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Fig. 2 XRD patterns and SEM images of Ti(C,N) cermets sintered at different pressure: (a) XRD patterns; (b) 10 MPa;

(c) 20 MPa; (d) 30 MPa
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Fig.3 XRD patterns (a) and SEM images of Ti(C,N) cermets sintered at 1500 ‘C(b), 1600 ‘C(c) and 1700 ‘C(d)
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Fig. 4 Fracture morphologies of T3 cermet sintered at different temperatures: (a) 1500 C; (b) 1600 ‘C; (c) 1700 C
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Fig. 7 SEM image(a) and element EDS map scanning distribution of T1 cermet: (a) SEM image; (b) Ti; (c) W
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toughness contrast of cermets T3, T, and T, (b)
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R E S ZEY HTERER, W RROR,
B 74l AR SR AR . T3 AT, B B 135 S 3
AW A, RN AFAE T SRR I o B 2R D
IR, ANERZ, BT T3 Mg R, 7
win TR TR B ) 83 SE g/ HSE 22, T T, M s e 11
T E D H T2 TR A S AR 2 (e R
FERG PTARAE — e R B T T3 B R )
Ao Bl Xt — SR 7S i a e R A
8 W g g s v R A T IR IE L 2 < R M RS 1
JE A

3 Zig

1) BCC 45 ¥4 [f) TINbTaZrAl 1 8 & 4 FH A 26 45
FBELE TI(C,N) & B M 4, ZWHH /0 A A il

S3HT, 1600 ‘CAHI130 MPa Al il 4 T 255 A4%

2) TiNbTaZrAl = i & & M &8 7.5% B,
& Ja B S R I 5 W Ay AT B R I A, TR R
FHERRLANAL, R B APV R HODTTE T Ak
(Ti,W,Mo,Ta)(C,N). milieraEdkelgm, Hil
[ A A S R A ) e B

3) LA 7.5% F) e Jol 5 < E 2 485 70 1) <6 B o 2 1)
IR S, LA PR R AW 2 1 3 53
5liA F] 1960.4 MPa F110.01 MPa-m'?, %} Eb [ 43
EEEERRES, Rl T 11.68% F19.28%. LAY
Y R A (s R P[RR T o U E (S SN )
7 FH T e AT 1 ) 4 e e T E A

REFERENCES

[1] ZHANG H A, TANG S W, YAN J H, HU X P. Cutting

performance of titanium carbonitride cermet tools[J].



1370

T A e E SR

2022 45 H

(2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

International Journal of Refractory Metals and Hard
Materials, 2007, 25(5/6): 440—-444.

PENG Y, MIAO H Z, PENG Z J. Development of TiCN-
based cermets: mechanical properties and wear mechanism[J].
International Journal of Refractory Metals and Hard
Materials, 2013, 39: 78—89.

CHICARDI E, CORDOBA J M, GOTOR F J. High
temperature oxidation resistance of (Ti, Ta) (C, N) -based
cermets[J]. Corrosion Science, 2016, 102: 125-136.
VASANTHAKUMAR K, GHOSH S, KOUNDINYA
NTBN, et al. Synthesis and mechanical properties of TiC,
and Ti(C,N) reinforced Titanium matrix in situ composites
by reactive spark plasma sintering[J]. Materials Science and
Engineering A, 2019, 759: 30-39.

SCOBE . TI(C,N, ) 4 8 B e 70 LM A B R 111, o
EREHIERE, 2019, 38(8): 813-818.

WEN Xiao. Development and application of Ti(C N,_)
based cermet[J]. Materials China, 2019, 38(8): 813-818.
DIOS M, KRALEVA I, GONZALEZ Z, et al. Mechanical
characterization of Ti(C,N)-based cermets fabricated through
different colloidal processing routes[J]. Journal of Alloys and
Compounds, 2018, 732: 806-817.

LIPP, YEJ W, LIUYY, et al. Study on the formation of core-
rim structure in Ti(CN) -based cermets[J]. International
Journal of Refractory Metals and Hard Materials, 2012, 35:
27-31.

PARK C, NAM S, KANG S. Carbide/binder interfaces in
Ti(CN) - (Ti, W)C/(Ti, W) (CN) -based cermets[J]. Journal of
Alloys and Compounds, 2016, 657: 671-677.

DENG Y, JIANG X Q, ZHANG Y H, et al. The effect of Co
particle structures on the mechanical properties and
microstructure of TiCN-based cermets[J]. Materials Science
and Engineering A, 2016, 675: 164-170.

YU H J, LIU Y, JIN'Y Z, et al. Effect of secondary carbides
addition on the microstructure and mechanical properties of
(Ti,W,Mo,V)(C,N)-based cermets[J]. International Journal of
Refractory Metals and Hard Materials, 2011, 29(5): 586-590.
WAN W C, XIONG J, LIANG M X. Effects of secondary
carbides on the microstructure, mechanical properties
and erosive wear of Ti(C, N) -based cermets[J]. Ceramics
International, 2017, 43(1): 944-952.

A, b 2, ) Bk B T ARBRALAIN Ti(C, N)JE 4 Ja e %2
HEFERE M RZ ], 85T & 4, 2019, 36(6): 472-476.

LI Shuai, SUN Lan, LIU Yi, et al. Effect of second-phase

carbides on microstructure and properties of Ti(C,N)-based

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

cermets[J]. Cemented Carbide, 2019, 36(6): 472-476.
CHICARDI E, CORDOBA J M, SAYAGUES M J, et al.
Absence of the core-rim microstructure in TixTalfnyley—
based cermets developed from a pre-sintered carbonitride
master alloy[J]. International Journal of Refractory Metals
and Hard Materials, 2012, 33: 38—43.

DE LA OBRA A G, GOTOR F J, CHICARDI E. Effect
of the impact energy on the chemical homogeneity of a
(Ti, Ta,Nb) (C,N) solid solution obtained via a mechanically
induced self-sustaining reaction[J]. Journal of Alloys and
Compounds, 2017, 708: 1008-1017.

LIUY,JINY Z, YU H J, et al. Ultrafine (Ti,M)(C,N)-based
cermets with optimal mechanical properties[J]. International
Journal of Refractory Metals and Hard Materials, 2011,
29(1): 104-107.

YANG Y F, WANG H Y, ZHAO R Y, et al. Effect of Ni
content on the reaction behaviors of self-propagating high-
temperature Ni-Ti-B,C

synthesis in the system[J].

International Journal of Refractory Metals and Hard
Materials, 2008, 26(2): 77-83.

XU Q Z, Al X, ZHAO J, et al. Effects of metal binder on the
microstructure and mechanical properties of Ti(C,N)-based
cermets[J]. Journal of Alloys and Compounds, 2015 , 644:
663-672.

BOUDEBANE S, LEMBOUB S, GRAINI S, et al. Effect of
binder content on relative density, microstructure and
properties of complex cemented carbides obtained by
thermal explosion-pressing[J]. Journal and
Compounds, 2009, 487(1/2): 235-242.

XM, B, E OB, & o E SRR 5 0 5
W, 5, 2014, 16(3): 113-119.

LIU Bin, WANG Yin-hong, WANG Chen, et al. Situation

of Alloys

and suggestions of China's cobalt resources industry[J].
Resources & Industries, 2014, 16(3): 113-119.

CHENG H, LIU X Q, TANG Q H, et al. Microstructure and
mechanical properties of FeCoCrNiMnAlx high-entropy
alloys prepared by mechanical alloying and hot-pressed
sintering[J]. Journal of Alloys and Compounds, 2019, 775:
742-751.

YE Q L, YANG G, YANG B. Effect of aging on
microstructure and property of AlCoCrFeMo, ,Ni, high
entropy alloy[J]. Materials Science and Engineering A, 2019,
760: 1-6.

FU Z Z, KOC R. Processing and characterization of TiB,-

TiNiFeCrCoAl high-entropy alloy composite[J]. Journal of



BREHSH

WES TR

TiNbTaZrAl Fiffi & 435 457705 Ti(CN)IE 4 & P % 1k BE A 52

1371

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

the American Ceramic Society, 2017, 100(7): 2803-2813.
TSAI M H, YEH J W. High-entropy alloys: A critical
review[J]. Materials Research Letters, 2014, 2(3): 107-123.
YEH J W, CHEN S K, LIN S J, et al. Nanostructured high-
entropy alloys with multiple principal elements: Novel alloy
design concepts and outcomes[J]. Advanced Engineering
Materials, 2004, 6(5): 299-303, 274.

ZHANG Y, ZUO T T, TANG Z, et al. Microstructures and
properties of high-entropy alloys[J]. Progress in Materials
Science, 2014, 61: 1-93.

FERRARI V, WOLF W, ZEPON G, et al. Effect of boron
addition on the solidification sequence and microstructure of
AlCoCrFeNi alloys[J]. Journal of Alloys and Compounds,
2019, 775: 1235-1243.

NIU P D, LI R D, YUAN T C, et al. Microstructures and
properties of an equimolar AICoCrFeNi high entropy alloy
printed by selective laser melting[J]. Intermetallics, 2019,
104: 24-32.

LIN C M, JUAN C C, CHANG C H, et al. Effect of Al
addition on mechanical properties and microstructure of
refractory ALxHfNbTaTiZr alloys[J]. Journal of Alloys and
Compounds, 2015, 624: 100-107.

Xk, WOm A, RO, LM ORIE G m A 4 et
JE[]. A 4B 2R, 2019, 29(9): 2155-2184.

LIU Yong, CAO Yuan-kui, WU Wen-qian, et al. Progress of
powder metallurgical high entropy alloys[J]. The Chinese
Journal of Nonferrous Metals, 2019, 29: 2155-2184.

WANG Z S, XIONG J, GUO Z X, et al. The microstructure
and properties of novel Ti(C,N)-based cermets with multi-
component CoCrFeNiCu high-entropy alloy binders[J].
Materials Science and Engineering A, 2019, 766: 138345.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

LI Z J, LIU X Q, GUO K K, et al. Microstructure and
properties of Ti(C,N)-TiB,-FeCoCrNiAl high-entropy alloys
composite cermets[J]. Materials Science and Engineering A,
2019, 767: 138427.

LI ZJ, FU P X, HONG C F, et al. Tribological behavior
of Ti(C,N)-TiB, composite cermets using FeCoCrNiAl high
entropy alloys as binder over a wide range of temperatures[J].
Materials Today Communications, 2021, 26: 102095.

FANG Y H, CHEN N, DU G P, et al. High-temperature
oxidation resistance, mechanical and wear resistance
properties of Ti(C, N) -based cermets with Al,,CoCrFeNi
high-entropy alloy as a metal binder[J]. Journal of Alloys
and Compounds, 2020, 815: 152486.

CAO Y K, LIU Y, LIU B, et al. Precipitation behavior during
hot deformation of powder metallurgy Ti-Nb-Ta-Zr-Al high
entropy alloys[J]. Intermetallics, 2018, 100: 95-103.
SCHUBERT W D, NEUMEISTER H, KINGER G. Hardness
to toughness relationship of fine-grained WC-Co hardmetals[J].
International Journal of Refractory Metals and Hard
Materials, 1998, 16(2): 133-142.

CAO Y K, LIU Y, LI Y P, et al. Precipitation strengthening
in a hot-worked TiNbTa ZrAl,, refractory high entropy
alloy[J]. Materials Letters, 2019, 246: 186-189.

XIONG Z Z, YE J W, LIU Y, et al. Study on the phase
evolution, microstructure and densification behavior of
(Ti, M) (C, N) -based cermets[J]. Materials Chemistry and
Physics, 2020, 240: 122249.

ZHOU H J, HUANG C Z, ZOU B, et al. Effects of metal
phases and carbides on the microstructure and mechanical

properties of Ti(C,N)-based cermets cutting tool materials[J].
Materials Science and Engineering A, 2014, 618 : 462 - 470.



1372 [ E B4 R 2022 %5 A

Influence of TiNbTaZrAl high entropy alloy binder on
performance of Ti(C,N)-based cermet

LIU Mei-ling" >3, HAI Wan-xiu" %3 CHENG Yu-hong" >

(1. School of Materials Science and Engineering, North Minzu University, Yinchuan 750021, China;
2. Key Laboratory. of Powder Material and Advanced Ceramics, North Minzu University,
Yinchuan 750021, China;

3. International Scientific and Technological Cooperation Base of Industrial Waste Recycling and

Advanced Materials, North Minzu University, Yinchuan 750021, China)

Abstract: The TiNbTaZrAl refractory high-entropy alloy (HEAs) was prepared by mechanical alloying. The Ti(C,N)-
based cermet was sintered by spark plasma method with TiNbTaZrAl HEAs. The process parameters as
temperature and pressure were optimized by phase analysis and morphology characterization. The effects of
different HEAs contents on the phase composition, microstructures and mechanical properties of Ti(C,N)-based
cermet were studied by XRD, SEM/EDS, TEM and Vickers hardness tester. The results show that the addition of
TiNbTaZrAl HEAs promotes the solid solution of carbides and grain refinement of Ti(C,N). When the addition of
the HEAs reaches 7.5% (mass fraction), the mechanical property is best. The Vickers hardness and fracture
toughness of the Ti(C,N)-based cermet with HEAs sintered at 1600 ‘C and 30 MPa are (1960.4+40) MPa and
(10.010.25) MPa - m"?. Compared with those of Ti(C,N)-based cermet with Co binder, they are improved by
11.68% and 9.28%, respectively.

Key words: Ti(C,N)-based cermets; TiNbTaZrAl; refractory high entropy alloy; mechanical strength
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