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Abstract. With the advancement of technology and the harsh requirements of the working environment, the performance of
traditional materials has been unable to satisfy the requirements. Ceramic-reinforced phase + metal matrix composites have
become an important future development direction of material preparation technology. In-situ reactions to generate carbide
ceramic-reinforced phases to prepare surface-reinforced metal matrix composites are one of the main research directions.
An in-situ reaction is a reaction between different elements or compounds by controlling the temperature and reaction time.
By forming one or more reinforcing phase particles with high strength, high hardness and high melting point in the surface
layer of a high toughness metal matrix, the properties of materials are improved. In this paper, the technical development
status, preparation process and evolution mechanism of the carbide ceramic reinforced phase are studied through literature
research. The existing problems of the technology are proposed, and its future development trend is revealed, which
provides a reference for scientific researchers.
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Fig.1 Transition metal carbides™
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Fig.2 Self-propagating synthesis of solid-state reaction®
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Fig.4 Bending strength and fracture toughness of materials with
different NbC contents”
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Tab.1 Density and mechanical properties of TaC ceramic materials at different sintering temperatures™

Pesi /C AR 2 /% A [CAf 2 /GPa B2 5 [E/MPa HPER R /GPa W7 44 £/(MPa - m'?)
1 800 87.66 9.84+0.64 277.57+26.20 338.57+5.76 3.75+0.48
1900 85.51 9.79+0.60 302.82+35.33 344.54+13.67 3.78+0.11
2 000 95.83 14.10+0.56 348.05+27.46 440.10+19.93 4.66+0.24
2100 98.29 14.35+0.52 367.87+22.71 476.16+15.29 4.45+0.19




CHIER AR N12/2022 B IR, REMREH&RAMBELEMBHHRER

<1035-

S B A E0B ik RE % 55 BE BT TR )2

J AN N F A TE R 43 SR WS 1Y 4 S A A
N7 A= B A s T P R B XY S R B 43 A, IF HL
E T A BT AR S DR A% | R AR R 2 25 AR 4
ZA R, BRI A RV OIS
— G MY BN TEAZLTE 53 B FROE =X 3 A5
AR SIE A%, NN I BUBORL ) [ - %5 A2k
AN TIE MR B 7 OCHVER], Ae i AR A
SR IE SRR T EE, I HUCH B R
—ANBEEEES Y RGHA RGP R, R R
I, AE X RS 28 T 28 MU A R A AE — SE AN ] 240
M BT WA 06 s A B, S 38 T - [ A
FINE T LS N S BRI A% , 2 T AT A
SR A AE ISR TR A% BRI 1 B AR, AR T 22 N 5
JIEFE AN T TN AR AR o B A% BRS AT T R, TR
TJ2E T, SRARAE R 3 AR SR 28 BB AT 1Y
FUIH RRAE IEAEAE FURE X IL A A5t A 2528 iR Xt
FEANTEAZ B 0 37 MOR e BRI AT IEE . E3h T
25, B ) A AR 8 AE IR (R )
1149 52 B0/ 56 Bt 7 20 ) 2 B A SR A IRt oK AT &80
I o BT X b 3R ) R AT A B H AR AT 2 07 T A
SR E MR IE TR R 22 A X i T i
A5 B E T A% D) k2 7E B 1 05 T
1238 35 SR f#% Fokker-Planck & =11 85 /1 27 3L A 7 &
(XN

JrASE S A SC R AR Ay S B g 1) Al PEEA
XTI AT — o B BE L b T A RE AT A5 R AR 7 S B
PRALFE B, HTHORIR AR A I R0 i Ry HE A e
J R PSR R TP AR 2 Moc R I H A& Ao
FALFEVE A Ge g i i PR o i, W R4S
JCE B W AT A BRI A
FEHEAT — R B SR, e e AR H]
TAAAE AR B B L S, He e K43 T8 A e X
Y~V S I AT 3 B T A7 2 I 22 Atk T = S vz
RE T IR, FEOZEIS A BRI
et [ - S RS TR TR AL L R
2.2 R RIS AE KA B R 38 AL A

URL Y 9iR 4 8 52 G B RE I 1 5 AL B2 [ PN b
HE IR N Z —, SR BN il 5
Wi 4 Jm I 2 A MR B SRAL B . O AHKY
SRR BT 7K 32 10 28 R T AR, DT 8 5 B S 6
S EE QR A 5 T AH NG S BURL A | AR R 2 ZUIR
A TGO S0, 57 485 %8 B 1, DA 42 /8 52 5 A4 sk ik
JE 5 @Nn T K I 78 A B A0 7 A Y s AR RO L LR Y
AH G BRI AL K s AL LI AT

221 RAGE G R
RAE A B R A B 2 & Ak
oS AR SR A S A R SRR 25 A 1 B TR 5
B AFELESRIE B, A (DRI,
= lx'l’ +,j2x';+ ...... Vait (1)
A,y U 3 50 4 8 I A M RE G P B A
x A — 20 B W B A 50,0 S m 4 R
F PR B EL sn Ay 38 i T8 XA 5G40, SR RN J80R: Ry
AR AU 1, FEAAR AR Ry 5 A AL -1,
KB fR R T B SRS M f S A Y 5 AR R AL AL
il {6 B ML s T B A MR B 3 i i R
2.2.2 By A
BY 1) il i A TR BOSTIEA Sy 1 56k AF S50 5 356 44 3
MEE M RBIEEAEH, 2NN E &M
Ak A TR B YA FH A% 3 28 o7 (o 84 5 A4 7K 32 1 1
KFHER, S mp R i, nT AR Q)T .
o=o(l-a)pto(l-a) (2)
K, o, WEGMERE o, HIGRAKI R E 0,
RFEARB SR B sp N E B ARNY B B o O 5 K
TR,
2.2.3 Vi LB R AR Y
7 A5 95 i AR AR g 2 i Arsenault S P2 T
PR, TR AT Ay 18 i A 2 0 e i S A P 1) 7
G R A AR e LLE B i B AR
e ML at | Ramarkrishnan 452345 & 37 Y 15
BIRUPE TR A BB AR TE R G
B2 B AN TR OL R, R TG SR AR R Y SR AR
KT FEARAH B s PR AR B 34 0 A DX Sl % AR S AR TR |
T 48 3/ 138 i R %) AR AR DX S8 & A= PR AR I | Jis 5 4
558 A 19 SR A4 DX AT kA R AR E | oG &R T HEK(3)
%\%i—\‘ﬂ]:
=0, (14/(14) 3)
Kt oy W BRI oy R HEATRE L fy R 05
HAOR PR i AR AR R T
2.2.4 Vi ARRE B RN
7 78 A 250N T A FRE AR A L T A A N AR
RS 255 AL . Chen PUFEAT A FRITAL LT
15 52 A bR R S B0 RS B0k A7 IR
LGN L R URL A RS0 0 A B A R 1) g A i Ak
TR O, WROTIAFE H 20 MR o R A R AR R S
FEARFRIE RS 22 560 2 A PR s AR AR
22,5 WAL
W TN AL IR E R SR s
TE 12 33 2 38 2 5 R 8 5 Uk T S8 a1 R,



+1036-

FOUNDRY TECHNOLOGY

Vol.43 No.12
Dec. 2022

A5 FIURE J] BT A 8 2 (P 5), AT 2 g 4 Rk B9 52
& BT AL AR AL A B JeE AR L 7 3 R
ASNCOE-ZNUR

_0.81MGbIn(dy/b)
Ao= 27(1-v)*(A-d,) @

K M RN T G BT d, ORI AR
b FAAER A sv IAAN A O DR E AR

5 BT s AL AL 2 R R

Fig.5 Schematic diagram of the Orowan mechanism!”
2.2.6  #ifhiRAE

20 ity SR AL 2 A5 T A A0 AR ARORL Y T 5 Ok 4 R A
BEAY 9 R, T8 N OL R ARHER = AR 2 AoRLA
sir L B9 RS /I T S B A R A o L B Ok R
AN SR TR T &R AoRLB A HooR
JE B W R YA S B S, EEER T
s A 4 Ja 14 R FUE R R R, ARAR AN
[Fi) JBC o) 1) R 52 3 77 AR B AR S I, i % A A
TR ERLN LSS IR TT 3, i — & S ™ AR
FEFNIGFE | 1 22 fh P 0 00 5 0 A0 SRR XA —
A KL S8 P A8 Al TG 1 L A 47 ) AH 2B A kLR
2%, HLis OB AE SR B ZE R TESNIERTR B
St BRI ZERR A — DR, AR T A AR
RN A DR T 3 B 3R 3 3B, R sz 2 40 Dy
A IR S R Z A RN, MRS T Y
A1, 0% Ho kol 2 | AT AR OR | RBUBA b kA
PRE L Ak b e S IR N 3 R A] o 5X(5) L
W 2

Ao=K/d" %)

K K w8 d ik R
2.2.7 il

AT A% 36k 5 Al R A8 T A A1 I A 7E BE A ) 4%

128, 18 B 0] LUAT S50 $H 300 A 3 56 AR BORL | M T 4
o A PR BB RE B 5 64 S IR S g R E 5K (6) %R
R

Ao=c,| 1. (6)

K o R HEARE BRI T7 5 f, A 3 58 JSORL AR R 23 0
2.2.8 ST AR AL A R AL AL

J T AR A 5 R A AL T R ol T SRR S R
UL 0 A ik R BORTR], 5 BOb R 7= AR K
Gl AL L BRAEDIRZS R, B i A S IR0
J1] F X (7)FRE,

Ao=aGh | %ZAC@ ) )
P

o AHRG G MU (b WA ERR A AT
it BEAZ AR s AC D9 FEAR 55 UKL AR Ik 2R 8022 o, o i
Sii R (A FR 7 B s, R UK AR

T EERIRLIE T A B A SR AL, BB A AU
X4 Je 9 S8R 07 ) SRR AR T, b IR 5 A AL
AP AE L I i A AR 75 AE R 2 5 AL A1 1 5 56 A i 2
Aii RN BB AT 5% T AN S N 3l e 7RI, 7R
PR TR O™ A AR AR, AT o 7 05 B A
(R A A A L A R AR Y ORI NS A 4 e
T B B EE T M2 —

3 BEEERESHRMRER

Wi 5 1 R AR Ry 525 A RHER v PR B 1Y SC B2
Oy TER A MR AR B i3t H ) SE R RR I AE T, ik
A3 oA DR G LA e s R v e A R R A
PE o5, Bz Mo i H TR G Mk 1 VB R TT
R kYo R, AR T A8 RS i A
7 2N BRI Ak ) W 2 38 i AR B RE T DL 2
3.1 MEEEEERE

Ta H AP 1 R LR f it e AL 40, FH VR Bl i 38
SEANEA HRAE S Tailid 5 C A R A £ 3
%)ﬁ% s ﬂﬂ TaCX\TaQCy il Ta,Csy %m, ,E\:':P TaC E@%
SRR 3880~4 000 °C, fifi FETAF] 15~19 GPa**) J 4]
AR S YR S — R, Al
LS P o Al 2 SR DT AR I A S8 b ik 2 1T T AR

R 2 ARBRUMBEILREYIE R

Tab.2 Physical properties of the main carbide ceramic reinforcements
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Fig.9 Diagram of the diffusion microstructure evolution of the Ta-Fe-C system*
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Fig.10 SEM micrographs of the TaC-Fe layers formed at 1 150 C&%
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Fig.11 Cross-sectional SEM images of the Nb-NbC/Fe core-shell rod-reinforced cast-iron-matrix composite after different heat
treatments®™?
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