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Table 1 Chemical compositions of high

phosphorus hematite %
Mgy Fe,03  FeO P05 CaO  SiO, MgO AlLO; Hiy

HFHE 6534 1.26 1.90 5.12 11.02 0.8 5.77 8.00

R2 W APEERRILA AR AT
Table 2 Chemical phase analysis of

phosphorus in the ore %

HZS BRI EERE BRE PR Jxs
e 0.74 0.03 0. 04 0.81
BHEAE%E 91.36 3.70 4.94 100. 00

K3 HAPERIEEY

Table 3 Chemical phase analysis of iron in the ore

%
A IR mifkik RSy REET RERRER Bk
BegE 011 0.02 — 44.99  0.98 46.10
HEEE 024 0.04 — 97.59  2.13 100.00
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Fig.1 Micro-morphology and element distribution of high phosphorus hematite
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Table 4 Chemical compositions of anthracite coal

%
MRSy H, 0 REmR  #ksr WK
CE 1.39 79.32  8.87 11.81
HAAY  CaO S0, MgO AlL 0, Fe P
ik 9.16 42.35  3.59 35.35  3.30 0.62
AisEm
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Table 5 Chemical compositions of caustic lime

%
% Ca0 Si0, MgO Al,0,
e 67.24 1.67 1.50 0.36

WE BT 2 Fe,0, FeO M P, 0 #i4)5
B BT AR A B S AR ME (C/0 = 1. 0) 475
Wit RIS HT W Bk O R A K A A
507 ZE v BB L BRURE (CaO/Si0, ) HFATIR BHE
IAGRES S B o 76 1450 ~1 600 °C 54 F #EA 745
YL, I8 B A A2 R ) 3 T ik R

K AR5 BT T % 77 ik B R T Y Fe |
P ICE AT AT, IR S0 A 45 R A B B TR
B i B (L) o

2 BT E A JFUR R T o
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B B U SO et B, U o 7 o
P 1R AR 10 39 RE S B R Ak I
(LRI, W B LA (1) ~ (1)
TR S

C+0,(g)=CO,(g) (1)

C +CO,(g)=2CO0(g) (2)

C+H,0(g)=CO(g) +H,(g) (3)
B R N

CH,(g) +1.20,(g)==0.86H,(g) +1. 14H,0(g) +

0.74CO(g) +0.26C0,(g) (4)

CH,(g) +1.50,(g)==0.46H,(g) +1.54H,0(g) +

0.54C0(g) +0.46C0, (g) (5)

CH,(g) +20,(g)=CO0,(g) +2H,0(g) (6)
KA IA I v

FeO + H,(g)=Fe + H,0(g) (7)
FeO + CO(g)=Fe + CO,(¢g) (8)
FeO + C=Fe + CO(g) (9)

FeO + CH,(g)=Fe +2H,(g) +CO(g) (10)
FeO +0.5CH,(g)=
Fe +0. 588H, (g) +0.412C0(g) +
0.412H,0(g) +0.083C0O,(g) (11)
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Fig.2 Gibbs free energy of reactions in oxygen-rich

side-blown reduction smelting
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AR R (16) ~ (18)
Ca (PO, ) F, +45C + 10Fe,0,—
CaF, +9Ca0 +45C0O(g) +3P,(g) +20Fe (16)
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Fig.3 Gibbs free energy of fluorapatite reduction

reactions by C

Ca, (PO,)(F, +45C + 10Fe,0,=
CaF, +9Ca0 +45CO(g) +2P,(g) +2Fe,P + 14Fe

(17)
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Fig.4 Gibbs free energy of fluorapatite and

hematite reduction reactions by C
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Fig.5 Gibbs free energy of dephosphate reactions
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Table 6 Results of reduction smelting experiments of high phosphorus hematite

- B At BRI}/ % R IR}/ % Lp =wp) s/

e WA AR C/0 TG wip) wie W (Fe) W (p) WPy
RGP J 1.0 1.35 1.028 — 0.304 — —
5 2 Yo N, 1.0 1.35 1.326 — 0.857 0.011 0. 008
551 e ¥ 1.0 0.7 1.18 2.18 3.43 0.03 0.025
552 g J 0.8 0.6 1. 66 0.61 3.61 0.08 0. 048
5 1 g CH,:0,=1:1.5 1.85 1.13 0.73 3.46 1.30 0.13 0.178
55 2 g CH;:0,=1:1.4 1.5 1.16 0.45 0. 028 3.57 0.26 0.578

IR 25 S mT 0, A ol a8 rp BTk N, X
TR AT A2 RS D el e Wl 1 23 A T S R L5 A
W B, SRR P BB B A AR AR
B ar s KT 1.0% , B i kb 19 40 i e/ 1
0. 05 ; FEMIR i 56 v Bl ) s T 3B A5 AU AR T
Bok i mi e oA 2 o o 56 b i 2R ik
W S AR E] 0.45% , MM IR B S =N
0. 8% M BAEERA s, P A oK B S i R 1. 68% '
SRR A B DGR SR B i, AR ek
T E T RRAG 73. 21% , X FRHIR & A MIKGE R
SER AR AT A SO B T e AR EOK

HIE 6 AN, 575 1 Ayl g Bl i it (C/0)
185, i ARk S EE N 0.73% Bk B i A
3.46% M55 2 WA R R 50 Bk & (C/0) R 1.5

B, = A S | 0.45% ik & BN
0.028% , WJLAE i, 8 EC A b wT 42 oK B ik,
B30 PR R e AR i R R
=,

XFEEEE 2 gk s R B0 S g R
P38 A S A TP 3, AR rh s i 56 v A
TRk B2 BC AL A 0. 008 T A e 4 3 36 v s Y
SYBCEL T 0.1, XHmimcdr i 56 e i v i i o it
AT S5 R 7 WiR, B ATAL Mg
55 R vk R AR A T A AE . X 16 a4
WO A e R v 0 ) o v B 8 1) 2 2 I
F B RbE A R S AR SR AR, TE CaO A7 7E
AT RS H,0 M CO, & AR R R, A i
AN, ROV L (24) ~ (25)

R7 MWl AP o S

Table 7 Phase distribution of phosphorus in the final slag of the side-blown furnace %
e BRI B s P puy; C S
51 B 0.11 0. 006 0.014 0.13 0.21 0.003 6
55 2 Bl 0.26 0. 001 0.001 0.26 0.17 0.004 4

3.2 EENREREEEEITE

A A R R R, KRS AR L B
MR e AL B B SR e TR A, 1 TR M) v Ak
R RGA Rt i, RIS RSN 0,/ CH, K i
B Xt R AR AR D e e R A SR AR A S5 A TN
JCB W o6 GE n 82 W, i R H Factsage %K 4
Equilib #8385 1155005 B 20 - Jo M M4E-CH, -0, 1
RIS T -l nl , 25 R W 8 ~ 9,

FH 2 8 AT HL, Bk i (C/0) A 1.0 B, HL #HGA
JE A% v Wl k4 32 4 e L (PP B AR

SRR T2 R 7 A 1) Sk M AR OKE T R o
Wk, FERE YRR R I, R ST
AT JERE B 5 4 L ik i, oA N 1.0 32
2.0 I ERAY IR 0 $2 5 2 71,30 % . iE
BHE ] 2.0,0,/CH M 1.2 32585 % 2.0 iF, £k Ay ]
R I 76. 87% [ AK = 64. 88% , iX & K Jy Bl %
0,/CH, 34N, RIRTRENS 78400k b , BRbe 7 S Ak
PESA B 5, DRI BELAS Tk R AL W Y A8 R AR
EAE T I SR 3, 0,/ CH, Lo 3 4 3 3 i 1Y)
AL EE
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Table 8 Equilibrium composition ofhigh phosphorus hematite-anthracite
coal-CH,-0, at 1 550 °C in adiabatic condition
SR A A TN/ g UL T R

fitfic i (C/0)  0,/CH, B TeHE AR AR CH, 0, A Bk AR
1.0 O(HL#A) 100. 00 19.8 15 0 0 44.62 50. 60 39.58
1.0 1.5 100. 00 19.8 15 19. 15 57.45 110. 61 0. 00 100. 79
1.5 1.5 100. 00 29.7 15 22.15 66. 44 92.12 15.09 126. 08
2.0 1.5 100. 00 39.6 15 23.49 70. 48 65.43 36.57 146. 58
2.5 1.5 100. 00 49.5 15 24.84 74.51 55.40 45.16 163. 32
3.0 1.5 100. 00 59.4 15 26. 18 78. 54 51.25 49.08 178.79
2.0 1.2 100. 00 39.6 15 38.93 93.44 61.71 39.42 185. 84
2.0 1.7 100. 00 39.6 15 18.53 62.99 67.19 35.21 133.72
2.0 2.0 100. 00 39.6 15 14. 14 56. 56 69. 71 33.27 122.32

®9 RS
Table 9  Composition of molten iron
R (C/0)  0,/CH, BN £k [@] & IEAHR ST/ %
Bite/g W % c 0 P Si z

1.0 0 50. 60 97. 84 98.98 0.10 0.01 0.91 0.00 100. 00
1.0 1.5 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1.5 1.5 15.09 29.42 99. 80 0.01 0.14 0. 06 0. 00 100. 00
2.0 1.5 36.57 71.30 99. 82 0.01 0.11 0. 06 0.00 100. 00
2.5 1.5 45.16 88. 00 99.75 0.02 0. 06 0.17 0. 00 100. 00
3.0 1.5 49.08 95.24 99. 34 0. 04 0.03 0.59 0. 00 100. 00
2.0 1.2 39.42 76. 87 99. 82 0.01 0. 10 0.07 0.00 100. 00
2.0 1.7 35.21 68. 65 99. 82 0. 01 0.11 0. 06 0. 00 100. 00
2.0 2.0 33.27 64. 88 99. 82 0.01 0.11 0. 06 0. 00 100. 00
AT < JE AR IR 9 FR, BE K i .

C/OH 2.5 ~3.0 B, BT w0020 ~ 4 4k

0.04% wy, }0.17% ~0.59% , HAZ W5 X 5
S RN R a5 R LAY (w o, =0.028%
wp =0.045% ) B0k TSR AT EEE, R
FRT AR Ak w, o BEE AR w ) BRI TR
%, HAERRT w o /NTAZN w0 HIEEATIL 7=
TR I RIS K Y w0 KRR

T B UL AR IR R LSRR S T
AR RS BRIG B b, B TR by W e i A
M TR R R R BB IR B THERS B A 2358 R
PSR (H,0,CO,) FriHAE, RS brif i ft h
PRI /N T A A FE R A

S X o B AR A B R LA v R A A K 0
RV, X JEURE AT W0 1k 0 A 3 T 23 3 i) S i
b AT TR ST Sk JECE R A AR R T
45t

D) FHS A BT R W1, i B bR R B HL AT i
T IR S5, L Hh AR BT T 2 A e S kA
/A CINWEIR NI 3 iab it e VRN 3 3 DB
(RE/EL DI

2) I AR, AR WA L R R
AR LSS RAIE 300 D i ofe R A 4 i kAT, i AN iE
AR EALIE 23 S 5 AU CaO AFAERYZ5AF R, H, 0
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Reduction smelting of high phosphorus oolitic hematite
WANG Xingnan, CHEN Xuegang, GUO Yaguang, GAO Yongliang, LI Dongbo
( China ENFI Engineering Corporation, Beijing 100038, China)

Abstract; Aiming at the difficulty of producing low phosphorus molten iron in the existing smelting process of high
phosphorus oolitic hematite, the oxygen-rich side-blown reduction smelting technology of high phosphorus oolitic
hematite to produce low phosphorus molten iron was proposed based on raw material analysis, thermodynamic
calculation, reduction smelting test and reduction system balance calculation. The following conclusions were
obtained. Mineral analysis showed that high phosphorus hematite has a typical oolitic structure, and hematite was
mainly distributed in the shell of concentric ring wrapping structure formed with gangue minerals, which was not
conducive to the physical separation of iron oxide and gangue. Thermodynamic analysis shows that at 1450 ~1 600
°C, phosphorus elements in the high phosphorus oolitic hematite can be reduced in the form of elemental
phosphorus and enter the metallic iron phase, but cannot be volatilized in the form of phosphorus oxides. Only in
the presence of CaO, H,0 and CO, reacted with Fe,P to bring phosphorus into the slag in the form of Ca, (PO, ),.
The reduction smelting test showed that the phosphorus content in molten iron produced by the thermal furnace was
greater than 1. 0% , while the side-blown furnace was reduced to 0. 45% . The equilibrium calculation showed that
the recovery of Fe decreased with the increase of O,/CH, and the decrease of carbon ratio; w.; in molten iron
decreased with w,; in molten iron. This study showed that the oxygen-rich side blowing reduction smelting
technology had the advantages of the strong performance of molten pool stirring, oxygen potential regulation and
temperature control, which strengthened the smelting conditions of phosphorus removal in iron and phosphorus
retention in slag, so as to realize the efficient and short process treatment of phosphate-bearing iron base minerals.
This paper can provide theoretical basis and process parameter guidance for the industrial application and promotion
of oxygen-rich side-blown reduction smelting of high phosphorus oolitic hematite.

Key words: high phosphorus oolitic hematite ; oxygen-rich side-blown reduction smelting; low phosphorus molten

iron; phosphate-bearing iron base minerals; short process smeltin
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