%42 K5 4 T RRFFR Vol. 42 No. 4
2019 4 4 A Journal of Chongqing University Apr. 2019

doi:10.11835/j.issn.1000-582X.2019.04.006

YO ik G It L ) o K/ B A K B 45 By 4k i B S

E AT, KRB AL, B E S
(FEHBEKRF RELEHARBREL LR T, LT 100083)

WE HFREFRLARRRNER TS T FZKEEMAHF TiC IR S )G BB LE K
A, ZFERMRAZ, ETICHEAOH AN ERELEGH RELTEP TICKATEE Fe ti 4
fREE, R EERLEE—R,FEYaRA T YO REFRLE, FBEA TIO, H .53 H
Feik Rk EABRA BT ETR AT RAEHNEZE B Fe-TIC LAaMR AN AP TiC 2ME B R
SE BRI, EFERSE LT TIC i@ A FA, LR RAK, F R E G, HE0HmE
MR B, AR A I, M & R A B B b 69 3G e, R AT B 0 TR RS T A AR R R AR, B K v 3R
BEhAGEEK, RIAAER TIHEARER A A THRESSRORERLTHRE, K&
Feebg R 1 191.7 HV(11.7 GPa), T w32 E 4 1 776 MPa; 41 & T ¥ 4. R4 Bk TiO,
C: Fe=20:8.6: 15,38 & 1400 ‘C.0e4 Kk 6 ho FFmARZToH A 1% & Ti p1EARmA

XEW B L oMABATER; AT

RESES: TF450 XEARERD A XEHS:1000-582X(2019)04-049-07

Direct preparation of Fe-TiC composite powders and its

ceramics by vacuum carbothermal reduction

WU Kehan , ZHANG Guohua , CHOU Kuochih
(State Key Laboratory of Advanced Metallurgy, University of Science and
Technology Beijing, Beijing 100083, P. R. China)

Abstract: In traditional route to produce TiC-type steel-bonded carbides, steel powder and TiC powder are
mixed mechanically and sintered after pressing. The cost of the raw materials in this method is high, and
the surface of TiC powder is easily oxidized which makes the wettability between TiC and Fe terrible in
following powder metallurgy process. The terrible wettability makes it difficult for Fe to combine tightly
with TiC, seriously affecting the properties and purity of the product. The present experiment uses
titanium dioxide powder, graphite powder and reduced iron powder to produce Fe-TiC composite powder by
vacuum carbothermal reduction firstly, and then the composite powder is used to produce TiC-type steel-
bonded carbides. This route successfully avoids the surface oxidation of TiC powder and has the advantages

of low cost of materials, high purity of the products and excellent properties of the prepared ceramics. The
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results indicate that, with the increase of carbon ratio in the raw materials, the hardness of the product
decreases while the bending strength increases firstly and then decreases. Besides, the addition of Ti
powder enhances the hardness and bending strength of products. The optimal product with a hardness of
11.7 GPa and a bending strength of 1 776 MPa is obtained when the raw material ratio TiO,: C: Fe is
20: 8.6 15, temperature is 1 400 “C and holding time is 6 h with Ti powder of a mass fraction of 1% as the
additive.

Keywords: titanium carbide; composite; carbothermal reduction; vacuum
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C-Ti
Data from SGTE 2014 alloy database, 1 bar &ctsaga
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Table 1 Experimental conditions of carbothermal reduction

20 5 TiO,: C: Fe s/ C JE 5% /Pa A TSNk B 5 B Y
1 20:8.5: 15 1 400 10 =R 0
2 20:8.6: 15 1 400 10 it 0
3 20: 8.7+ 15 1 400 10 Bt 0
4 20:8.8: 15 1400 10 et 0
5 20:8.5: 15 1400 10 it 1
6 20:8.6% 15 1 400 10 =5 1
7 20:8.7: 15 1 400 10 Bt 1
8 20+ 8.8: 15 1400 10 et 1
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L ER T AR, FIHE S5 T2 (TMP) & N R 2= 0.002 Pa, HEg5 P 5EL 2 °C/min
B T RORE I FE 2 600 CARE 2 h bR PVALKEJG LA 5 °C/min A9 BCRBEIRE T2 1 400 CHEIR 6 h. 5 LA
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(800~2 000 H)EEME I AW SEHLIEAT S A o 7 2 3088 (SEMD WL T 38 Ji 7= 9y 0k 1) I 55 - 3
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Fig. 2 XRD patterns of the products obtained from different mixture ratio
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Fig. 3 SEM images of the products
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Table 2 Contents of carbon in the iron phase after reduction from different mixture ratio

451 TiOy: Ct Fe A5 I 70 BK by 5k 23K/ V% C & it (Bt 050/ %

1 20:8.5: 15 0 1.3
2 20: 8.6 15 0 1.2
3 20:8.7: 15 0 1.3
4 20: 8.8: 15 0 1.4
5 20%8.5: 15 1 0.3
6 20: 8.6 15 1 0.4
7 20: 8.7+ 15 1 0.3
8 20: 8.8: 15 1 0.4
TiO, + 3[C]=TiC+2CO (2
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R T R ek A i 2L, L R R T AN, S R R AR T TR . 2 DR P B A R A IR ) v R AR R R R
V14 7 35 0k » I 5 i T 190 8, i 3 Al A ok 22 5 380 0 %) JRE 3 T AR UK o TD ESF i 8 e A A S M A R A T
st PR ) M ol EL S i R R B T R A . 2R L IR L B RO e B TC LU P B 7 ) A S T BRI TR 1Y
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Table 3 Mechanical properties of composite ceramics

20 51 TiO,: C: Fe TSR ROk BT A 438/ V6 1 i / HV (GPa) R/ MPa
1 20: 8.5: 15 0 1 .099.8(10.8) 1208
2 20: 8.6 15 0 1.056.5(10.4) 1357
3 20: 8.7: 15 0 948.8 (9.3) 1127
4 20 8.8: 15 0 898.7 (8.8) 1089
5 20: 8.5: 15 1 1237.2(12.1) 1686
6 20% 8.6 15 1 1191.7C11.7) 1776
7 20: 8.7: 15 1 1.059.8(10.4) 1488
8 20 8.8: 15 1 1 005.8 (9.9) 1421
3 & it

FESZ B, FH TiO, M A1 888 FE IR AR A5 o JFORE, B3RS W Fe-TiC &8k ME R TiC RMWEEHE &
SWER, S5ST .
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