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Table 1 Chemical composition of vanadium-titanium iron concentrate ( mass percent ) %
R TFe TiO, Al O, Si0, MgO Ca0 V, 05 S P
i 53.12 12.70 4.70 3.88 3.90 1.58 0.56 0.677 0. 005
R2 BB MAVE
Table 2 Composition of pulverized coal
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*3 ARiks
Table 3 Experimental equipment
B AR s 3 jife
T B B SX2-9-14TP 5 BHAN AR A PR ) Ris
MK L 5 SHB-111 AR L TAYRR) Wit
F A R g TR T AR A DZF -2 FRINKARFE L3R AT B2 ) HET BRI
WK ERHL FYD-30 Jem A E I BRI il # BRI
B R 12001 KRBT ERIRS SR R A BRA W] PR AEH
I BEFERS ZNCL BN TE AR BB A A PR A 15 S 6
THIRERL €J-3 BUM SIS PR 7] BRI
PH i CT-6023 WL AL L TR 45 A PR F) & PH (K

1.3 REBEKEAE

AR R B GE S50k , 1l # TiC R AR 5 4
B AR 1 PR,

D) Kibg. F 2R bead B 7 i v B AT
FEABREIAG 545 T A Ti0, |V, O5 RRA J5 D TiC
VC, [AI kAL IOy Bk . 8 10 g kB
HI7E 120 CFHRARME T 5 B AL S AR
T R BHP oR e SR A B ARV A, M T T iRk s
Ve B 7 A Tt 4 03 S A BT R A, D B
TR E 12 [ (1397 mm) §ff F 2 5 J5 , % —& 53
FESBEAT YA 0 M, — 58 50 FF il IR 5 AT A
IIMT o BRARPUER BN 04 BROBE LU Bk A T 38 i
TR RE 38 S ()% 3 J 7= Wy AR OB B 5 i o
AR SR ST AE A5 A R M MU o

2) BRI, FERRRIZ M AE T, IRITR M ATJE

AR RO R AR 4k, 2 BT R IR 3 A 1 SOUE A2 Ak
B, A PG B L 4 TiC B A AR
HFE R T BARP Y TiC VC R Ah , b 47
A — BB 7 N 5E 42 11 4 8 SR AL B At vT REAFAE Y
Al F= e A AR A B TiO, 3R ER , BRI nT DAk
PEME P A X S 2% A, AT 2 35 P W SR o 3
1 X} FL R IR FT IS 0 AH A3 A 45 5, T DL - b i o
H bR = B o A B, DL R AR R IR 45 1 F A7
TEREE . IBULA B R , TR IR 1 R S XA i B
AR =R, R T B 2 VA A B i 2 1 ) —
SE I A AR YA 2 B B A A A i - H
B 2 25 MR M I AC2S B i A ROWTE 5

TR, ME 1 R,
1.4 SWHRITEAX

1) >R FH 4 Fo 7 2 1408% ( SEM, Inspect F50, 3%



2025 42 J155 1 13 0 A HTRLTIC R A bPRHEL 4 T 3.

e g | « [ servamiza] - [ m ‘
! BAHA ﬂ FE R

e U | L

BRI 7

FreskE || BbEkE | C——) | MR

[ kflskr |
””””””””””””””” wr
e S
| pH | |XRD| |SEM|

1 LTZnkE
Fig.1 Process flow chart

[ FEI 23 7)) RAEFE S IES . @5 SEM (Inspect
F50 B4°5) u] LA E WL WLEE SR it O ROWAS ), 4t
KLRTEAR RN R THT 2 75 06 18 BORLRE , DL AR 2
] Y AT SRR ST . XA BT T e AR SE g 251 T
(AR BRORE b 3 5t 3 B2 38 T i) ) ) i) £ /Y TiC
PRIEE BB ROIE S22 1k

2) 3@ 1k Nano Measurer {44341 SEM & H (k£
At N BEALEURL 400 A4~ ) , 20 A il 1 SF 2R AR
FORLEE oA, [R5 X 2R BETE AL (EDS) 15 73 A
FEMICR BT o T8I0 UKL RO ) £, /]
DIPTSR AR RS- R0 A% o R E 43 A W) B e 1 Sk
KNI BIORRERE | RIVAS [RPRE AR 1 UKL 70 A it v e
YB35 T S84 i 9 4 3P S (i sl P
S ) DR N PERE AR, AN, BN
V- PP A A RLIE 43 A1 T BE 23 AR S5 2207
FCAnAE S 5265 ARG 3G 5 A ) Hh A S5 47 B R g
EDS FJ ARG INIX 48 X SRR (1 e f R B2, DA T Aff 2
FEG T GLX A TC R R AR R & 5 0 7R S5
Hh S IR AT LA TR] AR AR T R 3 ORLAR £ B A
TCRAMAGE RS AT 1 1 % TiC BB G AR
(R 183 FRAROUL 45 7 22 [B) 1Y) 26 2o il an, 7T DL o
TiC \VC AR AT H AR B EAE i P A o3 A i 0,
PAK SR A AE HAt 2R BT R

3) KM X AT (DX -2700, B ITi s ) 43
Prie s BOMIAH . BOE B S BN A 10° 3]
90°, [A] 2k 0. 026°, 43 B 4 0. 02°, X L2 4)
PesE 7 XRD ) 9 FELAORT R . AR XS E
il r ARSI S AR i o AN ) el A AR ATT S 0 e S b
HERY SR AART SR (PDF R X% Fe, 7T RURA E A i o

FAAERIARR S . AR A AR (4 TiC \VC B gk
55) BAA I SR RS54, S A 5E B AT S AR L )™
AR S 06 o 2o 0 T X BB AT A U ) 07 5
SEE R, AT LA E A USROS NI FEAS
[ S A5 X = My AR 2

2 PUERERAG IR I R 2700 B
2.1 H%EUMEFRIERNFEDN
PUERBRGI TR 3204 FeO Fl Fe, 0, , H
BRERYIE S AT BE S LA (1) ~ (6) 525 SN bR
HEE /K 5 A 407 H AR AGT FNRLEE (T) AR 56 & 4
2 iR
FeO + C =Fe + CO(g)
AG! = —0.144 7T +140. 59 (kJ/mol) (1)
Fe,0, +4C =3Fe +4C0O(g)
AG! = —0.156 27 +151. 21 (kl/mol)  (2)
Fe;0, + C(g)==3Fe0 + CO(g)
AG) = -0.191 0T +182. 07 (kJ/mol ) (3)
FeO + CO(g)=Fe + CO,(g)
AG! =0.025 17 -23.182(k)/mol)  (4)
Fe,0, + CO(g)==3Fe0 + CO,(g)
AGY = —0.021 0T +19.303 (kJ/mol)  (5)
Fe,0, +4C0O(g)==3Fe +4CO0,(g)
AG’ =0.013 5T = 12.561 (kI/mol)  (6)

-50
E -100
5 150+ —=—3X(1)
= ——F(2)
200 —*—303)
—v— 2 (4)

——(5)
—38(6)

~300 . . . . . )
1200 1400 1600 1800 2000 2200 2400
T/K

B2 Bk AGT - T ]
Fig.2 Diagram of crbothermal rduction of
ion oides AG! - T

M 2 aTRUE AR RS R Bk e 5 C
() B IR RN AGY (B35 R S AR, S AT LR A 5
WA S IR T, AGY ORI, 18I S A I 44
SR, R BT A R OB I #EAT o JREEAE 1073 ~



4 ¥ EH R & b 4

BRKIFEFALTA

2273 K i}, CO JE 5 Fey O, £E B FeO 1 521 A i,
AT LA A 3 CO I8 5L Fe, O, 42 i Fe LK CO i85
FeO (15N, o AGT ({35 2 TEAE, 1 W2 S N 2
AREA RIATH . TEETE 1073 ~2 273 K I, 55
A REHEATHY S 2 Fey 045 C WA= B FeO, Hk
& Fe, 0,5 C WA, Fe,SR)5 4 FeO 5 C A=
Ji Feo
2.2 FeTiO iR R ERNZFES
FeTiO, i — M i 22 A A, g i F e
— M EFE RN B SO AR, R
HREA] REA UM R S P Bk S B i B
FWIA(T) ~ (13) o 25 SO B T BE 2R 35 A 7 A
HIfE AG, AL FITRLEE (T) AL R W 3 PR,
FeTiO,; + C(g)=Fe +TiO, + CO(g)
AGY = —0.373T +359. 68 (kJ/mol ) (7)
2FeTiO, + C(g)=Fe + FeTi,0, + CO(g)
AGY = —0.240 7T +262.42(k]/mol)  (8)
FeTiO; +3C(g)=Fe +Ti +3CO(g)
AGS = —0.239 8T +355. 40(kJ/mol ) (9)
2FeTiO, +3C(g)=2Fe +Ti,0, +3CO(g)
AGY, = —0.3105T +329. 71 (kJ/mol)  (10)
FeTiO; +4C(g)=Fe + TiC +3CO(g)
AGY, = —0.1755T +218.55(k)/mol)  (11)
FeTiO, +2C(g)=Fe + TiO +2C0(g)
AGY, = —0.2749T +356.82(kJ/mol)  (12)
3FeTiO, +4C(g)=3Fe + Ti,0, +4CO(g)
AGY, = —0.331 6T +341.50(kJ/mol)  (13)
100

~300 - 5%(7)
—-(8) (1)
400 | -a-3(©9) —3(12)
"—Jk(lo) —’—»\(13)

00
1200 1400 1 600 1800 2 000 2 200 2400
T/K

B3 CiAJ5 FeTiO 1 AG) - T &
Fig.3 Diagram of C reducing FeTiO,AG’ - T
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Abstract; So advantageous are TiC-based iron matrix composites in terms of high hardness, strength, good

plasticity and toughness, and simple molding that they are widely used in industries such as aerospace, mechanical
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equipment, and automobiles. In the preparation process of existing TiC-based iron matrix composites, high-purity
Ti powder, Fe powder, C powder, B,C powder and other materials are mostly selected for synthesis. In this study,
vanadium-titanium iron concentrate and coal powder were used as the main raw materials, and a new type of TiC-
based iron matrix composite was prepared by carbothermal reduction-acid leaching process. The effects of
carbothermal reduction and acid leaching process parameters on the preparation of TiC-based iron matrix composites
were investigated by single factor experiments. The results illustrate that temperature exerts a remarkable influence
on the phase composition of the products. With the increase in temperature, Fe gradually changes from existing in
the form of Fe, 4Si, ; to Fe,;Si. Under the conditions of a ball-to-material ratio of 4: 1, a reduction temperature of 1
550 °C, and a reduction time of 30 minutes, the main components of the phase composition are Fe,Si, Ti(C,N),
excessive C, and MgAl,0,. By employing a 10% hydrochloric acid (HCl) solution, maintaining a solid-to-liquid
ratio of 20: 1, setting the leaching temperature at 85 °C , and conducting the leaching process for 120 minutes, the
acid-leaching operation effectively removed the extraneous impurities. As a result, the TiC/Fe composite material
was successfully fabricated. The morphology and particle size showed little change before and after acid leaching.
The particle size was 22 pm before acid leaching and 23 pm after acid leaching. It should be noted that the
reinforcing phase TiC in the prepared TiC/Fe composite material is impure and predominantly exists in the form of
Ti(C,N). However, this problem can be effectively circumvented by selecting an appropriate raw-material-to-ball
ratio, appropriately adjusting the carbothermal reduction time, and maximizing the carbothermal reduction
temperature to the greatest extent possible.

Key words: TiC/Fe composite, vanadium-titanium iron concentrate, coal powder, in-situ synthesis, carbothermal
reduction-acid leaching, TiCpurity, Ti( C,N)
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