009 81.5 753  3.10

PRI ECE B AR A W AR S YIREE R 1 000 °C
T2 1100 CHF, &JEfeR RS, 2
THRE, VA 7E BT BE DX fa], BRI PR R R
BREMA T S N e, PR E TSR
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A—Fe; B—FeO,
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Fig. 5 XRD analysis chart of carbon-containing pellets after reduction under different temperatures
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