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2 & DAdMeRNE XNPF &2Ae] FE TIC 9 TiB, #¢=24S g2 Fste ¢oa
TiC-TiB; &g A Y 424Uz} vATEE ATsUH. 2a4= A2 JAFH/ES 1 wit%
Fe 2@ 3 wt% Nic® FHd} 2244d=+ oF 95 %olgct. TiC-TiB, E3HA| 2] v A7 4] TiC
& matrix24] TiB,)JAH3AE A A8} %3, wave F-& AdA] AARY £ 49 Ni-
rich phases7} £2724% Ao & EAsid7} B4 133 Ae2 TEMEAZs &9 5 gl
glth. =3}, o]E Ni-rich phases: matrix graingteA] dislocation® A &1 8 28357 9)
<ol gl=4dr).

Abstract Relative density and microstructure of the pressureless sintered TiC-TiB, com-
posite has been studied. The maximum sintered density was 95 % and the critical amounts
of sintering aids were 1 wt% Fe and 3 wt% Ni. It was found that TiC matrix phase in-
hibited effectively grain growth of the dispersed TiB, phase. The TEM investigation re-
veals that the Ni-rich precipitates were solidified from the liquid phase, confirmed by the
presence of the waved and/or step phase boundaries. The precipitates also acts as the ori-

gin of the dislocation formation in the matrix phases.
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(2F 3000C), € % 7] A=Ae] =% +
Far, 7|AA A= g 22 BEAHoE
A &4l wl Fr2d Azl
ti[1-6]. e, o] AR UL =A
S4AANAdL 1960 o]F @ AFel=
Bsla dA3tE A E8qdh §, ddAde
2AE 2257} vl o}, AU 2FA
5 7] ¢sA 2000Col ] 2o #
7Y B A F stedol gedl, o)
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o2 2AF ¥4 WESHE {oistd
cracks® =3le F4AHL HAxn U
[7). @ebA, 22 dFAEd 34 O &
AZRAZA AFEFE AE3AY, @ F
u] A (submicron -sized) 22-& Z7|YEE A}
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ping53 & mrgulel4-& Atstzm N
t}[8,9]. g, TICAHEE 800ColAe &
oA 65709 /A4l slip system$ Zt7] o
Fo F=d g =& HFAHES 22 U2
[3], TiB,x= vlEs} meo Ui & AF
A& MABZ[711], D2 Hef
Ae sl wxE 9 3dNE e
TiC-TiB, EgAEE Azsee Aol o
A79 EAo|c}.

E JdFAME 2AEA] IR 92 F
AEe BAE AAAL gz
Azstnz} g}, o714 TiCel TiB7t %%
Ag AL 9 EXNFRNY s O
TiCe} TiB,= 38 2o 3 z3& & o]Fd,
@ TiB.9 ¥& o435 4(1000C7HA)
42 % o]A)e] dutdez: HFAAYE
7} E(coarse) A Al2tue) 5428 A s
e g9e2 AgstA, TiCe HgAE
o] w crack deflectionz} & ¢
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(TiC: NaCl#Z=, TiB,. hexagonal AIB,7
z) 724 ¢4 7FsAe]l W¥ ke ol
tH12]. oM, EgA L] elATFERHAA
A4 3 AAQQARE(phase and grain
boundary fraction)& Z7}A7o2 dAZF
A9 335 I & F vz B3, TiC
+TiB; 335 c}ekg) batchZA o2 3
% A2 A (pressureless sintering)-& &}ed
a2 e ATy WHstE 3E 2 dAEe| e
2 FAssd

2. A4 iy
2.1. TiC-TiB; &£3& 2 batch 4]

Fig. 1e] ve}d TiC-TiB, 243¥A 43
P E B, TiCr} oF 60 wt%, TiBy}F &
40 wt% ) ZA A eutectic(THRIZAE
BoiF o eutectic 5= w)zF 2600C o]t}
[12]. ¥ <79 TiC-TiB,£&E9 =AL
eutecticEA} o4 FZd] x)g 2AHE
Adstgded], TiICE 60.25 wt% T4 =
4& Eutectic®A (¢)8} EUZ 7)), 50.27
wt% 2 5% ZAL Hypoeutectic( 0]}
HOZ %7)), 28lx 7066 wt% 53 =

Tm(TiC) Tm(TiB,)

Tm(eutectic)

.
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Fig. 1. Phase diagram of TiC-TiB, binary

system.
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Table 1

Chemical composition of TiC-TiB, mixtures[ wt% ]

Composition  Starting 1 2 3 4
powder

HO TiC 50.27 49.26 47.68 46.73
TiB, 47.72 46.76 45.26 42.39
Fe 0.51 0.99 2.07 4.00
Ni 1.50 2.99 5.00 6.88

EU TiC 60.25 58.99 57.14 54.71
TiB; 37.72 36.95 35.79 34.27
Fe 0.52 1.03 2.03 4.00
Ni 1.51 3.03 5.04 7.02

HR TiC 70.66 69.20 67.03 64.24
TiB; 27.34 26.78 25.94 24.86
Fe 0.50 0.99 2.01 3.90
Ni 1.50 3.03 5.03 7.00

A& Hypereutectic(¢]3} HRZ Z7])ol=}
Haslgdot. A2AH4ZFARA Fel 0.5~4 wt
%HHAZ Nit 15~7 wtn2 H3spd
718k, dielx], HO-4%= TiCrl 46.73
wt%, TiB.7} 42.39 wt%, Fesl 4 wi% =
25 Niz} 6.88 wt%7t ztzh 3H7h" £ o]
t}. Table 1& 7} A]H 9 batch®4-S& e}
Wt

2.2. 7} Batch 249 44

£% 995 %, = 3.6 yme TiBE%3
TE 995 %, 4= 7 um9 TiCEZ % &
AZFAA(Ni == Fe)& 7z batchzAJo| o}
2} B3] 233 F, toluened FHAR 8}
polyethylene jarelA A4&¢sict. o0
29 #7498 o3 224% ¢ TiB.
barg Abgstgem UFI7IARIIZ 40
MPa2] gt o2 AF 9 mm, Z°] 13 mm
2 A8stqct. old 4¥A 2 green densi-

tye B b Rebd HAsA Gsrek
dejx) A3 A= graphite vacuum furnace
14 1600°C 2 1800°CelA Ztzt 2417k 2
2]z 2000CAAE 2X)7F 2 20X|7F Hob
ojzz B972 24sdd. eEERe
color compensation optical pyrometer® &
s, old FHeAe o +15TeH
o}.
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d, = d,ddad, / (x1ddsds + xodidsds
X3d1d2d4 +X4d1d2d3)

4714, x
di ¢ d(me) = 4.93 gem™
d; : d(mm) = 4.52 gem™*
ds . d(p) = 7.86 gcm™®
d, : d(w) = 8.90 gem™®

ANR olg YEE 3 Rt

4% TICTB, ¥ st o472

7o 3273 (Rule of Mixture)& A}

-+

(A5 components &) FA 8]

Mixture 1 2 3 4

HO 47656 4.808 4.876 4.996
EU 4807 4.852 4.918 5.006
HR 4.851 4.895 4.961 5.047

AE2A 2 ARl da) A A4 B
F BERE HAAT, A4E 24U=:

Table 2
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Table 29 Yeljlch. 242 AE H7ishA
oke BE 2A(HO, EU, HR) A& 232
=7} Z+7 1600°C, 1800°C, 2000CE 27}
ol mje} 2AYEs} Z27)egda, 2000 C
oA 2AAZHE 20Xk 2 FIMStE A&
Aasde ¥dE F7Me 2ol #i
=g, BE 2Ao)A 22FAA Fedl o
oF 1 wt%ola Nio] cke} ¢F 3 wt%a =
M[HO-2, EU-2, HR-2]o|A 2ZA4=7} F
A3 FAENeY, Lol 2 AHIIEUE
ASE 2388 FasE 4 240

3.2. 2AA 9 WAFZ

2723 A8 dx &4 Fy, MR =L
2AYL & Z+& HO-3, EU-3, 28l3 HR-
29 PlAFZE F3aEnZ(OM)F FAHA
28 e) A (SEM) o2 EAstgc). 244 A
#He A SiC paper?} 30 um, 3 yum L
g3 1 ym tlo]o}2E pasted A&

Relative densities of the sintered specimens[% of theoretical]

Composition Sintering conditions
1600°C-2 hrs 1800°C-2 hrs 2000°C-2 hrs 2000°C 20 hrs
HO HO1 82.79(0.40) 86.98(0.32) 89.02(0.29) 90.53(0.31)
HO2 93.17(0.15)
HO3 94.18(0.08)
HO4 - - - 92.49(0.24)
EU EU1 81.50(0.46) 86.01(0.62) 88.11(0.54) 89.32(0.04)
EU2 94.46(0.46)
EU3 94.48(0.11)
EU4 - - - 93.12(0.23)
HR HR1 82.50(0.16) 87.02(0.18) 88.66(1.29) 88.86(0.08)
HR2 94.81(0.07)
HR3 94.44(0.10)
HR4 93.65(0.26)
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daduls 4ok ARbE & F, o 0%
5 10 : 1 9 HCI-HNO; 922 etch-
ing[12]& % ¥ TRFZE siddd. 74
Az e} Z(TEM) Al HEv= AF 3 mm,
A o 0.2 mmZ cuttings & %, dia-
mond pasteE A}23te] 100 ym7}A pol
ishing- & 3t 2, ¢ 20 um7A dimpling

(a) HO 3

(¢) HR 2

Fig. 2. Optical micrographs of three differ-
ent compositions showing the maximum

density.

[Gatan, Model 656]& 3% 4 kV-0.1 mA
A4 129 AE2 ABe] o] B w7
Z], argon ion beam thinning[Gatan, Model
600DIF ]S s} ic}.

Fig. 2+ 3&dn|A Az 2 TiB, 477}
TiC matrixe]4] Zdstz 2
Itz ¢ BAFR glon, HOZA

gais 20KV K2.%00 Lopm WD3E.
(h) KU 3

42,505 Larw HO3E
() R 2
Fig. 3. Backscattered SEM of the same
samples in Fig. 2, showing the clear com-

positional contrast.
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4 HRzZ2AM o2 7Z4E TiC matrixd ¢fo]
e e & & Aok AR ¥
7§e] Aol thg contrast® HFE o] &3}
Tty sgodt, WFaAHRE Qe ®
Hell F5o]l& coatings} 22 ZET A4
8 aste® AP

Fig. 32 backscattered electronsg o}&
g SEM #lxlo 2 7&HE(dark area)d
TiB-& Yepdz, 3)AF-E(grey area)
TiC matrix® heblch. SEMel] -2 5 o)
Ae EDSEA AR vize gavdart 3
£5%EH, oJ& TICEZ9 dgd s
o & BHEEEO AT HeD A2l
oh AbRelA @ 4 sisel TiBel A4
717} <F 10 um=Z %7 TiB,3349 d=(7
pm)gt £ W7t gl AeE Rop TiC
matrix<tell A TiB. 8 472 43l AAHNA
+& B9F3 gtk

TiC-TiB, &3¢A8 9 w42 2 wg
9 AR Basks) ek TEMENS
gc}. Fig. 4= TiB; grain3} TiC matrix €]
A4, 22)32 TiC matrixgt$] triple junc-
tione]] £32)}8}= Ni-rich phased 2&EL
oJF=d], o}t Ni-rich phase:= 42 74%
phase boundariesel] /] A2t o 2 FExsle] &
A% 2047 9, WA adz 289 7
o2 A7sojAc}. o] AL Fig. 5014
BAF 3 gl LM E £33 B 5
e P AY E A stepse] A wave
gl 3= 2] boundaries® 72ty 9)-&o® &d
HrH14]). Fig. 69 AlA ) A+= TiC matrix
el FASL gl HYTFEE RAF 4l
=dl, o] g FHAE o}F oA 3 (nano
meter size) Ni-rich phases} ZAE3sx =
S UA¥ F Uddh °]Z& Ni-rich
phase®} W matrix2] lattice mismatchz}
dislocationS A A]7]&= origine] Hi )&

V 422 w—
HﬁG %8‘%%88 58K 188ne

b

Fig. 4. TEM of Ni-rich phases (a) in the
phase boundary between a discontinuous
TiB; and countinuous TiC matrix, (b) on

the triple junction of the TiC matrix.
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Fig. 5. TEM of the waved and/or stepped
grain boundary present in the microstruc-

ture.

Fig. 6. TEM of the nanometer-sized Ni-

rich phase in the matrix grains.
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1 wt% Feo} 3 wt% Nig H’le TiC-
TiB, Z&E¢AY 228 FAAHez FA
ARAL 2 JAZ ol ME 238 &7
Pe g 2APle e Byed, Ada
A2 4% F e HdAdEEs o 95
%olsict. AgtaAs TiC-TiB, B3 Ae )
AFze 4 TiC matrixgtoll A TiB,3]AH<]
Aol AgHez AAFHIZL, TiB= TiC
matrixetell 4]  Fddtn EFASHI A
(phase)e 2 RX3d 3 glgic}. TiC grain9]
triple junction® TiCe# TiB,¢] phase
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t}. o]} AMAL 2AF dHo R FA3)
@ Ni-rich phaser} ¥z}x] |2 z3td
Ao 2 Agsu, st Bao] 7}
>3 waved}ti step@t 3Are] boundaries”}
o] A%& WA Fvh. =F, Ni-rich
phases’} nanometer size2 matrix graingt
o Xx5o] ¢jed], ©]7A& Ni-rich phase
7} dislocation® A 2] origin 9% stz 9l
+& RoAF3 Q.
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