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Abstract The 4% weight percentage TiC reinforced FeCrB based anti-wear composite was designed and prepared by
powder metallurgy technology. The effects of sliding speed and load on the dry friction and wear properties of the composite were
systematically studied by reciprocating dry friction experiments with GCrl5 steel ball pairs. The X-ray diffraction ( XRD) ,
scanning electron microscope( SEM) and other techniques were used to analyze the phase composition and micro morphology of
the composite. The experimental results show that the phase of the composite is a-Fe, FeCr, TiC, Cr,B and Fe,B. The addition
of TiC significantly increases the hardness of the material and slightly decreases the density. With the increase of sliding speed
and load, the friction coefficient decreases generally and the wear rate increases significantly. The pinning strengthening effect of
TiC on the Fe matrix composite inhibits the spalling and deformation of the material, and the wear resistance of the material is
significantly improved. Through comprehensive analysis, TiC can effectively improve the dry tribological properties of FeCrB
alloy, and its wear mechanism is mainly delamination wear and abrasive wear.

Key words Fe matrix composite; TiC; Dry friction; Wear resistant; Wear mechanism

Corresponding author: CUI GongJun, E-mail:cuigongjun@ tyut. edu. cn ,Fax :+86-351-6018949

The project supported by the Shanxi Scholarship Council of China ( No.2021-060) , the Natural Science Foundation of China
(No. 51775365) ,and the Joint Fund of National Natural Science Foundation of China (No. U1910212).

Manuscript received 20221028, in revised form 20221221.

#20221028 W IR, 20221221 WeEMEHCR . LPa 4 [l [# B 22 A R BHFT H (2021-060) , ER AKRBIEILETH (51775365), HE AKRE
HEWMAGIRETH (U1910212) %),

s RAPRAL, B, 1998 4R, INFHE A, DUk, KIFEH T KAV S8 TSRt FEFIE 7 A AR

wer EINZE GEEMEE), B, 1981 484, INRIGHA, BUR, KRBT RFPIIN 588 TRRSEBRHEE, Wt BRI 6 UM 2 R 3



5 46 B4 5 ]

RS . FeCrB-TiC HUEEE A BB EEIE 22 M RE A 5T 1169

0 35l

B Z ALV M 25 R & 1 S B2 A —
FE AR SRR 2 F A A [ B R 37 25 3 K A B 8, X R
I ELHE M BRI TAERCR IO KB T A4} 45
FEo el b, SR i 26 ML r A A DR S 8 AR i A
BHREIT A4 50 f2oa' . REESEENMER
R PET BB R AE o A v S B AR S B T, (R
o AR HT R T A T AR Y R TR I A o A
il 2 v PR RE DTS A R R B AR BT MRE, LS R Tl
NG R R T 5, IR R B, Bk 5L 55 A kAL
BT 72 BE T I 1 8 ] s 25 1 3] 40 2k b et
BCASAR SRR i AR H I, & T F R
BLER BB R 2 A AR Tk & R R R il R 1
[ETF7

AR K THIEE S EHIRA T — e ik,
T3 A I AR R A AR TP ) B B R AR
MORHERE , Horb, DA 500 Ak 4 R Ak AL o A Ry S
AR R 4R A ARk v 4 T AR A R AR ) (R
JfaPEAH Fe, B AOAFAE S 45 A M5 T AH -5 Rk 3 1A (1) T R 2k
SEM B ERRAL . CUL G J %5 #1457 FeCrB
B4 BT A I B B Y FeCr ZEAA R Fe, B 1Y 4545
PR T AR TRt L (B A R AR Fe, B 047 7E i 15
FeCr FEAAR FH 1) AT RS g et L, BE S AL 22 3
R 9% 57 R . A 2 sl e RS o A R
BRI AL 1 LA ARAS R AT B M R R, 8 LAY
Be B R A TiC |\ Si0, AL O, SiC 55, H A0 57 5 1Y
TiC Uk AN B R & 10T B W i | A A
B, B S5 9SERA AP AR 5 TiC # 78 gk
FEEAMRHIETRAR, XU S H 287 %} TiFe-xTiC &
MORHERT T 058 25 R W] BiE TiC & &3, Tic
FRUH A AL A 7 38 K, (8 e 245 B Ak, P
P 150 110 [) i EE 4 PR 45 B S KGR s B 1Y TiC & 5
SR AR AR 1 45 G SR EEREAR, Bl TiC ORIl &)
IR, BKCCEEAE S 7E 1300 °C B4R T
Hil 45 T Fe-25%TiC &AMk, W7 & BHE 53 A A4k Ik
R A T BN, A B AT R Tig Cy Rl Fe, C R
SR 25 A 0 B 0E 1T 5 S5OM LA B T [, EE PR MR
AU R I MU IR A AR TiC YR RO
2P RE RN B 45 SR SR In A BT i 434K 40% TiC B
WAREELA B AR 1Y 1 2 P BE R BB 1, TiC UKL 5K 1805
A TSR (R PB4 A0 25 XSS Thedh iR g
WA, O R Y HOE R, R LUE A R 5 T 45
I\

ORISR IL B AR 22 DL A SUR T 24 M fe
FFE R 3, X T 50 3k 0 2 g o) JHL B 45 2 M BE 10 25

B S EAG AL AR AR XD R AR IS 1B
A SN G PORER AR TiC A RS AH
VB IR 5 R LS BRI ES R s kS S S b1
b, AR BE SR T SR AT BE 5 2 S 00 4R 5T L
BLH

1 21§

SRR RE R T B IR R Fe By (4l 98% , i
400 H) .Cr #(99.5%,200 H) .54l B 45 (99.9%),
200 H) 1 TiC ¥ (99%,2 ~4 um) , 2 WFE 1 H4 T
FeCrB Fl FeCrB-4% TiC, /3 HIfaiic h T, . T, .

B3 1 T IRR R BUS BRI IR &, BB R LR
2:1,1R8 6 h, 7 300 r/min, FBFIRA Y5 oK
WA S H v T B RS 4, THIR G R
10 C/min, 44 PR BE IR E] 1150 °C B i 35 MPa,
PRIEARE 35 min J5 IR 2 900 CHIE, FEP R HI B %
e BrReas bl E A $30 mmx3 mm WY& F, A4
X R RE R T AT B MO, 2 5 AT R e L TR
#H.

F1 RAERSHRESH
Tab.1 Compositions weight percentage of specimens %

. Fe Cr B TiC
Specimen
Ty 84.5 12.0 3.5 0
T, 80.5 12.0 3.5 4.0

filiF EX324 B HLF R, I B SR FE HE K %
IS AR 1Y) 52 PR 4% B SR FH 380 A (% ) 2 fir
4.9 N f445HE 10 ) PAE 10 W5 BOLESEAE iR
FEAECHERE i CFT-1 BBk 5 2B S s Pk 6
P TR, LA GCr15 B9BR (6 mm, R 0. 02 wm A
63 HRC) it @, A E AT 5 mm, SLIRIHBEIRE MR,
W4 B 18] 27 30 min, I 3K 28 far 24 5,10, 15,20 N
(0.066 m/s) , ML FE A 0. 033.0.066.0.1.0. 133 m/s
(10 N) , BATIR S5 AFIR 3 R BOF AN e Je 245
T X EERE DRI 5 ] 2207 A1 1 e B A
FE BRI AU R B BUA T B IR AKX W=
V/(SFYTHE, o VR B IR B, mm ;S SN EE SR
B ,m; F O AT N,

FIFHA3 B4 (JEOL-IT300 75U ) W 8% B 451 7 55 A1l
WS BT X FZATHH (XRD-6100 ) FlfE i
AT A AL A IC R A

2 #FR5E

2.1 WHEH
B oga s 7l FE ) X 55 2 A7 5 ( X-Ray
Diffraction, XRD) &lif ., Fe Cr JE FIELESE e p &4



1170 HL M

5k

i3 2024 4

175 S, Cr J ] B 5] Fe JRF fiAg o T i [ 1%
A H L (1) 7E 500 ~ 3000 K 3 Fl N AG K i
(B BN RS BRI AL Fe, B, BRI b I 2R AR AT
1) Cr 2+ F1 Fe A]F80 & A E e, N IL T, B9 HHA
a-Fe FeCr [EA K Fe,B Cr,B, ®{K || [EEK R
TR = A s AL SR O A AR A R T 42 = b
RHRE R BEAh, T, HRA KT E) InA TIC A, HoR
DA AT S, BB TiC B R A BES E T Bl
TiC AN, a-Fe B4R X D855

2Fe + B = Fe,B (1)

1 1-a-Fe
2 2-FeCr
4-Fe B
3-TiC

5-Cr,B

1
5 2
4 |
50 43 dsBlss 4 2
\
I \

i
AT | Wl A
»ﬁ)AwWWW\., LY VO VSO | WOV WP . L WO O LY

FTSTSRAE
Diffracted intensity/(a.u.)

3
5
4 5433
1

1 1 1 1 1
60 70 80 90 100
200%)

B 1 kA XRD
Fig. 1 XRD patterns of specimens

Kl 2 Bos & G M0RE T, BT B R BB AT

1 1 1
20 30 40 50

R, RN A A5 B B, T B
BBHNSLIR , Fe (Cr . C B JTLR M 45 ; 454 XRD K

TSI, R 3 X R FeCr £ 42 B4, B0 UR B €035 43

1
(a) BEI 100 pm

100 um

(b) Fe

(e) Ti

B2 T, B9H RN T R TR A

Fig. 2 Back scattered electron map and surface element distribution of T,

Xof IO PO R S5 B3 AL 90 ( Fe, B Cr,B) 5k FEAR LS & B %,

HLYIEI 3 A0 TR B A b R R R ) i R 2, S 4

g3 Ti TCR M E X, X TiC BE5RAH
2.2 WIE%RE

32 45 T R A A ECRE R N B, TRk
BaFARTINA TAIREE (4.93 g/cm’) [ TiC P ¥ 50
LT, BB BERSA %, T, RRERE B T TiC AYIMA
H 346 HV FT}& 477 HV , 3405 K 37. 86% . X & T
RS (3 000 HV) 1Y TiC A5 i BAR VR #0345 T LA
A ATt s By A B R S AR rh  FLBREER AL FET L
VEFISRAL T R Ao B 3 i i 121222

F2 WAEMEREENZE
Tab.2 Vickers-hardness and density of specimens
Xk o [Chg i T
Specimen Vickers-hardness/HV Density/ (g/cm’)
T, 346 7.07
T, 471 6.24

2.3 EEEHMEE

Pl 3 265t T Tt I 458 R 0 e ok R 2k iy 2
AR, JEE 48 DR R JEE 48 o) o v PR 482 ) 422 o [ 2 )
AR Bh 2 OO RS I AH 1 FH A 28 B 2 SR | e
BERECS o B BTSN R WAATERE BN R,
TEEE o BER AR (Q =kt Horp S EE R
B F Rk AT 0 AW SR A —E R E L
SIFCIA BRI BEA DA, VA I R DR R 2
Bl A I /)N 3 R Ay B A 1) 7 A 5 S0k
BEE AT BRI AL T AR BT N T A 2 T B0 R

100 pm

(c) Cr

1
100
pum () C



5 46 B4 5 ]

AEIAE . FeCrB-TiC FUE R S A KT ER B PR RERT ST

1171

BEPUBRAIR T 1 3(b) HEE 488 R 50t 2 28 11 386 1
SEIINE I XS R R 2 A A /N B R 2 ] A
LKELRE WA X LA 5 s 1 1T - B5CHE k5 A i, R 432 1A
B o AT 15 N I EESE I EICH 0. 445, i A1 REER
TIOR8 222 1] 174) A A FH 8 5553, TR 48 Rl =2 i) £ 512
2 i T FRIG RO T AR, DR B 4 R 5, i

08
—aT
0.7 T,

0.6

05

PBESER B Friction coefficient
=
=

<
155

0.|O66 O.IO()() 0,Il32
P Speed / (m/s)
(a) AT 10 N TREE B EAN
(a) Change of sliding speeds at 10 N

0.033

W AT AR K b JEE 4567 2 11 AR R EE 455 % 5
B2 AR, SR RO T R A S T T,
BESE D BUE AR T T, 32 BT TiC ORI Bk LA
BYFUAE I AT LA S R R 5 R AR ) i A, HL
e 5 % % 18 ARVRCUUREL A s 1) 1 P 9 TR s eI 1 Ak
KR R AR

0.8

—a—T
—e—T

< o < <
EN n =N “
T T

PBEHEIR B Friction coefficient

o
L

<
o

5 10 5 2
A Load /N
(b) WHMESE 0.066 m/s T BE#R AT

(b) Change of loads at 0.066 m/s

K3 R BRI O A 2k

Fig. 3 Variation curve of friction coefficients of specimens
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Fig. 4 Variation curve of wear rates of specimens
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Fig. 5 Scanning electron microscope image of worn surfaces of T and T, with different loads at 0. 066 m/s
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