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Test on preparation and roasting reduction of carbon-containing pellet
with copper slag

LI Yong, GUO Xiujian, MA Ding, LUO Lei, LUO Baolong
( Chongqing CISDI Thermal & Environmental Engineering Co., Ltd. , Chongqing 401122, China)

Abstract: Coal-based direct reduction technology is one of the main development directions of copper slag treatment and
utilization. Based on the analysis on the basic characteristics of copper slag,a test on preparation and roasting reduction of
carbon-containing pellet with copper slag is carried out, the pelletizing performance of fresh pellet is optimized by single
factor test,the main influencing factors and laws of the roasting reduction process are analyzed by orthogonal tests, and the
optimal roasting process parameters are determined. The results show that the copper slag contains high Fe, Zn, Cu and
other valuable elements with high recovery value. The pressured pellet with copper slag uses composite binder, and the
strength index of the fresh pellet is higher. The roasting temperature has the most significant effect on the metallization rate
and dezincification rate. The optimal process parameters are determined: the pressured pellet with copper slag is made of
composite binder (6% organic binder + 2% inorganic binder) , the drying temperature of the fresh pellet is 160 °C , the
drying time is 80 min,the carbon content [w( C) /w( O) ] =1.1,the roasting temperature is 1,225 °C ,and the roasting
time is 40 min. At this time, the pellet falls with a falling intensity of 6. 9 times/( 0.5 m) of carbon-containing pellet with
copper slag,the compressive strength is about 70. 7 N/P, the moisture of the pellet after drying is < 1. 5% ,the strength of
the roasted pellet is 599. 4 N/P,the metallization rate is 75. 2% ,and the dezincification rate is 93. 8%.

Key words: copper slag; coal-based direct reduction; carbon-containing pellet; pellet preparation; roasting reduction;

orthogonal test
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Table 1 Main chemical composition of copper slag %

TFe FeO SiO, Zn Cu Pb  K,0 Na,O
40.1 42.0 31.4 1.9 0.3 0.5 1.2 0.4

H & T AT, i Fe 1 35 Z WA BRMIHE
£1(2Fe0+Si0,) FIfEEA"( Fe,0,) , Zn Hy EZMRAF
S NRIREE( Zn0-Fe,0,) , Si I EEILERT
Fe 456 A RIS £ o

1—Fe,Si0,; 2—Fe;0,; 3—ZnFe,0,;
4—7n( Al sFe, 5) 0,0
E1 $Hi&E#R XRD T4 R
Fig. 1 XRD analysis result of copper slag
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Fig. 2 Particle size distribution of copper slag
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Fig.3 Experimental procedure
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Table 2  Influence of different binders on pellets

performance
eI L & TIRRE/ USRI/

gi  (BRH0 /% [K-(0.5m) '] (N-PT)

AHL JoHlL Bk TER AERR PER
Ql 3.0 — 2.1 2.7 59.6 128.1
Q2 4.5 — 3.3 4.7 71.7 147.0
Q3 6.0 — 3.8 6.4 63.8 201.1
Q4 — 3 1.8 1.7 26.1 29.9

SN PR TR M S 2R Bk A T 72
SERRXT UK B EEOR A AR LEBRFI T BRIV R
SRPENE >5 /(0.5 m) , AEERUIRIRSE >40 N/P,
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F B BERBCR L T LB ZE 50, BRI,
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R, AWRREE T 2T 2 Nk, s R H
A — B AP EE S50 P, 2E— 28R
WA FRAE Bk, 4RI 3.

B3 i Q5. Q6. Q7 IKIAH 5K 2 iy
Q3 AR, AT —APLEEE], 4
TCHLEEEG I IR 1% 345 3% i, A BRA+
BRI SRR AR . Q6. Q8 F1 Q9 yXT HAM
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Table 3 Influence of composite binders on pellets

performance
AR L 7% TR/ PR L/
g (BURE) /% [R-(0.5m) '] (NP7
AL oL ARk FER ZERR PER

Q5 6.0 1 4.3 6.8 41.4 166.4
Q6 6.0 2 6.9 11.2  70.7 204.3
Q7 6.0 3 11.8 13.2  86.0 285.5
Q8 3.0 2 2.8 2.5 37.8 78.5
Q9 4.5 2 3.8 5.1 67.8 108.7

2.2 EEREXTIKHE IR E 20
it L w( C) /w( O) HfERAE, Hrfw(C)
SRRy A [ e o A AR, e A 1 [
WM 59.56% , w( 0) M4 E R Feu Pby Zn —
il 4 Jm A 1 S T 3R o A A, A 4 AR
k4 Fis.
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Table 4 The effect of carbon content on pellets

performance
TR/ PR/
= w(C) /w(0) [R(0.5m) '] (NP7

Aerk PRk ERR TER

Cl1 1.1 6.4 7.4 45.4 234.4
c2 1.2 5.2 6.7 62.6 233.7
Cc3 1.3 6.8 11. 4 54.3 241.0
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Table S Pelletization efficiency and green pellet strength

under various pressures

o TN HORES ERIETRIE, R
MPa % [Re(0.5m) ] HREE/(NPT)
Z1 14 79. 4 6.5 67.7
72 12 847 6.1 60. 5
73 8 87.0 4.6 48.1
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Fig. 4 The relationship between pellet strength and

drying time at different temperatures
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Fig. 5 The relationship between moisture of pellets and
drying time at different temperatures
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Table 6 Orthogonal experiment plan and results

KRk Al £ A5 AR
g xmmdan R U MR | w(zn) ) RERE]  eRiL B
HE) /°C WFE]) /min
% % % (NP™") /1% %
c1 1(1.1) 1( 1 200) 1(35) 45. 44 22.76 0.99 529.1 50. 1 48.1
c2 1(1.1) 2( 1 225) 2( 40) 46.19 34.73 0.13 599. 4 75.2 93.8
C3 1(1.1) 3( 1 250) 3(45) 46. 12 35.98 0.24 594.7 78.0 88.7
c4 2(1.2) 1( 1 200) 2( 40) 45. 84 27.10 0. 83 421. 4 59. 1 58.8
c5 2(1.2) 2(1225) 3(45) 46.78 33.87 0.31 426.9 72. 4 85.2
c6 2(1.2) 3( 1 250) 1(35) 45.38 35. 44 0. 04 400. 3 78. 1 97.9
c7 3(1.3) 1( 1 200) 3(45) 44.17 29.24 0. 67 426. 6 66.2 65.0
c8 3(1.3) 2( 1 225) 1(35) 44. 80 33.38 0. 61 529.7 74.5 87.4
9 3(1.3) 3( 1 250) 2( 40) 45.53 36. 20 0.26 423.0 79.5 89.7
x7 ERBRESF
Table 7 Index range analysis
ikl i X[l ©) 1l O ] VCKebe ) 1°C 2Kt ) Jmin
K, 574. 4 459.0 486. 4
R Bk P o i / K, 416. 2 518.7 481.3
(NP K; 459.8 472.7 482.7
W2 R, 158.2 59.6 5.1
K, 67.8 58.5 67.6
K, 69.9 74.0 71.3
IR %
K; 73. 4 78.5 72.2
W2 R, 5.63 20.1 4.63
K, 76.9 57.3 77.8
K, 80.6 88.8 80. 8
JBEREAR %
K; 80.7 92.1 79.6
W% R, 3.8 34.8 2.97

(a) FCBE:; (b) KEREREE; (o) KEBEmbm
I—@ iR 2— bt
E6 BERMEREURMBEERNRM

Fig. 6 Influence of various factors on the metallization rate and zinc removal rate
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