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Effect of CNTs addition on microstructure and
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Abstract: Ti(C, N)-based cermets with CNTs addition were produced by vacuum sintering. The effects of carbon
nanotubes (CNTs) addition on the microstructure and mechanical properties of Ti(C, N)-based cermets were studied by
X-ray diffractometry (XRD), transmission electron microscopy (TEM) and scanning electron microscopy (SEM). The
results show that, compared with the base microstructure of cermets without CNTs addition, the grains of the cermets
with CNTs addition are refined gradually and distributed homogeneously, and the amount of “white core-gray rim”
increases. When the CNTs addition (mass fraction) is 0.5%, the hardness of the cermets is up to 90.9HRA, the transverse
rupture strength (TRS) of the cermets is 2 180.7 MPa, which is about 14.1% higher than that of the cermets without
CNTs addition, and the reinforcement mechanism of the cermets is caused by fine-grain strengthening. The fracture
toughness (Kic) of the cermets with 0.5% CNTs addition is 14.7 MPa-m"?, which is about 18.5% higher than that of the
cermets without CNTs addition. The toughening mechanism of the cermets with CNTs addition is caused by crack
bridging, pull-out mechanism and crack deflection.
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Table 1 Main characteristics of original powders
w/%
Powder Combined Free
carbon

TiC 19.06 0.50 0.40 0.53 2.70

Powder

(0] size/pm
carbon

NanoTiC - - - <1.0 0.04
TiN - - - 1.10 3.00
NanoTiN - - - <1.0 0.024
Ni - 0.25 - 0.15 2.00
Mo - 0.0024  0.003 0.075 3.42
wC 6.10 0.040 - 0.042 2.46

Cr;C, 13.11 0.36 0.060 0.38 3.20

TN B BER AR P AN Sy B2 0w, B s R
REAPTERAR. D4 T B NBR AR 5 < e B e kA 1) 11
FHME G 7, i BRI AORE SE R e ALl . R
—E AR TN USSP h BEA TS5 1A
AREE, SR 2 Pros (A5 8 7 AR B T 2 IR
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Table 2 Plasma treatment process of CNTs

Working voltage/V.~ Power/W  Time/min Pressure/Pa

550 55 40 45-55

TR Y CNTs RiARVE Rl 40~60 nm, K&
5~15 pum, EEEEFN 40~300 m*/g. CNTs F1E/N
AE K. RIEYER, IRAS RAEE. JRuh CNTs

12 &EREMTIE

F IR 3 Pral JsORH e AT IORE . R QM—1SP
AT AR REL, BB LY 7:1, BREEVL
T4 260 r/min, JEEHEE 24 h, SRIGFEIIA CHES
43 B8 30 min Ji5 (155 25 AR AL S 1K) CNTs, BRES 1 h,
2GR AEIR Bl 75 CHILLAN T A T T, 7
DY30 &5 HEH AR R AL E S HIEOE , Fifil s 77 300
MPa, TRIEEA] 30 s; ekl R T ILAs ke sy, ke
SEMLE R 1430 °C, LRURETEA 60 min.

1.3 HE eI Fl R RLA LA ER

F CMT-5105 2 3 1 )7 B i B AT L IR AT = A5
Bhss, WE PR, WAERSN 5.0 mmx6.5
mmx32 mm, SRR 14.5 mm. FI9& I -S4
RS o FHHIRVEINRA R R, 4 Gl
FEASCIRR AT ) S At 5, BT 48iar A 30 kg, PRSI
24 15 s. Wikt A r

mfuwwuim“ (1)
i=1

o N EIRBLCKE, mm; H bR i 4 FCR
O AT 30 kg)o DAL 724k REMIR A 41 FEEL 5
A, MR RHOF M

HRFE [ bRk ISO/BIS4505 ] XIT-300 27 it i
BE A LB % . 78 [E Bruker 2 A ¥ D8
ADVANCE B! X S AT SO #-T X S 8T it
3HT. H G2200 7433 5 Ha B (TEM) W48 45 25 7 Rk Ab B
Wi JG CNTs H/E%. ] FEI A ff) QUANTA2000 %Y
FH H B AR TS B T (BSE)BE R SO RE 1 1
LR, A R TRL T WEERARE W CUESH, IR
SEM ~H] EDAX 72 w47 1) GENESIS2000 2! fit i (%
XPIRFESEA TR 853 43 BT
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Table 3 Compositions of Ti(C, N)-based cermets
w/%
Sample No.
TiC NanoTiC TiN NanoTiN  Ni Co Mo wC Cr;C, C CNTs
A 33.25 1.75 10.07 0.53 18.4 4.6 16 13.7 0.6 1.1 0
B 33.05 1.75 10.07 0.53 18.4 4.6 16 13.7 0.6 1.1 0.2
C 32.75 1.75 10.07 0.53 18.4 4.6 16 13.7 0.6 1.1 0.5
D 32.45 1.75 10.07 0.53 18.4 4.6 16 13.7 0.6 1.1 0.8
TR T (I ) AT EEE 1(b) 4 18 A Ak 3
4B 514 CNTs F1E 1(a)H 5 4f CNTs 1[5 H, 258 TR b
CNTs JHZELE 4%, CNTs (M HUrE B4t m, RE R
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L(a)n] W, Jidf CNTs srditE 2, 4i%8ri4], CNTs

R T A L2 5 HLJ UG CNTs HAF R 2 e E TP

SR TARAL BT R Bk AR ) TEM T3

Fig.1 TEM morphologies of CNTs before and after plasma
treatment: (a) Original CNTs; (b) CNTs treated by plasma
treatment
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Fig.2 SEM images of Ti(C, N)-based cermets with different CNTs additions: (a) No CNTs; (b) 0.2% CNTs; (c) 0.5% CNTs; (d) 0.8% CNTs

F 4 CNTs It Ni AH O 2 TR G R
Table 4 Relationship between CNTs addition and lattice

constants of Ni

CNTs addition/% Lattice constants of Ni/nm
0 0.358 8
0.2 0.3582
0.5 03569
0.8 03561

R5  CNTs IS IERPR G & G s S BT
Table 5 Effects of CNTs addition on contents of alloy

elements in bonding phase

w/%
CNTs addition/ %
Ti w Mo
0 14.06 13.79 12.51
0.2 9.07 9.18 11.05
0.5 7.54 8.55 7.33
0.8 7.06 6.90 7.08

2.3 CNTs BIRINE XN A F RIS

ARSI CNTs SRMEE ) Ti(C, N)HE4: i b e 1 e
W 3 fivre B3 T DUE H: 4 b e 1 Al 52 bl
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0.5% I, Ti(C, N)I& 4 M % (1 Al 0k ) 5 KA
(91.9HRA); 4 CNTs ¥SINFEy 0.8%I0F, < B &e (1)
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AP, RFEIFLBR R K, X2 Thess
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() FLIBR 3K S50 B R Bl 3 A, RN e 4 K A S
HAA 5 SR s i ™, 293 T LB %
B8 K SO ) PR . ZEBR K S I A T
0.5%I, B TIAFEFLBRA G IR/, B LA A
WRAFT R Qi 0.8%0, s ek
BRI U T4, FLBRR I KR E AR, [H)
IERAIKE H S M — @ R BIER, IXFERGIK
NG| PR B T v gt A 2 ASRAMIE FE 1 R B, TR
MR RS 25 BT A1
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Fig.3 Effect of CNTs addition on hardness of cermets
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Table 6 Porosity of cermets

CNTs addition/% Porosity
0 A04B04C00
0.2 A06B04C00
0.5 A06B06C00
0.8 A08B08CO00

CNTs #IIEXT Ti(C, N)HE4:)m b E P o
st 4 fros. 4 770, 24 CNTs Nk
0.5%MF, Ti(C, N)JE4: & M % 1P as o 2 IA 2 i KAE
(2 180.7 MPa), EbARIN CNTs IRFEMI B SR E 3w T
14.1%; 1 CNTs WS INE-N 0.8%M, 4@ e g sy
5 W] PR . I — 2 R CNTs n] i1 42 g b B bt
LR, LR 2 B SURIFLER R AR,
Bk HFTHEI M %, CNTs FIIA i 341k
S BB SR, 3 Hall-Petch S¢ R nl %0, 70
CNTs (14 e B 25 (1 - 350 R B ks, AT A 280 4
SRACAER, (PR fEdtm. (5 CNTs A InEiA s
0.8%IN, LS wRfEHI WK, X2 bl AE g FLBR 2
AR Sl 8 R B

CNTs 8 JNEX Ti(C,N)IE 4 Wi s (1) W24 50 1 1)
e S frs. S arL, 4 e R TR
B CNTs VS 0 3G s 3 & 5 FRAIK. 4 CNTs s
M 0.5%HF, Ti(C, N)X:4)E M & Wi mvh il 2 5
KAH(14.7 MPa-m'?), ELARIN CNTs 3FE W 24 42
1 18.5%;: 4 CNTs VNI A 0.8%I, <5 M Ze )
WrZLEIPE SR T B & 6 BT b & JE I RS e %
o i 6(a)n WL, AN CNTs kL IRLY R %

22

2.1F

Transverse rupture strength/GPa
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Fig.4 Effect of CNTs addition on transverse rupture strength

of cermets
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Fig.5 Effect of CNTs addition on fracture toughness of

cermets
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R, CNTs MIBFERAER]. $5H RN AN RS /E H 2
% P FE s A R A
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Fig.6 Crack propagation path of cermets: (a) No CNTs; (b)
0.5% CNTs

B7 7N 0.5%CNTs ))& M #E1 SEM &
Fig.7 SEM image of cermets with 0.5% CNTs addition

24 Ti(C, N)E&EMERE ORISR

K CNTs FR I 0.5%CNTs 4 B 7 1 W 11
Pkl 8 fran. M 8 u L, X PHANAAFE I T 1 T30
FBy TR URL + R R e .
Gy e B TR FURG 25 AH ST, 280 Ak 1R Y

TIRK,  ATAFRE LA — M0 A A e MR 77 A B MR T
N TVERTR, ek kB RAREE, fkhsh
BT SIS AAR GG, BT MRE 5 AR R I, i
T I TSR IR BT TR IR 45 A A
AP0 . SFER B CNTs A B 0.5%CNTs ik ke
FIWT IS, TG HIAR N 0.5%CNTs SRFE 1) W 1145552
RIB M, BIss AT A2 BT TE SR 2RIk
SRR, IXUEI TN 0.5%CNTs AL 1124 P fe
Ly S8

El 8 <Jm bR T LIS
Fig.8 Fracture morphologies of cermets: (a) No CNTs; (b)
0.5% CNTs
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LR 3= 20 4 S oAk 4 B e i W 24t AH
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