H53 % Ho
2024 4£ 12 f

FEA RS
China Nonferrous Metallurgy

Vol. 53 No.6
Dec. 2024

SI3zAgsK BN, RN, £ A TRV BB REPGE ST ik Ti - Si SRS SR mise ()], hEH E164:,2024,53(6) :30 -40.

CAO Li, ZHU Kuisong, WANG Jun, et al. Experimental study on the preparation of high silicon Ti —Si based alloy by sili-

cothermic reduction of acid-soluble titanium slag[ J]. China Nonferrous Metallurgy, 2024 ,53(6) :30 —40.

N

‘é]b ﬁﬁl’z’:;, 5&%*}1’2’3, i _'Z__":_l’ ﬁ%%l’ g;]\"’%‘";jé‘l’ '%

RV PR fek PO S i) o5 = ik Ti - Si B2 5 & iR IT

21,23 1,2,3
=207 A2 ARA

(L AUBRBTIRZE S FIRT IO 48 B Se g, U1 BERAE 6170005 2. BEALfE 7 Be HLEK =B, DIl BEKAE 6170005

3. E YUK N g =, U] BEEAE 617000)

[H 3] BEBEHFT BIRY ST R RARAE A AR EIRA SERGGFR, ATE2 8 A
TARBR BB Gk @b A AP AR T e M R SO BRI M ARE A RAT, R A AR R GE REHRATT
Ti—(55 ~70) wt. % Si 24 43X, F oM T AR RBRFTENELr BEXR YRR L, AALLSY
HMMAREMTY e B TR SR, BREN, EEBEEE A EfFE 54T, Ti -60wt. % Si
SRS BARRIF; SEAR T R E LA N Si 48 . TiSi, 48\ TiFeSi, 484 Ti(Fe, Mn)Si, 48;
RAEASEY BERRT,1F3) 6 £ REA4L R A Ti-56. 29wt. % Si -6. 6wt. % Fe 0. 41wt. % Mn; Ti Fe.Si #=
Mn 49 =1 2 551 2 :89. 8% .93.5% 92. 1% #2 94. 4% , BRIEVE4kiE Z ik T R G128 Z R4 MR oA
W T Ti—(51.4 ~67.17)wt. % Si, 484 4 w LT @ 5 B & & ) & C54-TiSi, #AL R, A,z T

LI e 6 B BR S AR 0 R 3k BRI M AR TS 0 R AR T kA TR e R,

[ Kb ] BRaMakiE; AHGER; HAE T -Si A4,
(P25 ] TFI25.2; TF823 [ SCHkbRER ]

DOI:10. 19612/j. enki. ¢n11-5066/tf. 2024. 06. 004

0 5IH

BEV M DXCBIORT B 2 L SIS i A 21 A9 B
THA R HIMRFIERE, Bobr o BRI PRSI . (HR
PR BRI A o DL BIR (IO, 2 BEZY 4% ) B8k 5 it
B (Ca0 + MgO B 10% 2247 ) , BRI T 7E = ity
SALER AT A R R VA P Bk 1 3 58 19 FH B
W 1] A B B, (EL R ™ HE DR ) 2 L A BR A
W SRy IR, AR I RS R 15 2 R

[ Wicki H#99] 2024-08-26 [ 51T Hi#l] 2024-10-14

[SEFHW] 2024-10-16 [ HR H 1] 2024-12-01

(5 —1EH] B (1990—) 2o A, Bk, #5805 10 2 LAk B 1
GabEER A,

GEGBER] TEA0971—) B i+, B8, NFHUER 25 & FI
05 T W B AR

[EEWH ] U4 R SR T 5 H (2021YJ0548) ; 141148 #1L 4k
FERET R AR O PR (2023FTGC09 ) 5 Tl 6 25 B 7 4)
TARTRREE G RFN Y 09148 1o 8 T S 56 8 PO (FQWLY
—2023-Y -06 ) 5 K FH e AR G2 A B FTHE U )1 48 8 1R o i S 3 =
FEHCGR ( TYNSYS -2023-Y-01) ,

BN MALLR LM 4K bt ; C54-TiSi,
[CEHE] 1672-6103(2024)06-0030-11

FH, RS R IR 7 3E UL BE, A5 T %R
BT BRI TS, A 2ot it Fe K A R 7K
(P SRR, UM U2 T A ol 2 1/ e il | W S LR Rl
T BV TE IR R — AR Pk i 40 (5 75 2 2
B IH R B LR 40 SRR S 25 M R AR
fifR DR PR T MR I 255 ) AT R i RO [ A5 P p 2
KB [T .

TiSi, 1 Si + TiSi, H i & G bHRHIT B4 IO F ik
RN S, (815 EL A PR 71 AR s R 45 g 2
B AT R 23 00 T TR X 15 A b 5 40K S R o
T HAUARLTE AT A A L . C54 - TiSi, 15 S
B LS EERAM VIR (B RTE R #d b
L UURVRIR K AN T2 B8, I LU A 5 Bl
B A A A% PR G 25 b (B LA, SRS E Y
TiSi, MR A HBEL A ) S T 3R At B A Ti -
Si I, F#AIG €54 - TiSi, B LR, Zhu 256 DL Ti
~T5wt. %0 Si )4 A VR AT P TG S 1) 68 1A 4 2
BN T A E IR C54-TiSi, ; Bl gt ™



2024 4E 12 A6y

55« BRIA R BRI A PR I ol 7 = ik Ti - Si e S IR W - 31 -

DLk Ti - (55 ~75) wt. % Si G4 AR 4, %
TR HLREE 1) R RS iR T2 1R ) T
FH#E 4. 75 x 10 7> Q-cm (7540 C54-TiSi, . B, 4%
A Ti-Si Zuh S MEFIAE &k Ti-Si A 4450
il g5 CS4-TiSi, I BFFE R AT AN , =k Ti - Si JE 5
G Si G (55 ~75) wt. % B, S W T4 8 1) Bk ]
G TR L2 AT LAl 48 AN B Hofthy Ti = Si i) fb &
FMIRHLBH Y C54-TiSi,

FET I, AR PR A o R A A b DXCBR 7 M % 1Y)
FAEE R, B R P e R D R Y A s o % v
Ti—Si $4 4 (Si: (55 ~75)wt. % ), 1 = ik Ti -Si
BG4 (Si: (55 ~75) wt. % ) Bt A I BHL AR i) C54 -
TiSi, il &AL JFURL . XA REAS TH BRIV PE BRI 7R 2K
PV BE LA R R BB AR, 52 TR Sk 02 [
JE 77 0 R EE R ALK ™ M A A S R TE IRLR S
FI AN G0, e BAA HE 2 5

IR BRIk
L1 X8R

G LB AL B | SR A ARk B oy Jit
b, R A L REAR DAy i JEGR) O 8 R 1 1 B A ek ARG
JEil R ik Ti - Si G MR . RIEPEBE Y

XRD F5h oA & R A2 8o e 4 45 i 1A
1R ik 550 ol a7 ir W3k 2.

4000
5
3500+ 4
2 1-FeTi,0;
3000 I 3 2-MgTi 0
3 3-MgFe, 11,0 ;
2500 27310
: 4-FeTi0;
B2 000t 5-Fe Ti0,;
= 5 6-CaALSi,0,
1500 4
3
2 1 3
1000 31 £3 3% 4
1 2 32% % o)
500} 112 %%112 2
1111 1 1
ok A Al
I 1 1 1 I 1 1 1 | 1 1 1
10 20 30 40 50 60 70 80 90 100 110 120
20/°)
B 1 FRIEESKI R XRD T4 #reh

Fig.1 XRD diffraction analysis results of

acid-soluble titanium slag
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Table 1 Results of chemical composition analysis of acid soluble titanium slag( mass percent) %
WAy TiO, FeO Ca0 8i0, AL, MnO TFe
B 74. 00 4.69 2.00 6.52 2.82 0. 896 6.55

HRIE 1 RLAL, BRI PR Hh TiO, & 24
74% , 455G XRD i1 55 73 M7 45 2R al J1, TiO, A 5l
JEAH , 245 FeO \Fe, 05 Fl MgO [ 78 AR R A1 A1
T BRI

®2 Tl fess o o gt R (s )
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Fig.2 Acid-soluble titanium slag silicon thermal reduction experimental device

AL A U8R A AR N G Bl YR i e

AT I IE AR BE KB 1400 °C Aty o i R

PRI B 3 IR D 280 T o Hﬁéﬂﬁi( Ca0): (Si0,): B, BRIV VEBR I fif POl JU ) 4 i ik Ti - Si Bk
(AL, 0,) =38.5:43.8:17. 7 Hi & &) CaO Fl ALO, LRI IR 3 FiRs.
(A, 4545 Ca0-Si0, - AL O, ZJCHIE™ | ikt I 3 ik B A% A, PR IBORF I Jot e F) PR 1
R3O RENEBRE PO S A I Ty 5
Table 3 Experimental scheme of silicothermic reduction of acid-soluble titanium slag
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Fig.3 Macroscopic cross-sections of different high silicon Ti—-Si based alloy ingots obtained

by silicothermic reduction of acid-soluble titanium slag
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Fig.5 Phase analysis results of different alloy structures obtained by silicothermic reduction

of acid-solub

(=]

—&—5i0, —&—Te0 —4—TiO,
—¥—MnO —<¢-Ca0 —»—MgO
——ALO,

|
W
(=]

i
)
3

-150

-250

AG®/(k] * mol™)

o 1 1 1 1 1 1 1 1 ]
4'000 200 400 600 800 1000 1200 1400 1600 1800
A

(a) FRVEHEBRIE TP M SR DU R A A

6 MREVEBRIERENGL I

le titanium slag

100
A A A A A & A & A A 4 did a3 aAA
0_
£ ,loocb—o—o—o—o—o—o—o—o—o—o—o—o—.—.—w“’../l
2 [
g
— 200
;\E —-—Ti
Q —e—TiSi
<1 -300p —a—TiSi,

—v—TiSi,
_400,W
_500 1 1 1 1 1 1 1 1 I}

0 200 400 600 800 1000 1200 1400 1600 1800
BEEIC
(b) TiO, ik F A ST BEAFAE S A AR HERS A 0T A R BE SRR

’M
S

(55

Fig.6 Thermodynamic conditions of silicothermic reduction of acid-soluble titanium slag
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Fig.7 Microstructure morphology of the alloy was obtained under different target alloy composition conditions
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Fig.8 Electron probe energy spectrum analysis results of different phases in alloy structure
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Table 4 Mass fraction of valuable metal elements in different target alloy components after

silicothermic reduction ( mass percent ) %
ERWES H b f i 41 Ti Fe Si Mn
VE SN Ti-55 wt. % Si 36.78 6. 64 46.53 0.49
ViE VA Ti—-60 wt. % Si 33.50 6. 05 51.42 0.45
VE XM Ti-65 wt. % Si 28.68 5.14 55.65 0.39
E XM Ti-70 wt. % Si 24. 63 4.45 60. 19 0.34
RS PRSP SO A RO ER I R
Table 5 Recovery of actual alloy composition and valuable metal elements after silicon thermal reduction

M4 5 K e %

RGPS bR L
Ti Fe Si Mn
izt Ti-51. 40wt. % Si-7. 3wt. % Fe —0. 44wt. % Mn 88.6 92 91.7 92.4
Jrge 2* Ti—-56. 29wt. % Si —6. 6wt. % Fe —0. 41wt. % Mn 89.8 93.5 92.1 94.4
E M Ti-61.92wt. % Si -5. Twt. % Fe —0. 35wt. % Mn 87.3 90 91.2 93.2
E XM Ti-67. 17wt. % Si -5. Owt. % Fe —0. 30wt. % Mn 86.7 90.2 90. 8 93.2
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Abstract; The acid-soluble titanium slag produced by arc furnace smelting of Panxi ilmenite concentrate has the
characteristics of low titanium grade, high magnesium and low calcium. At present, it is mainly used in the
preparation of titanium dioxide by sulfuric acid method. In order to extend the industrial structure of Panzhihua
titanium, the preparation of Ti— (55 ~70) wt. % Si alloy was carried out by silicothermic reduction method with
the acid-soluble titanium slag as raw material. The slag-metal separation effect and influencing factors of different
test schemes were analyzed, as well as the microstructure morphology and metal element distribution of the alloy
products. The results show that the slag-metal separation effect of Ti ~60wt. % Si alloy melt is the best under the
condition of considering alloy superheat and density. The main phases in the alloy are Si phase, TiSi, phase,
TiFeSi, phase and Ti (Fe, Mn) Si, phase. Under the best alloy separation effect, the actual alloy composition
obtained is Ti =56.29wt. % Si-6.6wi. % Fe-0.41wt. % Mn; the recovery of Ti, Fe, Si and Mn is 89. 8% ,
93.5% , 92.1% and 94.4% , respectively. The actual alloy composition of acid-soluble titanium slag after
silicothermic reduction tends to be hypoeutectic Ti— (51.4 ~ 67.17)wt. % Si, which can provide raw materials
for the preparation of C54-TiSi, by electromagnetic directional solidification separation. Therefore, this process can
expand the use of acid-soluble titanium slag and expand the application of acid-soluble titanium slag to the lower
end of the titanium industry chain.

Key words: acid-soluble titanium slag; silicothermic reduction; high silicon Ti-based alloy; slag-metal separation;

microstructure ; titanium industrial chain; C54-TiSi,



