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Research on online reduction-melting mechanism of high-temperature

iron-containing rotary Kiln slag

ZHENG Lijia, LIU Chao, XING Hongwei, KANG Yue, ZHOU Jun
(College of Metallurgy and Energy,North China University of Technology, Tangshan,063210, Hebei, China)

Abstract: Based on the physical and chemical properties of high-temperature iron-containing kiln slag, the online
reduction-melting is proposed based on the physical and chemical properties of high-temperature iron-containing kiln slag,
the matching law of online reduction-melting and energy matching law of iron-containing kiln slag is studied by using the
Factsage thermodynamic software,the changes law in the phase composition of the reduction-melting reaction process are
explored , and the appropriate carbon-oxygen mass ratio, heating rate and melting temperature are obtained. The results show
that the reactions of iron-containing kiln slag reduction-melting process are mainly the reduction of iron oxides, zinc oxide
and zinc ferrite,and the melting content of Ca0-Si0,-MgO-Al, O, slag system. It is calculated that the online reduction-
melting method could save about 1. 76 x 10° J/t of heat from the treatment of high-temperature iron-containing kiln slag,
which not only can reduce coke consumption,but also reduce CO, emissions. Under the conditions of carbon-oxygen mass
ratio of 1. 4 heating rate of 15 °C/min and melting temperature of 1 500 °C , the reduction-melting effect of iron-containing
kiln slag is good,and the metal yield can reach 93. 67%.

Key words: resource utilization rate; online reduction-melting; high-temperature iron-containing kiln slag; carbon-

oxygen mass ratio; heating rate
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Fig.1 Morphological diagram of iron containing

kiln slag
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Table 1 Main chemical composition of iron kiln slag and industry analysis of coke %

Bk E AL B

Fae Tl s b

TFe FeO Fe,O, SiO, Ca0O

MgO  ALO, TiO,

C S Zn [ AR KRS K

45.92 13.26 61.23 14.48 10.72 3.30 4.90 0.37

0.72 2.68 1.30 84.76 2.15 12.11  0.98

R E R A Th A TR MIRAAIE A, JFE
XF OB B s i T 58, R BRI AT X5
LATHHL(XRD) AR B, W 2 fros, i 2
AW, wEFEE SRS WY AT Fe,0,
FeO. Fe,0,. ZnFe,0,. ZnO, HABLEWHA CaO .
Si0, %%, Fe TRMAIESFERZ He®kE &
B B R

1—Fe,0,; 2—FeO; 3—Fe,0,; 4—ZnFe,0,;
5—7Zn0; 6—Ca0; 7—Si0,; 8—Ca,ZnSi,0,;
9—Mg,Si0, ; 10—ALSiO, ,
B2 ZEEyHEanR
Fig.2 Phase composition of kiln slag

1.2 REWAHE
1.2.1 A4 E5REF IRk

SR GEI JE R Xk i b AR R iR
RCRAISE MR, BRA 3 Bk 2 s £ o 0 i 9 Oy 3 R Y
A, FFRAS [ B ok 2t A iR R B[R] 2P 3 B ik
B, TREE N R Rk R T R 2 R,
TG, RS ERAEE MR E <0.075 mm, Jf
Fiz FROR [F] Ot 12t TR 45 349 &) (POl AR 4l ke 4 2t
HHE, Hrh, m(C) HERPEE C MR,
m(0) K&Kzl EEEAY) FeO, Fe,05, ZnO
il ZnFe,0, 1 O BT 5 SRIGRHE SR FAR]
AT DA Ty 58 b I 1E E B in HA G R
A SRR TR I SRR EE R 1 450 °C 5 Mk i

JE IR B TR U 5 AT 30 min,  RAB AR A SR
FIFEEAT, HAeREA N, A7 RG4S E
AT TG 2k,

R2 AEABERELLFTER

Table 2 Different carbon to oxygen ratio schemes

W B BRSO Rk THEREAR/ fERR
K5 FEbk E/mg &#/mg (C-min~') [8]/min

1 1.0 20 3.20 5 30
2" 1.2 20 3.84 5 30
3* 1.4 20 4.48 5 30
4* 1.6 20 5.12 5 30
5" 1.8 20 5.76 5 30

HARGE T R S R I T S e,
RETE B R A M 1 TR R Tlﬁﬁ%%
ﬁﬂ?J%%ﬂ%%%ﬂﬁm%m SR AR T

R AT IR, AN ] IR ORI T R K 3
ﬁmo

x3I AEAABREEFR

Table 3 Different heating rate schemes

W A BESR iRk THERESR/ fEiRe
K4y Stk H/mg E/mg (Cemin”')  [H/min

1* 1.4 20 4.48 5 30
2* 1.4 20 4.48 10 30
3* 1.4 20 4.48 15 30
4% 1.4 20 4.48 20 30
5* 1.4 20 4.48 25 30

1.2.2 A% EFTR—EHRE

Shy BRVRA 7 A 5 A R — e A R T L R
%ﬁ,%@XﬁﬁEﬂ%%%ﬁmﬁﬁ% BiRis
P A Hr il e a5 R TR AL, i JR— 43k
%ﬁ%@%4%%oﬁ%,%ﬁﬁﬁldcm%
TREB A R R R AR Y 1.4 IR
SRR ANEAC RN T SRR R ER A =X
WEINARIX R A = R 1 T P AR R AR
i, g AR AN, 97, Ui & 9200 mL/min,
RIGZEHR G, WHRBEP SR SR, RIGEUH



94 P4

Bk 2

50 H4H

%E: (e}
*4 AEBHEERBRFR
Table 4 Experimental schemes for different melting

temperatures

R WA RRR ECRR THEEER/ JESE R
FhE FEL B/g /g (Ce-min”') E/C [#]/min

1" 1.4 50 11.2 15 1300 30
2" 1.4 50 11.2 15 1400 30
3* 1.4 50 11.2 15 1500 30
4" 1.4 50 11.2 15 1600 30

2 REERSHE

2.1 BREBHRNFITE

it Factsage 1133 % 8k 25 i ELH2 4 R —I6 77
AT RE R AR AR RO, RS LS
PRI D S0, R0 RSB AR ) B 78 R S R, R
PR,

3Fe,0,(s) +C(s)=2Fe;0,(s) +CO(g) (1)

Fe,0,(s) + C(s)=-3FeO(s) +CO(g) (2)

FeO(s) + C(s)=Fe(s) +CO(g) (3)
Zn0(s) +C(s)=Zn(g) +CO(g) (4)
3ZnFe,0,(s) +C(s)=3Zn0(s) +
2Fe,0,(s) +CO(g) (5)
3Fe,0,(s) + CO(g)=2Fe,0,(s) +CO,(g)
(6)
Fe,0,(s) + CO(g)=3FeO(s) +CO,(g) (7)
FeO(s) + CO(g)=Fe(s) +CO,(g) (8)
Zn0(s) +CO(g)=Zn(g) +CO,(g) (9)

AT 2 AT S R i I IR
Y75 A 07 F PR RE R R B AR AL OC R, W 3 (a) BT
No HEI3(a)AEN, SSaE s M
BRI BB IR RN S T . Fe, 0,
ZnFe,0, . Fe,0,. FeO, ZnO, if Ji & 8k 75 i 6] %
5 RONE ) AT R BRI B AR A OC R, WA 3
(b) Frin, HE 3(b)A[EH, Fe,0, 5 CO fItk
R, HIRE Fe, 0, il FeO, HI1E550 CLEAS
CO KRN, Zn0O 5 CO By IRE N 1 300 °C
Ay o R RO A A ER R B I R A 1 8
SRR, HAE— A N R
VLRI BN B BR A it R A . R BE . A

RS B AR L, il B e 2 I
SRR

(a) ELHGRIENL; (b) [HEE R
1 ~9—I(1) ~(9),
B3 HhinEHaEREEENTUXR
Fig.3 The variation of Gibbs free energy with

temperature
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FIH] FactSage %K F i 7 fif £ e, K T FT
oxide , FactPS il FSstel ZUH8 25, X F 2k 785 1 in 44
) 800 °C I} fIrifs py i AT AR, 45 B HALIR S
TAEL 5 43 T v A 3 A g 3R A A I Y
A 20 1.76 x 10° ], FLH R 25 i 13X 36
Iy TR R AR 4 BROK BRI FE, AR
KA B T SR — 5 I B as ,  [R] Asf osdZb 4
AR, B S XUk s B AR
2.3 BYREE Ca0-Si0,-AL0,-MO i& RBE 4 H

FIIH FactSage FAFHIAHEI B, FET FT oxide
Bl el A an s 4 Bion . K, al byoe 430
NPEZJE Ca0, Si0, . ALO, BIZEmA ™, &
BRZE I 18 R AL T A X
H B 3T 45 U T A5 R A i i R T AR IR R
1300 CZAT, B4l g, FHALKRET 1300 C
T REAE [ & BR A it ik, i Sl 3% B A v 1Y
o3 U B R HZ AR
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B4 Ca0-Si0,-Al0,-MgO & RHg[E

Fig. 4 Phase diagram of Ca0O-SiO,-Al,0,-MgO

slag system
2.4 BERELNSHEEERIRAZEM

TETHE# A 5 C/min, 1 450 CA£IR 0.5 h
ISR, HeIRER 2 oA [tk S 0T o L a4 7 A )
Ao ATk, 153 A gk A e H AR SR OC R
e s s, MBS MRB(L) ~(9) ATH, fEx
WA BN = A B, BB B 0 ~
300 °C, MERHK B R ;s 5 B 300 ~
900 °C, YIREIRF] 323 C AN Fe,0, HFHHHE C
WE, A Fe, 0, fl CO, XMiREFILF] 550 C A4
mF, FEBE CO Xt Fe, 0, Fl FeO fEHELIR, O A
PrREECREMEAIT G2 TGS, HRELT
580 CZEATHT, ZnFe,0, JFUHHE A JFAE B Fe, 0, F
Zn0O, YRR 700 C LA, Fe,0, Fl FeO
FFURFN C & A8 i I Ny 3 i A2 1 Fe FI1 CO,  BLH
FON RS | A cO B, KREML NIk
AN, FB=1HEHE 900 C )5, BEEER CO
(BTN, KA AP R ZnO A 5 1 3 R84,
Bl bR, TR B G n,  EL A B D
RIIE L, TIIE 900 °C 2 J5 2 5 il 28 10 T Rk %6
FHRIE R,

NSRRI AR AW g3 &/ T ST &= W i i A Y
LO ¥ 1.4 B, FEa SR E 5550 3.78,
4.86 mg f16.77 mg, SEIIEMAAE, HIEMK
MR R B Mk | Bt i 1.4 B E) 1.8
mf, RESEAE SN 6.77 ., 6.71 mg F16.70 mg,

Fih SR FIEARYERAE 6. 70 mg ZiA7 . K& T2
kA PR A S R R R AR
LR, 5245 5¢ 5 <5 T A A4 fioh 2 11 1) FIR ) 0
JOL N T F BR A, 3 S S AN — E BE 8 E AT 58 4
YERETT R LL/N T 14 B, BE R R R A 1
I, REAE R E A AN N, 2 ER R TR R
T L4 mf, SRRE R G R A AR
G, I ¢ R S 3 x5 Bk A i ik DG
fEEAER] . 25 LRIk, HRRA R Oy 1.4 Iy
BRI B R

WEFEL, 1—1.0; 2—1.2; 3—1.4; 4—1.6; 5—1.8,
5 BYEBREXERSEREXR
Fig.5 Relationship between weight loss rate and

temperature of iron containing kiln slag

2.5 FRERWNSHKEBEFEBRBEM
FERRSAT R EE R 1.4, 1450 CRIE 0.5 h /)
AT, #IRER 3 pOR [A] TR R A7 AR 2P 05
B, 49 21 2 Bk 7 I 2R H A0 AN [R] iR 2R 11
KR 6 B, E 6 aLAEH, THEB RN
5. 10, 15 °C/min (19 5% 35 28 il £ 76 U 90 45 A A
KB TP ROIR A Ul I R A P A )

FHREZE/(Cmin~"): 1—5; 2—10; 3—15;
4—20; 5—25,
E6 SHEEREXMABRARBRERXR
Fig. 6 Relationship between weight loss rate and different

heating rates of iron containing kiln slag
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ARBGARF; Mi20, 25 °C/min FHEHFE T R FH R
M5 T R a3, HAR oo 4t s A% 2k B R i
/N FHAD =45, U SR A i 2R A
IR SE IR, RN 58 4 W75 K
SN IS [

RIEAE B, FHEEZFM 5 C/min 3255
25 C/min S AL S BVRE 4300 6. 88, 6. 82,
6.79. 6.43 mg f15.69 mg, "WAHHEFHRERNS .,
10, 15 C/min B} A & 2R B AH 22 N K, ¥ 7
6.80 mg Zifi, FEANFIMTHRBRT, Szt
(] — T 19 5 g B ) AN ], b g 3k 23 bR Jsz i
BHE B, S aEE b mEMLwE S, 10,
15 C/min X = PMFHEHR T AL )T, RUIFE
X = AN TR R 9 348 J5R R N 3Z I R] P2 R
Wi, EL20 C/min #1125 °C/min THE#E R RREE S
WRG®REETH & E Ay, HIEAES,
10 °C/min FI15 °C/min FHilLE 2 T FE & 0 6K &
FEAHHE, T A B R RAS R A R
AR K 15 °C/min,
2.6 FYEBRBRIGER

FE_F RG] 25 40 A7 45 B I B AR 25 R T AT IR
SR il g, ARG o IR B Nk 4 s, 40
gEIRANE 7 Bron, RYEE 4 W0, FRAR IS LR

31300 C, (HIRFRLE R BRESAARUTE, W
Bl 7(a) R, A B, FEBADIRAS T ## 1 7
FHEITEEA, 5 0 4 2 v T Ui s A ek B A i 50
MEERE AR, J5 2206 or il 5 43 I AE 1 400, 1 500,
1 600 °C 1Y B2 T #E 4T, &40 g i & 43 5l ok
19.23 21.50 g f120.34 g, RIELERWE 7(b) .
(c¢). (d)Fi7m, AIEI, #£ 1500 CHIZM TG
BRI, LT (e) AT, Bk i 2 TH O
FEHRBRAGK SRR, 218, SRk
AR RN 93.67% , FEEL K
R 2T% FiAv, HIRFIL A Bl ge ke i i 2k
R 0. 6% Fidi,

3 #ig

A SCHET i R A Y L AR R R R
JR—I5r T, R S AR B s il il
JR—IE 53 55, IR BTl ST A L L IR R TR
RN B R 7 M A IR Ay BOR WS e R, A5
BT EEE

(1) Ezmds A bW B Y 58 5 I .
Fe,0,. Fe,0,, FeO. ZnO . ZnFe,0,, FiL¥Y 54
B RN BE 4y Bk 323.25. 682.2, 724.45
951.09 ., 581.55 C.,

JREE/C. (a) 13005 (b) 14005 (¢) 15005 (d) 1600
B7 ARBRETHBIER

Fig.7 Melting results at different temperatures
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(2) SERE R R 800 C 24T, HI
FHFRIRAE LR I — o> T A3 1« kAl REE
WIS AR 20 1,76 x 10° J, TR/ FE R I AE Y
[FIRHBREI T CO, AYHERL,

(3) TR Ha BU RN 30 3 %) B K 7 i 1
JRAAARS ALK, ERE R LN 1.4, FHERH S
15 C/min, FESWREN 1500 CHEMAET, &
BRI 1) 30 R —I 4y WOR BT, ot RIS RN
93.67% .
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