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Abstract: TiC particles that can be wetted by iron-based alloys at elevated temperatures act as the hard
phase. The TiC/Fe composite coatings featuring alternating hard and soft phases are cladded on the surface
of Q235 steel plates to enhance their service life under wear resistant conditions. The results show that the
TiC/Fe composite coatings prepared by laser cladding form a composite structure with alternating hard TiC
phase and soft y-Fe phase. However, when the area ratio of the soft phase to the hard phase is large
(greater than 1.8) , the “high hardness-antifriction” TiC/Fe composite coatings are not obtained. When the
area ratio of the soft y-Fe phase to the hard TiC phase is approximately 1:1,a “high hardness-antifriction”
synergistic effect is achieved, that is, the average hardness of the alloy coatings is as high as 1300.39HV.,
and the average coefficient of friction is only 0.1127. The wear mechanism of the iron-based alloy coatings
without TiC particles is mixed a wear mechanism of abrasive wear, adhesive wear and oxidative wear. After
adding TiC particles, the wear mechanism of the alloy coatings are mainly slight oxidative wear, and with
the increase of TiC particles addition, the oxidative wear of the alloy coatings weakens.
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Table 1  Chemical compositions of Fe-based alloy powder

(mass fraction/ % )

Cr Ni Mo Nb Mn O B Si C Fe
18.86 2.89 0.98 0.33 0.30 0.028 1.1 0.75 0.20 Bal.
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Fig.1 SEM images of laser cladding powders (a)FTO0;(b)FT10;(c)FT20;(d)FT30
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Fig.2 XRD patterns of TiC/Fe alloy coatings
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Fig.3 Microstructures of alloy coating cross-section (a)FTO0;(b)FT10;(c)FT20;(d)FT30
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Fig.4 EDS surface analysis of alloy coatings
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Table 2 EDS results of non-TiC regions on alloy coating

surface(atom fraction/ %)

Point C Si Ti Cr Fe
1 12.81 1.67 1.81 4.27 79.44
II 13.41 1.33 2.71 5.20 77.35
Il 15.28 2.24 1.71 4.55 76.22
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Fig.8 Morphology of surface indentation on FT30 alloy coatings
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Table 3 Surface Vickers hardness of FT30 alloy coatings

Point 1 2 3 4 5 6 7 8
Hardness 756.6 1204.2 1045.2 1193.7 964.8 1340.3 1433.6 998.2
Point 9 10 11 12 13 14 15 16
Hardness 1057.6 1136.4 1136.3 1150.3 876.4 1208.7 1057.3 1021.2
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Fig.10 Morphologies of wear scar on alloy coatings  (a)FTO0;(b)FT10;(c)FT20;(d)FT30

®4 EEREBERMEDSER(EFHE/%)
Table 4 EDS results of wear scar on alloy coatings
(atom fraction/ %)

Point C Si O Cr Fe Ti
1 11.66 9.28 46.54 5.99 26.53 —
2 12.75 3.35 18.69 9.40 55.81 —
3 11.10 9.55 42.85 5.20 31.30 —
4 13.52 1.27 2.31 2.69 79.44 0.77
5 20.78 15.08 55.33 0.23 6.51 2.07
6 10.24 7.64 29.31 3.56 48.17 1.08
7 12.84 1.06 2.58 4.88 77.54 1.10
8 41.62 0.30 0.97 0.26 0.82 56.03
9 15.32 3.01 9.92 3.49 65.64 2.62

BI1T Ry B IR 56 B e it o T 5 SR 16 . T, B
TIC JIF o TR LL AR 3G, o i B - I8 " B RIAE T
WOCIETE TiC/Fe 54 1R 2 MBS IR 50 B R il /N

Mo 2R T AN [R] TiC Fr % O A 420 &
AR A4 40 (martensitic stain steel, MSS) 14 )2 20 20 F
T B P B S D, 45 SRR B, 4 TIC-420 I [ AR A 850 1%
JZ (4% TIiC) W B R 5 A% (T8 2 Oy 548.29 pm) , HLEE
FMECH , B8 X, 3 P TiC R 5 AH 9 5%
R A A SORE AR A A L A8 TNC B AR 2 O 1 5 43
SEUR R 7, DT BRI I R R . gk
I TiC J0kr 7 I, 420 5 RN S 802 (6 X0 TiC)
TiC ™ 5 P 5 7 A L B R 5 40 3R 1 1 B )
T TR RS 5, B LR UK T 4TIC-420 5 [GAA
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Fig.11 Statistical results of wear scar width
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