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Theoretical analysis on top gas recycling of gas-based shaft furnace
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Abstract: To adequatly utilize chemical potential of the reducing gas in gas-based shaft furnace, three

processes with top gas recycling(TGR) are established and a process model based on the mass and energy

balance is developed to numerically analyze the advantages and disadvantages of the proposed
processes. The results show that in the proposed TGR1, TGR2 and TGR3 cases, the demand of the fresh
hot reducing gas decreases by 63.77%, 57.13% and 55.85% , respectively, and meanwhile the requirement

of the corresponding sensible heat shows the same tendency. However, the consumption of energy in each

process increasess by 5.68%, 7.27% and 17.12%, respectively, because of the additional cost of the gas
reforming and preheating. The emission of CO, for TGR1 decreases by 15.35% while the one for TGR2 and

TGRS increases by 0.16%, 3.15%, respectively.
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Fig.1 Schematic illustrations of the proposed processes
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Table 1 Operating conditions of Gilmore Plant

WFHRARE/C PTEARE/C BARRIRE/C SRR/ X% LR E/ %

3

900 350 850 92 8
F2 HHEFRERESKS x3 HAERS
Table 2 Composition of fresh reducing gas % Table 3 Composition of ore %
w(CO) w(CO,) w(H,) w(H,0O) w(TFe) w(FeO) w(Ca0) w(Mg0) w(Si0,) w(H,0)
32.58 5.22 57.15 5.05 67.15 0.13 1.24 0.14 1.69 1.00
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Table 4 Consumption and composition of reducing agents

o WEHESE/(m® « t) w(CO)/% w(CO/% w(H)/% w(H,0)/% i JFEH
fegsi g 1575.32 CGHEEBES) 32.58 5.22 57.15 5.05 8.74
TGR1 1 587.37 32.58 5.22 57.15 5.05
(570.78 G <) + 40.35 0.00 59.65 0.00
1016.59 (FEEHS) 37.55 1.88 58.75 1.82 26.03
TGR2 1550.83 32.58 5.22 57.15 5.05
(675.36 GRrff <0 + 35.60 4.28 53.68 6.44
875.47 (FHEEHS)) 34.29 4.68 55.19 5.84 8.51
TGR3 1591.56 32.58 5.22 57.15 5.05
(695.52 (G =) + 39.61 0.00 60.39 0.00
896.04 (FHEEMHS)) 36.53 2.28 58.98 2.21 21.27

& G e e e 30 I A 4 R R TR T B 5 DR AL B IR S R A TR B CRE L O 1 575,32 m’ /., A
IR e, RS R A A R AR R I R A Ak 2 B B RS 4 B 63.7706.57.1306,55.85 %0
TGR1 5 TGR3 i1 i 4 J5t 345 B 50 55 00 e TR G o (0 5 30 J R0 A< 3 it 44 ly 8.74 43l 2 /&1 1) 26.03
2127 PRI AR B E R T TGR2 th R 504 O, MBS A BRI i CO, H
H, O Bt B H R A P 815 00 S5 09 0 SR A 28 8.5 1, 41 N Y 30 JBL S48 T 59 5 76 4 R T2 iR i
WS 2 ARG A R BT TR [R] (L AS A AS B S 5 3 3 6 B 6 A5 < R SRR A iR SR A AT LR
TGRI GeA REARMT B SIHFE 3G 31 I8 U
22 AEESH

35 BT AL G B HOT A L R IO 4 3 R TR T A A A O T A A TR B IR A
TR A B BB A BRI X A, FLERME S 1 947 563 kJ/t, Horh k2 40 % i RE R TS E . B A
R S WA AR ™ 7 30 Ji SR ] A v HLBRME Ry 425 817 K/t A 1 EL iRy 21.86 0%
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Table 5 Heat balance of the base case

B >

POt A B/ (g -t D) e/ %o P Bt/ (k] - ¢ HBI/%
TR RS I 1947 563 100.00 W A7 3 J5 0 A 425 817 21.86
SRR B 28 R R 38 975 2.00
P TIURE I B 765 770 39.32
DRI & #4 561 196 28.82
PRSP S 155 805 8.00
&1t 1 947 563 100.00 &1t 1 947 563 100.00

TGR1.TGR2 fil TGR3 WIS DL 6~8, P AL F R IR [l oy L S 4L T K 19 #4a F e
JE AL 24 i B e IR B AL e B 4y B KRR I D T 63.77%6.57.13%.55.85 % 5 i b R CO AN
H., 1 E R4S B A3 BB ) A5 0, 17 0 38 R0, 343 T B 5.76 96 . 4.32 00 (AL 1T Vo 5 B2 4 TR A i AT
SRS BRI THORE S R Y B B AR 1.03%0,1.31%,0.62% . L4 LL G B, TGR1, TGR2 Al
TGR3 B4 3R TR 20 (0 RERE 20 ) FAAIR 1.81%6.1.58%0.1.26 % s S AR TGRI1 g e < 30 38 J5 2 1o 44 A
REFE AN PRI 5 42 19 3 Fh T 200 a0t B S L 25 A B BEFE T oK 22 0 AR5 B &2
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Table 6 Heat balance of TGR1

N BAE/ (kI -t i/ % P B/ (k] o B/ %
S R i 3R 705 655 36.90 B 38 JE I o 4 401 271 20.98
R S I AR 1206 678 63.10 PR K R 78 B 38 974 2.04
P TIRE I B 757 905 39.63
DRI & #& 561 196 29.35
FREITES 152 987 8.00
&1t 1912 333 100.00 &t 1912 333 100.00
®7 TGR2 AT
Table 7 Heat balance of TGR2
A Bl / (k] - 1) e/ % ] B/ (k] - ¢ B/ %
TR i A 834 947 43.56 T A7 3 Ji s g 407 442 21.26
Gig sl e 1081 765 56.44 SPORE K B 28 R B 38 975 2.03
B TR i AR 755 762 39.43
DRI I #4 561 196 29.28
FA BN 153 337 8.00
&1t 1916 712 100.00 &t 1916 712 100.00
#= 8 TGR3 # T
Table 8 Heat balance of TGR3
A BE/ (k] -t 1) el / 4 ] BAE/ (k] - ¢ B/ %
S R 859 869 44.71 B A7 38 JE I g 4 408 066 21.22
R I R 1 063 202 55.29 PRk K B 2K R A 38 975 2.03
P TRURE S A 760 988 39.57
DRI i #4 561 196 29.18
RIS 153 846 8.00
Hif 1923 071 100.00 it 1923 071 100.00
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Fig.2 Energy consumption analysis
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