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MF4 T LIEH R M 0.6 18 KE] 0.8 B, m,,
X B ETHIEEEAR /N M R 0. 8 3 0.9 fyad /2
e R A 4 T 2k RO H BEA S1  TH g
BEE R MRS K, X — FIHE T2,

BC Ak 76 BE F T A B v, A A
Si0,5 CaO &H0(7) BRI,



L9 T E A E S 4E

xCa0 + Si0,—xCa0-Si0, (7)

7ol 45 Ay SO 14 AL 2 BN, 9 SO,

FIZEH Fe, 0, REME 5 A EL CO KA RN, 5]

6 A i KL A B H Fe, O, B3 JUAY S 7 3o A A A B

AR EI ] LA Y 3K CaO il A TR B AT R0 12 5 fi

RIS CaO ROFEMLLA Il (7)) #9520

AR A TOAER 6 P St A S e it R A T

RAF A7 B Fe,0,444% Fe,0,—Fe,0,—FeO—Fe
BT ZHTBE C 2 CO I SR BBk

Ca0

xCa0+8i0,—~>xCa0+ Si0,

Ca0

TR B B S Fe, 0, SUR
2Fe,0,(s)+3C=4Fe(s)+3C0, 1
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B8 AR T P gkt XRD
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ESCRA AR B Y F e, R 5 ATLUE
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3.3 IBRURIR R B Bh S FE SR

AR A JEHIE FeO 138 5 RN
PLELEAE 7R SOV il BE AR T FeO VRBE C 0, S C
AR IE 355 PR 3R 0T A5 s oy 3 7 52 i ) = AR 4l
i E FeO AL J5 B2 o AILEE 1 S 75 200 5 S 0 2088 n
TS SR 0 e, AR 70 DGl B A R e 1
55 SEBSBUE D L 7 VRN AT B S LB

[FeO ] B i J5 B HRL ot 2k £ 2 & A (10) ~
(12) B B = Ff B

[FeO] +CO =[Fe] +CO, T
A.GO = —49371 +40. 17T (J/mol)  (10)
[FeO] +C(S) =[Fe] +CO T
A,Gos) =113386 =127. 16T (J/mol)  (11)
[FeO] +[C] =[Fe] +CO T
AGY =92048 -85.77T (J/mol)  (12)
SN

3[FeO] +C(S) +[C] =3[Fe] +CO, T +CO T
(13)
21350 C &, 20(10) ~ (12) =AU
A HAE A G°43512h 15 824.91 J/mol , —92 994. 68 J/mol
Fl - 47 156. 71 J/mol, IG5 T, FEIX IR FE
T, B CO IR JE[ FeO | 14 S b &b, HoA A~ 38 Ji 52 i
AR F R AT, ARYE TR R, RO (13) 1Y
J R FIRAA(14) .
v=k[FeO]*-[C] (14)
S RBL(10) ~ (12) & A H RETTHR- 45
AT DAHEWTIR BE 1350 °C 2540 F S T AN 4R Co
Z 5 BB R RN, B 2RI B0 o 46 3 38 3 L X
(15) ~(16),
2[FeO] +C(S) +[C] =2[Fe] +2CO0 T (15)
v=k[FeO]*-[C] (16)
FETRCA R WL R ORI IR i g0 25 21
AT T ZICHEE A 1.0 IS BHE 1350 °C 1400 °C |
1450 °C .1 500 °C PUAN L BE 554 T B9 S g 8 77 238
YAt 5%, 7E 5 W BE A5 R 4 0l 3 AT PR IR 0 min,
30 min .60 min .90 min 120 min F1 150 min B8 5
B ORI N FeO &3 Cppr , VIR ZE SN
6 i,

6 HBIAHEE ] FeO F1E C )

fisf ]/ min

w(FeO)/%
30 60 90 120 150

1350 18.65 9.74 8.90 8.56 8.45 7.32

1400 18.50 7.55 7.15 7.38 7.15 5.65
IR/ C

1450 13.25 5.46 4.77 4.21 3.41 2.66

1500 6.50 3.27 2.81 229 1.80 1.76

H1 6 T8I C o Bl 23U W14
JETF Cproy ST ¢ BRI (17) ~ (20), 1P
Cryo) H y 2o 0 il o 7
Yisor = —2.84 x10 7% +1.23 x 10 ~°x* =2. 04 x

10 *x* +0.016 22> -=0.632x +18.6  (17)
Yisow = —3.618 x107°x” +1.597 x 10 ~°x* -
2.696 x 10 *x* +2.152x° —0. 808 3x +18. 5

(18)
Visoe = —2.037 x107°%° +9.506 x 10 ~°x* -
1.683 x 10 *x* +0. 139 3x* —0. 550 Ox + 13. 25

(19)
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Visoow = —8.882x107 "% +4.167 x10 "x* - RS s X E] KT 30 min J&5 B9 2 N i #2 14 43 BT

7.248 x 10 °x* +0. 005 83> —0. 226 9x +6. 54

(20)

6 BT LA 1,0 2 30 min 3% — R A] B
PR RIE AR T C o, TR B, 5
ZAHEE  ZEAR IR 1] R T 30 min S5 59 R i #
Cryoo) PRERREEWIR I/, B, 725307 C oy T RE
BP0 ~ 30 min 33X — B[] B N A9 27 ) 7 27 5 Wil
PRI 2R SRR L 43 BT B g 3 8 88 e LS 0L

A3 L 25 B LA LY o, BT
— o T B DAY e D 2 7 18 2 A s I i) S R 1Y)
AN

X TR TE]/N T 30 min f 52 B33 4 5 A1)
UL il 2 23k 3R — B S R ik UK DRI I ]
10 min 15 min 20 min F1 25 min B C ., FIR
I v ARG PR 1gC ) T 1g0 ):EEYEIEI
eI N A R R G OELS | QU |V ONRL S g

Bk R IR T AL R I AT RO ALE A pr fn - BEE S TR 7
R7T SWELHMT FeO MUKEE Cpo) TR B v
i Clre0)/ % 1gC o)
HRIE/C 1350 1400 1450 1500 1350 1400 1450 1500
10 13.71 12.32 8.98 4.74 1.14 1.09 0.95 0.68
15 12. 14 10.39 7.61 4.18 1.08 1.02 0.88 0.62
FHI/min 20 11.00 9.03 6.62 3.76 1. 04 0.96 0.82 0.58
25 10.19 8.12 5.93 3.47 1.01 0.91 0.77 0.54
v/min ! lgv
HRIE/C 1350 1400 1450 1500 1350 1400 1450 1500
10 -0.36 -0.45 -0.32 -0.13 -0.44 -0.35 -0.50 -0.88
15 -0.27 -0.32 -0.23 -0.10 -0.57 -0.50 -0.63 -1.02
fif ]/ min 20 -0.19 -0.22 -0.17 -0.07 -0.72 -0.66 -0.78 -1.16
25 -0.13 -0.14 -0.11 -0.05 -0.88 -0.85 -0.94 -1.31
AU I F K (17) ~ (20) PRAKRI B B0, BN Tgko #5105 T 1O SR 8 ) 2% 55
I8, oy o, BRI HNZE 130 — SUIRIORIR, S5 8 .
TEARPR IR AL TR I I 2] 9 38 Ji S 07 38 2 1) £ {1 K8 KEEELAMET RNV A2
4 AU 2Oy B R — B 48 5k 3 0k X I 5K R
(21) ~(24), gy EREH IR
Y1350/ 0% = —14.2 X 10 x* +4.92 x10 2’ - 1350 3.344 6.01 x10™> ;355 =6.01 x10~3[FeO]*2 [ ]+
6.12 x10 *x* +0.0324x -0.632  (21) 1400 2737 4,92 %10~ 0,90 =492 X105 Fe) ] 15655 .[ ¢ ]0655
0y 4o/ 0% = =1.809 x 10 *2" +6. 388 x 10 “x" - 1450 2444 156107 vj4¢ =1.56x10 2 [Fe0] ™[ C]*™
8.088 x 10 *x* +0.043 0x —0.808 3  (22) 1500 3136 LOAxI0-  oyge =104 x 10~ Fe]206 [ ]
9y, 450c/0% = —1.018 x 10 “*x* +3.802 x 10 2 —
5.049 x 10 *x> +0.027 8x —=0.55  (23) U5 B B 3 RIS i S S B P S R K8
DRI TE B RHEE 1350 °C 3EA T3 J5 BN 1) B ZRCh

0,500/ 00 = —4.441 x 10 °x* +1. 664 x 10 °x° —
2.174 x 10 *2* +0.011 6x —0.2269  (24)
BN AN v, BOR T RO k, FeO MV EE Ny
C, BB K n, WA 0 = kC, 5T 45 2HO 5, 15
lgv = Igk + nlgC, MR4EFE 7 FECHE T A5 45 TR 2%
T lgo ~1gC 0 B HEL, IZIE HLRRIFN

My asoc = 3. 344 I FH 28 A 5 1 mT T F 345 31 s
(S E B BN by gpc = 6.01 x 1077 38 52 0f 3 R
M vy = 6.01 x 1072 € BN (25),

1350 CHLE T, 7 IR B B /N F 30 min 1 5N By
Bt T FeO WREE C o) FIT/NERAE #R 2551 R 16
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Ji SN R R R R ) AR A, H RS EE AR B
2R A /N S I o e B R B b s v R
RO IRAS T FeO TR EH A B
2.172[FeO] +C(S) +1.172[C] =
2.172[Fe] +2.172C0 1 (25)
1400 CIREET 38 J5U I 1 S G BT 1y sgoc N
2,737, S H B 4.92 x 107, 388 JEU R 8 R N
Vs =492 x1074C*™ 0 XT R N 1.0 IECE K,
H R n,, =2.737, MR RN (26), 18
1400 °C S}, RS R X AR T [ FeO] [ C] HREAE
AU R T 1 350 °C I B B T [, R 4R B
IO I IR T g2 s 1 SO AT 4R A
1.868 5[ FeO] +C(S) +0.868 5[ C] =
1.868 5[ Fe] +1.868 5CO 1 (26)
1450 CHRLE T, 305 SN SV AR 1y 4soc M
2. 444  J IR BN 1.56 x 107 30 J5 K 3 R
0y 4s0c =1.56 x107°C**™ 0 W (10) ~ (12) B
H HBEZM 4 19 841. 91 J/mol . — 105 710. 68 J/mol F
-55733.71 J/mol, FEEWRE FTF,C o FI[C]1ZYH
R340 5 SR 1) S FH RE (M i K, 3R W O
Z 5K )5 B RE 1 BTR B b T 1% W R, 8 R
C(S)M[C]Z 5 JF N e J1 i ok, g
COHMICIZHMBIFE N A HRE A G, M
A,GP  ATLAE 7R 1450 CFRTH B FUEYER TG
LU C(S) 2 58I I SR X B R (13) 1 5T
KT [CIZS 5 IRERN , P7E A oA =X
(15) "h By ZEOK B 7 el By 2R3k I AT R B
e C(S) W RE B [ C ] RBOR A
1450 °C N4 AL AR R N 2k, 1450 CHRE
TR RN A (27) ~ (28)
1.7[FeO] +C(S) +0.7[C] =1.7[Fe] +1.7CO 1
(27)
v=k[FeO]"7-[C]"’ (28)
1500 °CREET , i J5 S g 1) S 28R 3. 136,
FLH BN 1.04 x 10 7, TI& 1345 il A B I8 )5
FNE R v, 0 = 1.04 x 1072 C*°, 1500 °C %1%
T (10) ~ (12) B RN A W B 0k
21 850. 41 J/mol , — 112 068. 68 J/mol Fl — 60 022. 21
J/mol, LWEL C(S) [ C]Z 5k A HEE A,
Gosy M A Gy FTLLE HHTE 1500 C AT IRHEM
TUETER TR, BEU] C(S) 251938 J5 5 X &

R (15) BTk T [ C1 B 500 JE R b, A
MRS (15) PR ) B BOR I A A s ik T
TR C(S) 1 RBOR KT 1500 C &4 F L
SR B R FR IR, 1500 °C Y EE R Al A B
IE A (29) ~ (30) .
2.063[FeO] +C(S) +1.063[C] =
2.063[ Fe] +2.063CO 1 (29)
U:k[FeO}Z.Om.[C]l.OGB (3())
A5 B A5 R B R BT AE AL SR
Hi [ FeO ] ¥ BE AR AR X 2 07 38 23R 114 52 i) Sy = 22 B A1 A6
55 [ FeO MRS K [ C ] 8 A% Ak X i 7 38 3% 1) ¢ i)
BRI P 4 v TS AL T I 5 s T 58 5 T 4 v
MR, XFE 1350 C F 1500 °C AR E &40
PEAE T LU 5 & R 5 SO AT E 1 173
i, € B TRLIE T 3 PG R T D B g %R

4 g

)B4 B0 W) AH 2 B Ry AR T 32 R LA
Y I LA 2 G I A ORE SiR 544 3 A TR A
FRAET PS5 H R, #8816 R A 25 R Fe, O, B 3E
J 8 S ask A A Y e 45 R R HE K CaO i
ARREA R MR P A9 S CaO BYFEMIAER A
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of phosphorus and iron from a high-phosphorus oolitic hematite ore

Experimental study on oolitic hematile ore smelting reduction

MA Ming-sheng
Abstract; Experimental study on oolitic hematile ore smelting reduction was carried out. X-Ray diffiraction
(XRD) and optical microscopy obversition (OP) were employed to identify the mineral composition and distribu-
tion. The influence of additives, reduction temperature and holding time on metallic iron recovery rate was investi-
gated. Analysis indicated that the carbon content in iron increased exponentially with temperature, the expression
was y =0. 002+e”**". Total ferrum, P, S content were all increased linearly with temperature. Thermodynamical
and reaction kinetics analysis indicated that the solid carbon C , and dissolved carbon [ C] participated in [ FeO |
reduction reaction, the main reactant was solid carbon. The effect of [ FeO] and [ C] concentration variation on re-
duction reaction rate decreased with temperature increase. The rate contant of reduction reaction inceased with tem-
perature.

Key words: oolitic hematile ore; smelting reduction; reaction kinetic; reaction thermodynamics; reaction rate
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