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Effect of reduction process on transformation of iron, phosphorus and

aluminum minerals in flux high phosphorus osophyllum hematite
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Abstract: Due to the limitations of complex mineral composition and special embedding characteristics, it is difficult to
achieve the ideal separation index in the traditional beneficiation process for oolitic hematite. In order to explore the
reducibility of high phosphorus osophyllum hematite and the behavior of harmful impurities in the process of direct
reduction,in this paper, the Changyang oolitic hematite in Yichang area, Hubei province is used to carry out direct
reduction experiments by using three reducing agents, namely coal,CO and H,,to investigate the mineral phase changes

and reaction characteristics of the main components such as iron, phosphorus and aluminum during the reduction
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process. The Changyang oolitic hematite has an iron grade of 50.53% , a mass fraction of phosphorus and aluminum of
0.83% and 3.87% , a mass fraction of calcium of 6.73% , and a binary alkalinity of 1.03. Through Factsage
thermodynamic software calculation, FeO produced during iron ore grading reduction easily reacts with aluminum-containing
minerals to produce hard-to-reduce iron-aluminum spinel, thereby inhibiting the in-depth progress of the reduction
reaction. In addition, the reduction behavior of aluminum-containing phases such as chamoisite is significantly improved in
the presence of CaO flux, while the phosphorus elements in the phosphorus-containing phase tend to migrate at higher
temperatures and are enriched in the metallic iron phase in the reduction products. Under the condition of reducing
temperature of 1 050 “C and holding time of 90 min,coal,CO and H, are used as reducing agents to directly reduce the ore
sample ,and the metallization rates of the products are 83.43% ,88.90% and 96. 75% , respectively. By analyzing the
reduction products after ball milling and magnetic separation, the three reduction methods have little difference in
dephosphorization effects,and the dephosphorization rate is maintained at about 70% ;while in terms of aluminum removal
H, reduction products show significant advantages, with its dealumination rate reaching 68.33% , which is significantly
higher than the 45.71% and 43.55% corresponding to coal and CO reduction. XRD and SEM analysis results of direct
reduced iron and magnetic separation tailings show that H, has the best reduction effect, which could destroy the dense
oolite structure to the greatest extent, improve the magnetic separation process conditions, and increase the metallization
rate.
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Table 1 Main chemical composition and losses on ignition

of flux high phosphorus osophyllum hematite %

TFe FeO Si0, ALO, CaO MgO S P %efi
50.53 5.04 6.55 3.87 6.73 1.31 0.055 0.83 6.5

A PIRY SEM KIS ANIE 2 o, & 2 AT,
A BAT R R [FC R E5 A, RSF S 0,05 ~
1 mm, HRESFGRR Sy ikc” , i 2 (b) Al .
SRR @ XA, | B AR, BOCER S
RN, HEZYM N EBEK A, B 2(c) Al
U, 2 AR R SR O 1 I € DI B L 5
BBy, HEEWA sk AT, ZIX e
BT R Y FE B A X, 2 (d) Al 3 Ak

SR A TR LIRS £, Bl Bk
AN

A—IRERET; B—f3%; C—IRWEKA ; D—Hii 2k et
1 B SEEIK TR H XRD Ei%
Fig.1 The XRD spectrum of fluxing oolitic
high-phosphorus hematite
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Fig.2 The SEM image of flux high phosphorus osophyllum hematite
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Fig. 4 Gas phase equilibrium diagrams for CO and H,
reduction of iron spinel and iron olivine

HITE 4RI, BRAIONE A0 55 BR AR 2R A0 A8
JS V7 368 i SR A ) D AU R v i R, D
2 CO Bk H, A5 ESET 90% , HIEREERF] 1 000 ~
1200 CHf, B AREA ST, MILZT, Hat
(9) ~ (12) FiaRmg N Al WL, #F CaO 25 ) W 1)
THOL, P A I s 07 BT i 1) s S < ot
AR W] A 2450 R TR i 20% . i
FEET 1000 CH, i EIRIgEfT, R, B
FeO 55 AL, Si BJkAIE AR E L&Y, WARELE
CaO ik J5UTAR B BRIV T T SE Bt )i

SRBEAR A0 BCRE DT ) AH X 4 R AL R B AR F 5
Mo, i R 2 3 L T 2 A 3 ek S n Bl 4 7] s
R R AR S R, AR, AR SRS Y K
FEARAR PR B B AT AR R RE L, BR A B By
R AREE, NELS L F, MR
LSRIONERPSUN s /I W o B NE 1 DN 1571 KA G 2
NN 3
2.3 BWETW

BEICE DLW K A [ Cas (PO,),F] A EEF W)
A, WRAAESIIR 2R 2R b, — MM S, KA
SERRE, EEMEEREF TS H, k4
AAGR RN, APFFERM, £ Si0, F1 AL O, £
TEMIBOL T, XWFAEY 225 R K A 1k
JERCRE Y OB FTR

2Ca, (PO,),F +9Si0, +9AL,0, +15C0 =
9CaAl,SiO, + CaF, +15C0, +3P,

A G*=2312954.2 -668.936T J/mol  (13)

2Ca, (PO,),F +9Si0, +9AL,0, +15C0 =
9CaAl,SiO, + CaF, +15C0, +3/2P,

A G*=1970261.8 -434.367T J/mol  (14)

2Ca, (PO,),F +9Si0, +9AL,0, +9C0O =
9CaAl,SiO, + CaF, +9CO, +6PO

A.G" =3 437 429.8 -1 249. 0557 J/mol  (15)

2Ca, (PO,) . F +9Si0, +9AL,0, +3CO0 =
9CaAl,SiO, + CaF, +3CO0, +6P0,

A G" =3 389295 -1 336. 1967 J/mol  (16)

2Ca, (PO,),F +9Si0, +9AL 0, +15H, =
9CaAl,SiO, + CaF, + 15H,0 +3P,

A.G" =2 818 390.7 -1 076.927T J/mol  (17)

2Cag (PO,) F +9Si0, +9AL,0, + 15H, =
9CaAl,SiO, + CaF, +15H,0 +3/2P,

A.G" =2 568 970.3 -1 008. 5787 J/mol  (18)

2Ca, (PO,),F +9Si0, +9AL,0, +9H, =
9CaAl,SiO, + CaF, +9H,0 +6PO

A G" =3 349 093.6 -328.679T J/mol  (19)

2Ca, (PO,),F +9Si0, +9AL,0, +3H, =
9CaAl,SiO, + CaF, +3H,0 +6PO,

A,G"=3359849.6 —1 029.405T J/mol  (20)

WA 2 B9BFFTE, Cas(PO,),F 5 CO i
AP, P, PO FI1 PO, MUIREESIHIN 3 457, 4 535,



86 b 4

Bk ]| F50E FHa4H

2752 K #2536 K, H5H, KAERMAERP,, P,
PO H1 PO, BYTEE /518 2 617 2 548, 4 000 K FI
3265 K, fERBGRJE R WAL THEEKRR . SMHEE
Tl H,y . H,0 FE B A UM FT T, 58
PR st R H, DLd s R E A RgalE A,
RT3 B 2 AR IR SR 7P ) RN R B
PRI, AlRE SRR P S A o B R w2 00 1 o0 TR &R
PIAIRT 2o T Ia L, SR RW], SR KA 7E H,
ST B JE A ORI B B S BRI, 3 IAE 1 338,
1384, 1610 K £11 986 K ifF-44 . P, . P,. PO
PO, FEEHEE Y, XKV, 18 H, ik
Ui /RONIUEU L S Ol LT I R S R oY < 9
MIATRENE, AT N HAA RO RS 5 I RS AR

SR, AR A e N Bk A A 5 kom0 ) &
FLOBIZEH, HZEZ AR, X 55w
TCERME AT, MELL K AR A U A T
RTED WNER, SubREr, [R5 7= 4 i
2 T RS Wl R AT SRR ) S TR A, B v R R
SARIE B FeP, Fe,P Fl Fe,P % Wi fL 4 [ WX
(21) ~(23) Fizs ], WIS Bk oT R fE g b &
Hretk,

2Fe +P,(g)==2FeP AG’= -394 711.9 +

173. 3837 J/mol (21)
4Fe +P,(g)==2Fe,P A G’ = -470 040.9 +

173. 6117 J/mol (22)
6Fe + P,(g)==2Fe,P A G’= -470057.7 +

174.256T J/mol (23)

FeP | Fe,P il Fe P S Wi A0 1 25 B FE AR T
R H, R JEAAE N I N AT Cag (PO,) F A2
B ROV E . X R, TR JFE R b A Y P,
e 5 4 I Bk S i AE R E R B AL S H, xfl

X LAE i Py B3k T Bl s Rt — M BR
3 HWEARSITiE

3.1 JAFIEERARE HEEER

161050 °C, 4 90 min BT, i =
FORTEI IR ] (B, CO. H,) BEATIRJR, K5 f5 5]
B ELHER IR BR S 20 min, 7F 40 mT #3758 F
P TREVEAL R, Z S5 IE & B AL, BisE R . i
FRARAER R, IRIREE R anER 2 o, B COo,

H, B30 B a5 70 ) AR 4 4 Jm AL 30 83.43%
88.90% H196. 75% W ELHLIEL, AT UL H, /o818
JR) B9 30 D8R B AR T BE AT €O, a3 A D IR
A, Hy S TRRREUIN . ROV, ARECT HA
IR SRR, H X IR 25 A 1 32 57 R IR RE o
BEUCE TSR 8 177 55

R2 ARZERIZEREZFGTHEEUEMBIERER

(FRESH)
Table 2 Maetallization rates and magnetic separation

indices under optimal conditions of

different reduction processes %

HELERA SRR PR B BRIEeR
o 83.43 67.55 45.71 80. 44
(0(0) 88.90 68.22 43.55 81.96
H, 96.75 71.96 68. 33 81.44

MIERIZERRFE . M. cO, H, i JFE AR ENL
RWAKRKZR; —HBWBER508 67.55% |
68.22% . 71.96% , WABERHORIELL, H, 75
BERWE S Hy, BB R B4R, S 68.33%,
ST B A SRR R A AR R A AR AR AL,
M XRD XJ#G ik e o 347 0 A, WEZE R T H) XRD
3 an S BT 7 o i IS o] O 7R A TR A D 4% 1

(a) H, BWFET"; (b) COMEN"; (¢) HILLFER
A—Cag (PO,),F; B—Ca AL 0,; C—Ca,SiO,;
D—CaSi,05; E—FeP,; F—ALSiO,; G—Fe;
H—Ca, AL, SiO, ; I—CaAlSi, O,
B 5 ®HEEH B XRD Eif

Fig. 5 XRD spectrum of magnetic separation tailings
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Fig. 6 SEM morphology and element distribution of coal-based direct reduction of osophyllum hematite
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Fig.7 SEM morphology and element distribution of carbon monoxide direct reduction of osophyllum hematite
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Fig. 8 SEM morphology and element distribution of hydrogen direct reduction of osophyllum hematite
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Fig. 9 The influence of different reducing agents on the microstructure of osophyllum hematite
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