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W E: AREBAARESIETE1280°C TRERL RN &L = tlikwEERM % (TBBC), K
BEFEFI3A 92.4HRA, B 8.2g/cm®, SEHK R 3N 8.0x107°/K. AR EE, X STERATHFIfE
WX HBORGWHAT T 204, GREH WA SRR R i =T LY EBE F A (MoFeCrNi)sBa
MGEEH G o-Fe A, BRANKERLHI BT, ERESFHALYROLE, XdbHk
PR 80%. BEMLB R F &R ERF RIFH T EE.

X ® A =Wy SRR MREH

PEAXS: TQ174 - XEHEIRE: A

1 5|7

EXMUMBEEREER RN R OB RME, MoFeB, E= Tt ES
REERAN RGBS HERMTERED S A 80~92HRA 1 1.0~2.60GPa, 41 2% T
RESHWEEMRTRENEE, THEFENAKAREEEREESWELSZZE, LFSHTF
MpEE U EESEATFHELL, EHRANGTE, ML RAE, RPRTHEY
RPZHSE 0 54 GHEERMHEEL BMEBEENREKARARSHABE, K,
TUSEMATREAHERRNERSN . BiINFEcMAdy e RBENTRR
£ U ARRRRFHEA, RESSBULNREER, EREF HIY LY HFRBD.
At F= Y EEERENTERAEEENTE L.

B &L= cl A E SR E TBBC, X H MR . P13 ¥ v BB v 17

THA.
2 &

RIBA ECH 23, B o TR R E=S Tl RS RRE R, mME=THLY
EWFANERELS SR, BEELRAL HRBERSRET. AEEE—-FHOEEN,
HiBFUNE: ERIEFEGHEHNBTRA TRERMANSERT. EXMEYH, HE
ETRNWERTSARENK 1L H TBBC fEAHRB.

% Fi Mo ¥t (99.9%mass, 3~5um) , Cr ¥ (99.8%mass, -300mesh) , ¥t Fe ¥y, B Ni fy
1 FeB ¥. FeB MR, 8K, TFERET 100 HiF. S8 AMRERESK: FTHRE
3.41pm; BB FE 1.67g/cm®; G A BORF R ERK  FERIEE 2.39um; ¥ 3 % BF 0.76g/cm?.
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TBBC f il &3 BmAE 1 fim (. FER#A& Mo, Ni, Cr, Fe#l FeB, J& % BRES 100h.
AZEENREMNK, 58P HSTHR. F 100 BRBFLR G580 DEHBRE
RIEMAR. BB (5.4% BB B HIE ), 1848 K BB A B ¥ 0.3kg/100mL, 1 80 B ##,
A 25%10%kg £ AIHLFE 10MPa FEH], EHEEFE H 4.3g/cm®.

%1 TBBC HERTEXNERTIER
Table 1 Composition of TBBC (wt%)

B Mo Fe Ni Cr
6.0 51.8 37.4 2.9 1.9
Metal powders Boride powders ﬂa 7% K {]E E -H— (gy. J%- : HRD_150) ?B!'J
(Mo, N{, Cr-) <F°Bl'") BHEE, A=ATHE4E WD-10 & T
TRARI LMW ERXRTRE, BEX
20mm, HNEEFE K 2mm/min, KEERTRH -
3mmx3mm x 30mm; 3 F £ /B B i £ X ¥ 34
| Drying & Granulating | M AMEXEENREERE; Aidh%iR
% HlL (INSTRON MODEL 8032) il £ 3 ¥ 48
[ Pressing & Shaping I B, RERTH: 6mmx6mmx30mm; F#
| AL (TMA-50 SHIMADZU THER-
MOMECHANICAL ANALYZER) il £ #\i% i
| Z, WEER ST 6mmx6mmx10mm. FfE iR
RATRUE. SREDREY. X X

SEMmH (H 4% el Rigaku D/max-rm)

M 1 TBBC B &2E
Fig. 1 Manufacturing process of TBBC A B BEST T (JXA-840) HBOWLEH -

25 1458 #E MRH-3 & SRR B HUA R AL L#E4T, RAFRER FX. BROARTH: I
2 ¢50mm, &4 15mm, B8 HTE R4 € (YG6, HRA90); B# R EHKEE b : Ra=0.08um.
B R~ A 16mmx 12mmx6mm, 1K 43 518 4 J8 #6404 Q235A . 45 ., 65Mn #1 TBBC.
RIGAT, BRFLHE, WER, MAEREHBEEY: Ra=0.1um, K5 HXFEEREF
BAEFEPR, TREFHE. BRA%ERN 1000r/min, B EA [ 20min. fE & #KB/NRIE
BiE, RERHSEESFRF (JA2103 Electronic Balance, Max 210g, d =1mg). i 1& ¥ #E
BH3KEZRRBATHE, FRFARKAHAEXTRESE.

3 GRES

TBBC W ¥ S¥ %2 7L TBBCHEER T —MRNERS EWEEURES

% 2 TBBC W#HBEHZEEH
Table 2 Physical and mechanical parameters of TBBC

Hardness Flexure Fracture Density Elastic Thermal coefficient
HRA strength/GPa  toughness/MPa-m'/?2  /gcm™® modulus/GPa expansion/1076.K ™!
92.4 1.8 13.1 8.2 254.5 8.0

FAZxMyEERBEHEE, IHERL —RRNEE ERT-RERGENE
BE (%04 YG6 By 0.55 1), MMk R BN — RGO AR ALY Bit, SHELHE
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BB E R EA R RRN S/, FETURBERAN IWEZERSETEEZEGHHEM I (E
ERSCERMEMEBEEERE LRI, UBIEMMRAN 5.
& 2 7 TBBC # X 4T 817 5 & ¥,

AR, HARESERERMES GRUF . f . MosFeB;

UsSip) Z5TL ¥ FM 45 A DL o-Fe I I

M. Xt TBBC BYRE 5 AH ALK 45 M 1T RE . |

WA (EDS) K3, TEERMFEHR Mo, b l
|
|

a-Fe

Fe, CrfINiS TR (HTFBTEMNETR

KA, AN ETESN, EHbE s .
A Mo , Fe fl Cr T K. 5 XRD /M 5 R4 LW, ‘5 "
ARERTUBE, 58 EA A (MoFeCrNi);B,, 35.00 60.00 85.00
BT Cr . Ni fl MooFeB, By B {&. Rt 26(°)

HHT CuR, XTRERENTRITER B 2 pag5EE N 1260°C Bf TBBC ) XRD A&
0. KM AEH SR Mo fil Cr 49 o-Fe [ &

Y5k, B 3 & TBBC i A FIAE S MW Fig. 2 XRD pattern of TBBC sintered at 1260°C

A AT -
B F R KA &F =Tl Y Mo,FeBo, Ft LA & R 1E 52 45 1 18 rp il 4 A< (8] 6 S

AR ). MogFeBy il (MoFeCrNi)sB, BT BLAY R M T -
Fe+FeB=Fe,B (1

2Mo+2Fe;B=Mo;FeB, +3Fe (2

Cr+Ni+MozFeB, —(Mo, Fe, Cr, Ni)3B, (3

Fe+Fe;B+(Mo, Fr, Cr, Ni)3Bs —Liquid+(Mo, Fe, Cr, Ni)3B, (4

400 r

) Mo Fe

Fe

CPS
CPS

50 Fe
LA Mo Cr J

Energy/keV Energy/keV

B 3 TBBC RYTERH (a) MAELEAH (b) #9 EDS 4047
Fig. 3 EDS analysis of hard phase (a) and binder phase (b) of TBBC

B 4 & TBBC FEF2 4518 B 1280°C YAy SEM BE Fr. & DLAE RAHFIKL G5 AH A2 018 &9,
HPERMHNERESAREEE TSN, HEDS HHBERGAERSE R BUKEN
R REERAAEEHNERES SR, SR VERENERELSEY Y 80%. H
F TBBC PHEFRAMNERESSREEF THEHNWEREL SR, FUBA TREWE
BE.

TBBC R BRI 2 A U T ILANET B (LA 5): FEREEIRE 1100°C Z£4 U Tt X E
MR E, EHMBREERERSHAE FeB . Mo fl Fe Zfy il 4b & A B 5 27 4 TE
JEAH Moo FeBy, ZEL AR TGV AR B 5 ZESE 45 B 1100~1150°C 4R, B FR KA S Fe,B
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Z ek B A A B Lo (5K 5), R B Al B b WA Ly B LUE R A BB

2814 20KU  X1.00@ 1Ta?7n§v

B 4 TBBC #j SEM B K
Fig. 4 SEM photographs of TBBC

Mized Solid Liquid phase Final smtered
powders reaction sintening compact

Boron source .Temary Metal .Liqm'd Metal
powder boride powderg @ phase phase
M 5 TBBC fype#d Rl
Fig. 5 Schematic chart of sintering process of TBBC
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Hl, EBEA, MoFeB, H@ AP EA, Ik
BRVIBAESENBEAORERSEL. BEL
B RTFI R B e 2 BE  IREETE 1150°C LAk
B TR KA, MooFeBy Ml Ly AR KR TE AL
WAE La(L K 6), Ly B 1R = 1Y 15 #F Mo, FeB,
W N RS HEBELEEL. EMBEAIE
J3@ L MoyFeB, ki Ly A0 R A EA MBI

o
(=)

Wear loss/mg
o2
(o)

-
(=)

O " A
Q235A 45 65Mn TBBC

6 Q235A , 45, 65M .5 TBBC 9B #ifk RS
IS Q T g A+FeyB+(MoFeCr)B—L; +(MoFeCr)sB,  (5)
Fig. 6 Wear loss of Q235A, 45, 66Mn and
TBBC L, +MoyFeBy+A—Ly+MosFeB, (6)

B 6 % Q235A . 45, 65Mn Ml TBBC 7E# #F P=100N , EE4fl 20min B, HRIEEREL
ST LA . BT LLE B HR 20min /5, Q235A . 45 70 65Mn BB B LW ETE, T TBBC
By BB /N, 2% 45 9 1/70. mILTTLAE BX A 50 . HEIL B R % TBBC iyt B 1k
R TF— bt X2 mF TBBC M T E T — MM, 7 TBBC IR
fE, WEHEMELGNT BERS.

4 i

1. HIRTE 1280°C FEBELERNEE T Z oM E &R % TBBC, HEEE A&
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92.4HRA, B 2% 8.2g/cm®, # Ak R ¥ 8.0x107¢/K.

2. TBBC & i =il {L ¥ 258 A Mo,FeB, MK BEHM G a-Fe A, BRAMGKER
GAESHS, RS AALROLE, 44 EBLHE 80%.

3. TBBC RA R B 4y BB 1L 68, B thm m i T —Ra#e -
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Research on Ternary Boride Based Cermet
WANG Yong-Guo?!, LI Zhao-Qian?, ZHANG Dil

(1. State Key Laboratory of Metal Matrix Composites of Shanghai Jiaotong University, Shanghai 200030,
China; 2. Mechanical Engineering Department of Shandong University, Jinan 250061, China)

Abstract: Ternary boride based cermet (TBBC) was produced successfully by using the reaction
liquid sintering method under 1280°C and vacuum. The hardness, density and coefficient of thermal
expansion of TBBC are 92.4HRA, 8.2g/cm? and 8.0x107%/K respectively. The microstructure of
TBBC was studied by using SEM, XRD and EDS. Results show that the main composition of
TBBC is ternary-boride-based hard phase and ferrous-base binder phase. TBBC has excellent
wear resistance performance.

Key words ternary boride; cermet; microstructure



