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1.1 R ERY

PRI BT FH U A BN JE SV R ™ 28 B —
(eI E 80 KA/m) ARSI (LA R FR ilAf), Rifs
/NF0.074 mm FIRMA Y 90% L . TR EE LA
ROy IR 1. th# 1 Ar4n, WFE Fe 1 TiO, M A
I3k 57.29%H1 11.42%; FEZEMIMCAF Siv Al. Mg
1 Mn 5L, Hrb Si0,. ALO; fil MgO I &)
AA 3.01%- 2.90%F1 2.73%; 1 CaO 5 BAK, X
H0.37%; A< S, P IS REER, AN Ve

F 1 W EENE RS
Table 1

fraction, %)

Main chemical composition of sample (mass

Fet T102 SlOz A1203 MgO MnO

57.29 11.42 3.01 2.90 2.73 0.37

CaO NazO P205 SO3 KzO

0.03 0.30 0.07 0.02 0.12

Fe, is total Fe content.

K1 BT iR FER) XRD 3% &% SEM 4. 11 1(a)
a5, FHE Y EBE R (Fey15Tip2504), DE
ERERIT(FeTiOs). oL WAdBeMs, HIEl 1(b)nl %1,
WRFE B E N RLR G MR, By PR RIRLR 25k . “ 3
=7 SRR IR (B 2RO S R . JLr s R R
B 38— SRR (L IE 1(b) T @), ANERSR
A TR (A ZHR) 4l R e (LT 1(b)H b)

ORI N 2 mm MK, HA TR IR
AN KA 13%, KOy 13.97%, R 31.21%,
SEWK 54.83%, B 0.69%. FTHIBRER I Ak 2240w
NIRRT, I CaF, i 96%, SiO, 1 i 4%.

1.2 R AH*

BHREE 20 gv KESEH) CMC AikRE Y 0.5%.
T PR A B Ay (A ) TR S J AR R T 100 kN 4% A1 T R A
BJRER, BRFAERAZN 3 em, & 1.4 cm. MHAMUIS
VNI s, DRHARYE 596 = O ff e 5 45
RV AE, A SRS 3 ek, fuide
20 g MR, MR sR 2B, NS kR, B
FHE: FRREREEEIAE] 1200 CHIRE 300 min, 4R)5
BRI IO, A B AR AR SR AT 2
FERIEERIA, DURRRA KRR . KRSk AT M B %

(a) » — Titanomagnetite (Fe, 75Tig,50,)
» ® — llmenite (FeTiO;)

60 80 100

B 1 AR XRD % &% SEM 4
Fig. 1 XRD pattern(a) and SEM image(b) of sample

=Rk, —BUEY A1E /N T 74 um 5 76.22%, B
FEW 41 N T 30 pm (5 61.19%, BET RN 67%, K
H XCGS-73 WhiE S BATW Bk, WBEIERI
FE¥I A 151 kA/mo Forr, k= SOk gk, ARG
PEF= SRR

W SRR IR A S RIS RN TiO, 2 A Rk
JER PN AR, SRR TR TiO, sy A& TiO, B
FAENHREN BV T o IRDCR BTS2 R

Ry, = ke XM 1 100% (1)
WFe,o Xmg
Ry, = —22——02x100% )

WTiO2 ,0 xXm,

s Ree AERIEDECR : wee NIEJERAY Fe difiis mp.
NIESFRN T s Weeo N JRH™ Fe fifis mo 9S50 5
i RTiozi"J TiO, [MIC % WTiOZj"j%i(%ﬁr TiO, i fir 5
mrio, AEKKEH T wrio,o WA TiO, i
PLERRF SR 08 R berkar Lol —F
DRFFRERERRIRS AR, ELEHI SO, I3 T
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Fig. 2 Effects of additive types and dosages on
direct-reduction roasting-magnetic  separation:
(a) Fe grade of DRIP; (b) TiO, content of DRIP;
(c) Fe recovery rate of DRIP; (d) TiO, grade of
titanium concentrate; (e) TiO, recovery rate of

titanium concentrate
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ERUORE 2, R PRI R AT 74.27%(0 40.43%, TiO, M 95.57%F1 98.01%. LETIRE &

K 2(c))e WS DGR BRI A0 JRURE A6, 300 SRV K
PrEEm 3] 90% LA b, o et s, Rk &
MR KRGS, IR MR & 6%IN, 2k
i Tt 2 94.61%, TiO, & PR E] 0.41%: TSN
AR, R BBUR A — e BRI G, (H2RL
B FAN IR RN 2, R SRR LR FH i 8%,
R THE R 93.11%, TiO, &5 PR S 0.68%(W. &l
2(a)ll(b)). BEAGVS DA B0, PRSIk
MERER 7 B AR — L S 3G . el 2(c) T 4,
TN IR s (RSO B A R R, A R
I EEN, BICR E 74.27%FH 52 85.18% M
Ja XCORFEA 74.10%: 493800 FH B 0% N3] 8%,
BRI 74.27% T & 79.46% 11 J5 XK B A2
61.83%. 1% 1t B I i IS N A TR i, o5
(S ORI R IR RIS . T 2(d) T BLE 5
SIINPRRA IS, SORTH™ T TiO, d S B I 771
FH SR I 5 e 3 s B A 3A . JLrh i Nt A i
ERRGH™ TiO, it A7 B R SR ANV I 33.7% T i 31
36.73%IM i X R A 22.75%; WG EREN AR 7™
TiO, Fb A7 AN 33.7%T 1 5] 40.94% 11 J X T [
A 25.70% S50 1 IS S AR A R TR
HRER I AR I R N ER IR & AR . ] 2(e)
ATHL,  AINF R TiO, [MSCRAT— % [ 5,
CABR BB A S I Tio, MR Aesbn, Fatia
€ s LEEA R INFIT, SRS ) Tio, Ml —H
SIS, BATE, WE TIiO, FIRS R,
15 97%/i A7 . CA EER Ui, & & s nfAa ATk
(I T SCRVER P 4 3 PRI Jon ) DU 42k g [ R
(1) A

SR HOBURIL, WA FBRIR I E R 4%
WAL IR AR, e 4 R PR B e = 1 4y
ARTLAAG 2] 1) By AR ™, kA, 91.82%F1
94.45%, Bk AIH 78.49%H1 85.18%, TiO, 7= 0.84%
A 0.44%; 2) BKsH™, Hor TiO, fif7 35.87%4

R2 WECHS GBI S R

FERET, EEZH ISR 0.07%, SRR,
Fr B R bR . LRI, VR INBR R (28
AR T A, ikl WL, R AR AT A R
R pe—TE s RTERBR Y BSR40 M E B R, A
AR, R0 TiO, s WTIA E] 40% 2547, 45
P TE A T3 SR 8 (i A7 B THO, WA 20% Zc
APEVHOREE, WEREE R 2. ISR L T 2 e
SEEEIL 3 SR ) R 3w By BRORS ™ 147 H o

2.2 REIRINF A SR REKE T P HELE K 5 1

h 2 B R ek BT ) RVER T ) I 2 BT )
2K, Ay AT INnGR A FH 4% M 8% A R4k H
A% M 8% MRS ERIEAT X BFERAT I b, 45 R i P
3.

B 1 mT A, R i B A B R . A
K3 wT LA, RECHIAS IR, S84 £ 204

= — FeTi,0s  *— Na,Si,05

e — Fe * — FeS

4+ — Fe, TiO, 8 — Fe, 75Tig 2504

v —FeTiO;  o— FeO

Sodium sulfate, 8%

e * v ° °

Sodium sulfate, 4%

A 0%

10 30 50 70 90
260/(°)
B3 AFEES A SRR BRI XRD %
Fig. 3 XRD patterns of roasted pellets with different additives

and dosages

Table 2 Comparison of best results with coal addition and embedding

Classification Additive Fe grade/%  Ferecoveryrate/% TiO, content/%  TiO, grade/%  TiO, recovery rate/%

Coal addition Fluorite 91.80 88.52 0.46 24.05 97.97

Coal addition Na,SO,4 91.62 83.76 0.74 21.26 96.96
Embedding Fluorite 91.82 78.49 0.84 35.87 95.57
Embedding Na,SO,4 94.45 85.18 0.44 40.43 98.01
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JEBRN T SIMEAEANI I ROE SR IR Bk Bk
PILLERER I A o 2, FLUCON SRR ER A AR ERAT
ARSI, AInE 4%, AR A
ERERD" IORTIN VT I o, BRBR IR it TSk 55
VLIS I AT BE TSR IR s, BRIl 54k
AR AR B I it A 1) 55 A PR BR A 8 A R AR BR ™ e
AR5 T el A B A R S R T LR AR
W JE N HEAEEN, I AT IS, A R
PEGFRAR TR AR A HOIE S S Y R AL R, ik T
KRR A S JF HF AT I 2%, 2R W]
FESEH A, AN A B e Bt T B s st
MEAININEY 8%IN, EERARERDT . ERERE A4 R
BRIGATI I RRAR,  BRERIR i (AT e ) ik, 7%
AR AT PR R L. RIIELEHT RS, B UR
AL, BB S B R I, XS R
4% IS RAN B, AR, DA
R RRBAVE NIRRT R 4%I, AR R

(ISR VA % BRAT ) T2 2 A BRAR B Rk Bk
WA, PR SR R, [RIFERR IR B )
IR HE TR A (3 J s 7 FRAA AORT S 9 2K
L FeS (AT I8, X 0T AEZ D BRIRAN 38 IR
TR BERR IR A SN A K FeS MTEE AT,
e @M, T RN B R AL BTAR A
WA T Js AT 0 &k, AT R R0RE A S LB (R A

~ ~‘§ k"%- [ J "

B4 LRINFIREEERT) SEM 5

NI & 549 buR =S R E NI/ il € S S i vl /N 7SN
As)s, I BAEGRWHI & 8%, L T AW
AT o iy BRI NS IR 8% N, LKA BRH™ AN
ERERN IATIUEEN OK . ARBRRAR AT A FeS AT I ]
IR, SRBRATH R, RYIEHTE S, &
JR RS, B RN DA S 32 B, 78 TR R oA
AR IR S IR s A AR B G R, DRI 2]
JR, BEATH B

Na,S0,+2810,+FeO0+4CO=—Na,Si,0s+FeS+4CO, (3)

2.3 FEBEESR
2.3.1  TEA IR Resk R i o b

FRF SCHR[12-16] T 411, EKBRAT (FeTiOs) fE A JR
SIS HH, 3 S A F ) 4 e Bk B e B A ks A R, A
RGP E S 1 RO 23 BEAG AL S,
Y B, SRR AL R . TR R
(Fep.75Tig250a) 1 2 Bk it B i TERBRA,  WERIE R
M U A 4 IR R I T 25 ] B 2 X ERREBR AT (10348 ) A
B R, AR NS ISR I SR R b
Bk S AN PR EAT I BT AT . 18] 4(a)F1 4(b)
1000 Cit R 60 min TGS IR FEBK v S B0k
It BE . B 4(c) M1 4(d) 2 1200 ‘CIEJR 300 min [
Tois IR Pk i Bt I L 1] 4(c) M REREER 1/4
DI g i, TR R D) i e - ¢

Fig. 4 SEM images of roasted pellets without additive: (a), (b) At 1000 ‘C for 60 min; (c), (d) At 1200 C for 300 min;

(c) Section of roasted pellet; (d) Enlargement of area 4 show in (c)
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BT R,  PIRORE 1) 4 JR ARG 4 ERDIR . 4%
R PR AERTRL IR 320 TR sl S Ak, AAE SR 8 1R T 1l
T DR MO T A s ) 463 Jes R RO AN 2 A g A S
VI8, AR B < Bk R TE S AN 25 S W BRI 2k 11
H R

H I 4(c)rT LLE L, KEREERITI AN 2 22 5
Ui BB A N RSP ERIE B AL 405 o IS 43 X 300K
WK 4 PR EIEEA N, Kk EEH SR
BRRVERE 4L, 51K 4y Rib) ELEe, Bt i s (1 T+
R JEUR TE) PR S, BRREERAT 1) “38—" d5h Ry
ao RS RIIR, S RUBRREK R, S5 Y
SrETE, B AR TR R, KR
AR SRR o R H I 4 8 B 2 S B I
%, ULWA T BEAE N TR B30, S B BRI E AT
NS ARG IR R o EE T I R e Bk 4
BRI, B P2 M R LI AN G, X
AT O FRARME FH A B 7 VR SEIVER B 432, IRIR s I
FUIFER B SRR AN 2, IR ARRE T 77 A2 1 2 iR

WG 45 R S A
2.3.2 WS INEAT AR R A AN ] H A9 48 B A1 41 i B2
o

5(a)~(d)FT R4 Bk A7 T 4% 8% L) K2 i
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HMETE—Z)E 600 pum 4@, Kk P8
WAL o IR A P RS SO W 5(02) B
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¥z [Aliid FeS AHI%, JEM—/Z Fe-FeS-Fe 7z, ¥
PRSI ) LR . EIRGHS 23 P9 AT SO an I 5(d2)
Fiow, 4 B EDS Be i 2 B el &, P4
BRI AT o 1K T AMETE Y Fe-FeS-Fe 7%
JZ2, BARG T AL R SR m BRI 1, T
BB NS K A B — IR R . X
BT 2 Wi, AR SN 4%58 )
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5 ANERS IR BRI B
Fig. 5 SEM images of roasted pellets with different additives: (a) Fluorite 4%; (b) Fluorite 8%; (c) Sodium sulfate 4%; (d) Sodium

sulfate 8%; (al), (bl), (c1), (d1), (b2), (d2) Enlargement of area 1 and 2 shown in (a), (b), (c) and (d)

ARG RN TRk R Bk Bk 2 8 94
3 S, JF ELBIE e A%, R T,
Rk PRI T TR T, K
KSR TiO, A AT 32 5] 40.43%, TiO, [FII% 98.01%,

1) FUFALEIT E A B TSRS 5 NI R B B S 0
B 0 IR 3645 B BACRS  1 Ebe 3 R 2) VR IFIIN, 2 B R I, BTk Ao
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Effect of additives on titanium and iron separation from beach
titanomagnetite by direct reduction followed by magnetic separation

GENG Chao" 2, SUN Ti-changl, YANG Hui-fenl, MA You-wenl, HU Tian-yang1

(1. School of Civil and Environmental Engineering, University of Science and Technology Beijing,
Beijing 100083, China;

2. School of Environment, Tsinghua University, Beijing 100084, China)

Abstract: The problem of coal-based direct reduction of titanomagnetite ore is that the coal ash and impurities are

disadvantageous to obtaining a high-grade titanium product. To solve this problem, this study used embedding

direct-reduction where pellets without coal were embedded under the coal to be reduced and fluorite and sodium sulfate

were used as additives, respectively. The purpose is to demonstrate the feasibility of this process and study the effect of

additives on the reduction. The results show that good direct reduction iron powder(DRIP) and titanium concentrate may

simultaneously be achieved through this process, and addition of sodium sulfate is more effective than that of fluorite.

The suitable addition of fluorite and sodium sulfate are conducive to the reduction of titanomagnetite, the ulvospinel are

further reduced to ilmenite and ferrous pseudobrookite. The metallic iron particles grow up when the additives are added,

and the reason is that the generation of anorthite, nepheline and FeS are beneficial to the growth of iron particles,

respectively. However, a metallic iron shell is formed by the excess additives, which inhibits the reduction gas from

entering into the pellets and the reduction of titanomagnetite.

Key words: beach titanomagnetite; direct-reduction; titanium and iron separation; fluorite; sodium sulfate

Foundation item: Project(51474018) supported by the National Natural Science Foundation of China

Received date: 2016-05-17; Accepted date: 2016-09-30

Corresponding author: SUN Ti-chang; Tel: +86-10-62314078; E-mail: suntc@ces.ustb.edu.cn

(mig  fIF158)



