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A Study on Microstructure and Mechanical Properties of TiC/Steel
Composites Fabricated by Powder Metallurgy Process

Jihye Lee*'**, Seungchan Cho*, Hansang Kwon**, Sang-Kwan Lee*, Sang-Bok Lee*,
Daeha Kim***, Junghwan Kim*"

ABSTRACT: In this study, TiC/steel metal matrix composites were fabricated by powder metallurgy process using Fe-
alloy powders with 3 wt.% Cr and 10 wt.% Cr, respectively, as matrix material. Subsequently, the composite samples
were heat treated by the annealing and quenching-tempering(Q-T), respectively, to understand the effect of heat
treatment on the mechanical properties of the composites. The correlation between microstructure and structural
strength depending on the chromium content and the heat treatment conditions was studied through tensile,
compressive, and transverse rupture test and microstructural analysis. In the case of TiC/steel composite containing
10 wt.% Cr, the tensile strength and transverse rupture strength at room temperature were significantly lowered by the
influence of coarse chromium carbide formed at the TiC/steel interface. On the other hand, both TiC/steel composites
containing 3 wt.% Cr and 10 wt.% Cr showed much higher compressive strength of about 4 GP after quenching-
tempering compared to the annealed specimens regardless of the presence of the chromium carbide.
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1. M E

2 71719 &3 9 1753k SOl wheh 3k of
A Hgo] 7Pt 2AkEe] Bk Z7HsHaL 9L, olel o
gt & 29 HAE F5T 5 e HEA = g o
7} spare] MagEln oH1-3). L % Alete) 214} 75} Fe
A SEES & (Metal Matrix Composite; MMC)= FeA| g}
= 71 Aol Alet] e & EAMAIA AAF A Kt 7
SHAE, 943t e 2w, A%, Wkzd, i 5
& 7= aAfolth. 71 5, TiCes &2 A% (92 HRC)Q}
A£(439 GPa), -84 (3160°C) EA 0 = 93] Ynjm 2
A2 AEE I Qlout 2 Wt of FaL q1/d o] L;io}/ﬂ
Ni, Fe 59| Mo F4E7} B e 22 AFEE]
A giek. 58] Rl YL 940 RERE T S
Az Az Al 43 AHS P57 tfiZoll FeAdl 555
A 7o) s E wo] AFRE T Qit} E3F], 10~17 wt.%
Cr& 851 TiC 748} Fe-dt27]4] Beml =g =
T4 dAel] Qe BHoR AzEo], Youhn Ex 1

2] g jAkst E“Oﬂ gt A7 2 o] FojA LAt
[4-6], & 34.2 ZA B2 AFLE 7] 93t 7| E B4 o

21 3 Léagﬂlwm o AT BE
3k 7ot @;XH ok 3A0R A2H TC 43 Fe
2 L 9IS, o] =8, 37, tho] % u}
g0 w gstEiol A8 T glow, £5 Cr chef
f5He uhZEIko| EA A Qe 2ol Mo, W 5 %
H7lste] ATS AT 2} W T2

AR ol Cr& FFsHA =™ Cr 7 W 8-
= Co} vk ’8]-04 Cr carbideE 2§ AJ3lt}. Lin[8]2 7+ U] Cr
o] 6wt ol F93H] El 714 FLelAEE M,C, M,C,,
M,;Cs FEJ] Cr carbide?} A E+= o2 B3
AT FA9| Cr carbide= WrFELA 4ol 3k vl
Zlekar HarEar Qiet9,10].

weha] 2 oA Cr carbide 3-Ftof w2 m])A| 22
2 1A 7 HIE g7slaxp dutraE © 2 Cr carbide
7h ATkl 4 A Sl 10 wt.% Cro| Fe-ghar 82} &
Bl oA & Al Cr carbide F A Z712 6 wt.% Cr ©]|3}2]
3 wt.% Cr Fe-3t= B2 AL8-5}0] Cr carbide A A2 A|o]
SHAth 3k, ojd e Axje] 9 WA-"wy A E 2
7} pegste] AAje] 2ol whE A2 o] Hale} 714
A 73w W3k AydE Atski

1
A3 A= HF Y% 3.2 um@] TiC (Changsha Langfeng
Metal Materials Co., Ltd.) 242 AR5} o, FARAAE

Fig. 1. SEM images of TiC powder

Table 1. Chemical compositions of steel matrices and volume
fraction of TiC/steel composites

Matrix (wt.%) Reinforcement
Composite
C Cr | Mo | Cu Fe TiC (vol.%)
TiC/steel
<
(10Cr) <0.5 | 10.0 | 3.0 0.7 | Bal 45
TiC/steel
(3Cr) - 3.0 3.0 1.0 | Bal 45
u)7g o2 BAg Ego] A4S Fig 1o et it 714
AL Cr gl thE  B50 Fedld RS A8
on], £ F20| TiC/steel B2 RS A|2ka} et Fe-
Sha S| 2448 Table 10] UERygic. Bt £512
3 71217 D 7hekA) YR EUL 5545 2 H] 2 5] N-3]
4§02 95 rpm, 48410 5 2o,

(ol
ol
Shid
mE{
rlo

W7E A 34 (Cold isostatic press)S |
&to] 70 MPaz® A 3191 om, o] ZF M ] 1400°C
oA 22Asto] HAE Azt AlxH EFA 2 A
512 9]3he] 1320°C, 100 MPa }&] 0 @ &7} &2=e) A
& (Hot isostatic pressing)2 A A3} T}

op
i

SESEHME L2

A9 d7F A=t AP o2 ARE F TiC/steel =

FA ] AR w vN= B 7AH 5495 ‘ﬂl
95 dA e B MA-He Y A E
bich ol el A ele] 4% 870°Col 4] 1AIZHE 9§17
;‘zibg atglon, A4-glH g A3 e 1050°Co|| A 1417k
A T 5 oAl 200°CoflA] 1AIRE 2] F 8ot

o;

2.3 OIMZE % 54 B}

Az BakAae] viEY wAL st BstEe
2 (20x5t 27]9] A|HL FH|3E T, 2400 grit SiC AnMAE
Ag-3)o] Z¢nlélal diamond pasteE o]-83}o] 1/4 um7}
2] it o 5 olea AlHetol AEAZ s3ch Aot
7} 1 A H2 3 wt.% Nital -840 2 o A s 7] F=ARAR;
|7 (JSM-6610LV, JEOL)< o|-8-5fo] wlA| 22| £4& X
335} 01, SEM-EDS 342 AL8-3}6] TiC/steel 2423
Aol HREAS AAaho.
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FA e o)At AL

3. Zdut 4 ;pEk
3.1 OM=3 & & 24
Fig. 2+= Cr §FFo] th2 F TiC/steel 52 22| of

g% a2 & 243 Asolrk. oF 10 ume] ZUg TiC
QJako Bl ojs) 7 A Mo utE vl Ha TIC 24
(=9 nm~3 um)7} LA F2E o] = o] TEE
dutx o2 FHEAYR A% A TIC YA 189
oA gHito = I gAY A E S Sl A
AL Ao Gl om7], & 7oA A%
Aol BEREE TC YA 2717} vt 2

of, Z} AJHoA TiC YAES AR =2 A%
2 ®Bolt) E3t, TiCo} Fe-gH7] X7t 9431 22
3 5 AP 25 ol Al 2 g 2
LR

Fig. 32 Cr ekl Gxjg] 240 thE TiC/steel &8
A R A HL A3 & FZAAA N A o7 s 2
Tholct. Fig. 3(a)= TiC/steel(10Cr) A2 2] ojds] X
2 & A RA e 2, 7]A T4 steel Yol H2Zto]E 7] 4]
A7k Alekol = 24 U 58 nm-1 pum 27]0] 4520]
LA F22E o] glen, nlARt
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Fig. 2. Microstructure of annealed TiC/steel composites. SEM
images of (a) TiC/steel(10Cr) composite, (c) TiC/steel(3Cr)
composite. High resolution BSE images of (b) TiC/steel
(10Cr) composite, (d) TiC/steel (3Cr) composite

Fig. 3. Microstructure of etched TiC/steel composites after heat
treatment. SEM images of TiC/steel(10Cr) composite
treated by (a) annealing, (b) Q-T and TiC/steel(3Cr) com-
posite treated by (d) annealing, (e) Q-T. (c) and (f) are
high resolution images of (b) and (e), respectively

2 Y Siek TiC A} Abolofli= bridging &42] &=
o] ThatE]w, 23t 4&E (Coarse precipitation)2 UEY
QJct. Fig. 3(b), 3(ch= TiC/steel(10Cr) B3l =2 A -&w
o) 9] F 0ARH O R, uhZ el E B Auke] sje}
o=} 7 A 2 A 02 PAE 2ot HEEE 2] Y
g wiske gloth 714 U 2Ushl ANE vl 45
o 3tol3] Akt

Fig. 3(d)= TiC/steel(3Cr) EtA|=72] ojd=d AA2] & 0]
Alz2| 0 2, #gto] Eo} AlHlEro] E (Fe,C) 7} 54 O & i
dEo] = Hefo] EZF BT Fig. 3(e), 3(f)= TiC/
steel3Cr) B3 A 2o WMA-A o & A2 & vjA| =20
2,710 B4 nh el E 2 hH 02 gl
=, TiC/steel(10Cr) &3 7o} T nAst H&A2 o
ZEA sk

Fig. 4= Cr &3} A2 27A0] o} TiClsteel &=
S A ] SEM-EDS 9% A 2242 28 Aol

t}. Fig. 4(a)= o]'d® IA2]F TiC/steel(10Cr) BA| = A]
HO R, o] AlgofA] HEEE 2F AE=2 Cri Co

2 FAH Cr carbide?] A2 FdHT). Fig. 4(b)= WA-
g g & TiC/steel(10Cr) 3|7 A]H O &, TiC/steel
(10Cr) Bk o de 2xfe) At Ak Zofat
AZE-L Cr carbidez Q1= T},

Fig. 4(c), 4(d)}= 212} TiC/steel(3Cr) EgA|=22] ojdd &
Aol @ AA-glEy GA 2 9] ZJEEA Ao, TiC/
steel(3Cr) B R o= T A8 XHA EF Cr
carbide® WTHE|= ASARS WREX] 9Fokal, Cro] 7]%]
ARl oA HEE] Q= AL THlak & ek,

o d® I F 7 A FE9 nA 22 2o
2t} Cr carbide’} 3 AJE TiC/steel(10Cr)o A= 3 ]E}O]#
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Fig. 4. SEM-EDS mapping images of etched TiC/steel compos-
ites before/after heat treatments. Compositional map-
ping images of TiC/steel(10Cr) composite treated by (a)
annealing, (b) Q-T and TiC/steel(3Cr) composite treated
by (c) annealing, (d) Q-T

7F @3% Axt &, Cro] 71X g&ol a5 o 3l TC/
steel(3Cr)oj| A= Hefo]EV| FAIE @It} TiC/steel(10Cr) £
Aol A= =2 Cr ol 9sf 71A] a4 W C2 Cr
carbideE FJsh=t] 2215 o] 71X]9] C o] 7ha=9f 3t
7 2t E xZAo] FAE= Ao g Helt) TiC/steel(3Cr)
HEA RO A foll= W& Cr ggof o8l Cr carbides 3
oAl AL, 714 54 W & CFFo = Qlsto] o9
A 7] & #|2to] E9F Fe,Cifo] o= Wk Hejol
E z70] g4,

HREAG B, Feald o] & §e] Cr gk Al MC,
M;C, M;C;, M,,C & THSRE B9 carbider} AY/d &=t
[8-11], E3] Cr 3rgfo] =& TiC/steel E-3HA) 7o A= TiC
YA Atolof| bridging /9] 2t M,C, Aol A7 A
© & Rolt}12]. ThermoCalc AZE ¢o] AAL Aut= &
B, M,C;2 1200°C o]4Fe] 2o A% Hgh Ao = £
SR, My,C, A152] 49 oF 700°C ol 4o]A] Fetlol 2
|E= 2= SRIETH13,14]. whekA], 870°Cof| A9 ofd
2 o %29} 1050°C 71%4-213 e ol 2] 90| TiC/steel
(10Cr) Eg A mo| A 2= #zhd =gt Cr &2 &
o W =] Wslh P e AR ol MC, F
9] carbide?] A o= FEHE M, ojd 7] A AlHA 7]
A F LA 22 vA AEES ojdd 948 & =

A ol A4 700°C o] 3ol A T A5 A% i M,,C,Q)
Aoz werEh WA-AHY A AlHolA waw )

oA 4] MyCeQl Ao 2 Behe o, 425 0] o
o] A 7raE olf W Wl ol 717 o] Crat
C7} carbideS WAISIA £513 18] TR EIAfo|E =
g HA3haL, 200°C WY SOl carbide AL oA
59l Flolet gheret.

3.2 7|1A1H 8§

Cr 3 @ A 2ol W& TiC/steel HFA =2 7]
AR g Bk el A A% 2 dEART 9
o WS ABson], 23U AwS 245t 2 A
79 EAH7 A& Table 29} Fig. 50 e AT

239 A= Fe, ofdd dAY & TiClsteel 55
Sl 2= oF 51 HRC, 3 -Hu s A2 & TiC/steel &<
Beby L of 71 HRCE Uehilch. 913-a5)g a2
A&7t AA F7ReE ol Fe-da 7AW 9 nhEEIALo]
E ZZof o3t gFor wekEh
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Table 2. Mechanical properties of TiC/steel composites

Mechanical properties
Materials Hardness UTS UCsS TRS
[HRC] [MPa] [MPa] [MPa]
Annealed TiC/
51.76 504.96 1918.23 1130.67
steel(10Cr)
Q-T TiC/
71.70 420.24 3784.57 1333.67
steel(10Cr)
Annealed
51.60 814.75 1786.27 1398.00
TiC/steel(3Cr)
QT 70.38 685.75 3874.17 1467.67
TiC/steel(3Cr) ’ ' ’ ’
1800 6
B Tensilestrength
- Tramsverse rupture strength -
n::: 1500 + Compressive strength & 1s n:'-:
& 12001 ° A A 1'%
N 1 3
] =
= 900 - 13 =
S 600 . 2 4
= B - 9
ks L . S
E 300+ 418
0 : f : ; 0
Annealed Q-T Annealed Q-T

TiC/Fe(10Cr) TiC/Fe(10Cr) TiCF3Cr)  TiC/Fe(3Cr)
Materials
Fig. 5. Tensile strength, compressive strength and transverse

rupture strength of TiC/steel composites depending on
chromium content and heat treatment condition
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