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Table 1 Composition, hardness and density of high manganese steel and composites
0,
Material Elf:ment content, /% - Vickers hardness, HV/MPa Density/g-cm™
C Ti Mn Si
Base 1.2 - 13 0.3 1738+73.6 7.9036+0.044
SMCl1 1.7 2 13 0.3 2234+116.4 7.7775+0.065
SMC2 2.2 4 13 0.3 2830+234.5 7.6390+0.033
SMC3 2.7 6 13 0.3 3122+370.6 7.3837+0.053
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Fig.1 Abrasive wear diagrammatic sketch: (a) wear mode and

(b) wear sample

W5 okl B A RE 1 R A AL )2 . EBSD RFE LML
Pt )E, RIS IENL (Vibromet) ZE40K Si0, &
G 2 he

2 HREDH

2.1 EEMRBNEARS R

K 2 2 ANTH] TiC AR B0R G A RHRAE 315 1 4
AR A AT XRD B3 (Cu #8). Wk 2d fis, E&H
FF R SRR R TiC PIAHAL R, G A B AL R 5 G
BERFE R, A R, K R ORI 0o A e
FeAkr o [ RT DL H e AR 2 B ) B R RORL A 43
IS R FH Tmage I 3KPF 23 #7 # E AR R 20(%),
SMCI1: (5.77+0.14); SMC2: (10.47+0.8175); SMC3:
(14.86+0.46).

B 3 S HEAT 042 23 A ) SEM IR A RTR I 1) s 42 43
fi i W, K&l 3a~3c HiE SEM & -, Al ] Tmage J 73 %)
W 3 R AR B & ORBURL (R kL4, FFH Origin
IR FLARE A, A5 F] 3 PR A [RDRLAR (1) 43 A A
o WAL G 1S B A L AR R . I 3a
AH, 5.77% TiC Z-a#ERF kAR 2.20 pm,  HKiAE
DATIEARENLE 1~3 pm 28], B HAAE DK 6 um i
KERL. 10.47%H A5 EHE 3b)FHRi4% 2.8 um, Ktz
KBRS FAGLE 1~5 pm Z00), A 12 pm KFRL.
14.86% TiC AWM ENIE 3c)kife FE A AAE 1~8 pum 2
B, d5 KRR 17 pme

Bl 4 & e A s A B LA A MR 4 25 R AR Ak B
B A% IR B ME R LR (500 £5), MBS
W (B 4a. 4b) w1, il 4N AL R S 3L 53 G d RLA
FEAEBIRABLICA LR, BiAAZE ICA 212tz Bk 7k LA
PR EOR Bk 4R H IR B A S e N BT TR B,
il AN AR S L 5T B PR i S B AR P 3 B T A 5% )
B 2 IR VB B A o R K IR B I A A 2R 2 {8 vyl 40 1)
S, BIVE R B, MRS 0T SR B S R (8
dev 4h) WTLLE R, fb SR ARL PR VS B A4 H AR AR
A FERE AR AR T, RN L RO B R, R
BRRE N B AR 23 K TiC PRI IEAE o A7 4 W 5245 A
KMAGEIAS I, 1T LU B HAb BT S 20 2R b A A A
/bt Gl o C BB B LA, 3X AT B8 7 B4 e R rp e AR 1



57 ) TRRAF: TIC HE e BN R AR R L0 R ARk e *2409

500 pm 500 pm

——0.00% Tic d
——5.77% TiC
——10.47% TiC
14.86% TiC

@ Austenite
= TiC

Intensity/a.u.

500 pm

20 3I0 4I0 5I0 6I0 7I0 8I0 9IO 100
20/(%
K2 AIF TiC AR B & AR PR 79 AR IR R A XRD B
Fig.2 OM images (a~c) and XRD patterns (d) of the composites with different TiC volume fractions after the heat treatment: (a) 5.77%,
(b) 10.47%, and (c) 14.86%
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Fig.3 SEM images (a~c) and particle size distributions (d~f) of the composites with different TiC volume fractions: (a, d) 5.77%,
(b, ) 10.47%, and (c, f) 14.86%
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Fig.4 OM images of Hadfield steel matrix and its composites before (a~d) and after (e~h) heat treatment: (a, e) 0.00%, (b, f) 5.77%,

(c, g) 10.47%, and (d, h) 14.86%
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Fig.5 Quadrat count method and results of particle position distribution: (a) particle count method of Quadrat, (b) 5.77% TiC,
(¢) 10.47% TiC, and (d) 14.86% TiC
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Fig.6 Micromorphologies of Hadfield steel and its composites after corrosion with different TiC volume fractions: (a) 0.00%, (b) 5.77%,
(c) 10.47%, and (d) 14.86%
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Fig.7 Wear rate of Hadfield steel and its composites
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Fig.10 Wear surface micromorphologies of Hadfield steel and its composites with different TiC volume fractions: (a) 0.00%, (b) 5.77%,

(c) 10.47%, and (d) 14.86%
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Fig.11 Wear surface micromorphologies and schematic diagram of wear mechanism: (a) wear surface ceramics, (b) wear section surface

ceramics, (c) cutting, and (d) fracture
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Microstructure and Abrasive Wear Properties of TiC-Reinforced Hadfield Steel Matrix
Composites

Ning Jiapei'?, Zheng Kaihong', Wang Juan', Luo Zhichao'
(1. Guangdong Institute of Materials and Processing, Guangdong Academy of Science, Guangzhou 510650, China)
(2. Central South University, Changsha 410083, China)

Abstract: High manganese Hadfield steel is the conventional wear-resistant steel. In order to meet the requirements of complex working
conditions, Hadfield steel matrix composites (SMCs) with various volume fractions of TiC were designed and fabricated by an in-situ
solidification method. The microstructure and abrasive wear properties of these composites were examined. After heat treatment, the composites
consist of austenite and TiC phases. TiC particles are uniformly distributed in the matrix, and the interface between the particles and the matrix
is clean. Results show that the wear resistance of the composites can be improved by the introduction of TiC particles. However, with the
increase of the TiC volume fraction, the wear resistance decreases slightly. We find that the particles increase in size and then their segregations
are formed with the increase of the TiC volume fraction. The increased wear rate with the increase of the TiC volume fraction is caused by the
fracture of large particles.

Key words: Hadfield steel; TiC; wear resistance steel; composites; abrasive wear
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