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Abstract To strengthen the wear resistance of AISI321 stainless steel, the TiC carbide-reinforced compos-
ite coating was produced by laser surface alloying. The microstructure, microhardness, and wear resistance
of the composite coatings were investigated using optical microscopy, X-ray diffraction (XRD) meter, scan-
ning electron microscopy (SEM), microhardness tester, and sliding wear tester. The results show that the
composite coating is metallurgically bonded to the substrate and the microstructure is fine and uniform.
The hardness of the composite coating is up to 400 HV, which is 2.5 times that of the substrate. Under
room temperature and oil lubrication condition, the sliding wear tests indicate the friction coefficient and
weight loss of the composite coating are smaller than those of substrate. The worn surface of the composite
coatings is much smoother than that of the substrate, without grooves and crater. The wear resistance of
the material has been greatly improved by laser surface alloying.
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1. Introduction
AISI321 austenitic stainless steel is widely applied due

to its excellent corrosion resistance. Because of its low
hardness and an austenitic structure, which can not be
strengthened by conventional heat treatment, and the
poor ability of the wear resistance, its application as en-
gineering tribological components[1] is restricted.

TiC carbide as one of the common ceramics has many
exceptional advantages[2∼5], such as high melting point
and thermal stability, high hardness, high energy absorp-
tion for the laser beam, good compatibility with γ-Fe,
high electrical and thermal conductivity etc. TiC car-
bide is widely used as the reinforcing phase of the wear
resistance composite coating.

Laser surface alloying is a novel technology to improve
the corrosion and wear resistance of the metal substrate
among the different surface treatments. It makes suc-
cessful application in Ti-6Al-4V alloy, cast iron, stainless
steel, etc.[6∼9]. Compared with the conventional surface
treatments, it has some outstanding advantages[10], such
as high input energy, low distortion, and high process
flexibility. Composite coatings produced by laser surface
alloying are thicker than those produced by other conven-
tional surface technologies, and those are metallurgically
rather than mechanically bonded to the substrate[11∼16].

Laser surface alloying with TiC carbides has been
successfully used on aluminum alloy and AISI316
stainless steel to improve the hardness and wear
resistance[2,3,17,18]. In this letter, laser surface alloying
was adopted to produce TiC carbide-reinforced compos-
ite coating on AISI321 austenitic stainless steel. The
microstructure, microhardness, and wear resistance of
the composite coating were investigated .The formation
mechanism of composite coating has been also discussed.

2. Experiment procedure
The samples of AISI321 austenitic stainless steel with

size of 100 × 100 × 12 (mm) were abraded with SiC
grit paper prior to the laser surface alloying. The alloy-
ing powder was a mixture of TiC, CaF2, and Re, grain
size≤ 127 µm, as shown in Table 1. They were me-
chanically mixed. The mixed powder was pasted on the
sample surface with an organic binder, whose thickness
is about 0.3 mm. Laser surface alloying was carried out
using a 1.5 kW continue-wave CO2 laser with Gaussian
mode. The laser beam spot and scanning speed were
3 mm and 5 mm/s, respectively. To protect the alloy
surface from oxidation, high purity argon was used as a
shielding gas through a coaxial nozzle.

The laser surface alloying samples were cut trans-
versely to the laser scanning direction, polished by usual
metallographic procedure, and etched in a solution con-
taining 20 ml HCl, 20 ml HNO3, and 10 ml C2H6O. The
phase composition of the coatings was identified using
X’Pert MPD X-ray diffract (XRD) with Cu Ka radia-
tion operated at a voltage of 40 kV, a current of 50 mA,
and a scanning rate of 5 ◦/min. Microstructure of the
coatings was characterized using Philips XL30 scanning
electron microscopy (SEM) and MBS optical microscopy
(OM). The chemical composition of the compounds in
the coatings was analyzed by energy dispersive spectrom-
eter (EDS). The hardness was measured using HXD-1000
digital microhardness tester with a load of 200 g. Sliding
wear were tested using MM-200 wear test machine with a
load of 200 N in oil lubrication condition. The rotational
speed is fixed at 200 r/min. A GCr15 ring was selected
as the wear couple. The weight loss was evaluated every
10 min using a BS210S electron balance with an accuracy
of 0.1 mg.

Table 1. Alloying Powder Components

Powder TiC C CaF2 Re

Mass Fraction /% 90 5 ∼ 6 2 ∼ 3 1 ∼ 2
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Fig. 1. XRD spectra of alloying layer.

Fig. 2. Secondary electron imaging of alloying coating.

Fig. 3. Optical micrograph of alloying coating.

3. Result and discussion
3.1 Microstructure

The XRD of the laser surface alloying composite coat-
ing is shown in Fig. 1. After laser surface alloying, the
composite coating mainly consists of TiC, Cr23C6 and γ
(austenitic) phase.

Typical microstructure of the laser surface alloying
composite coating is shown in Fig. 2. The compos-
ite coating has a very fine microstructure, in which
the particles of TiC and Cr23C6 distribute in γ-(Fe,
Ni)(austenitic) phase.

Figure 3 shows the microstructure characteristics of
the composite coating. Between the γ-(Fe, Ni) and TiC
carbide-reinforced composite coating, there are a lot of
columnar crystals, so the composite coating is metallur-
gically bonded to the AISI321 austenitic stainless steel
substrate.
3.2 Microhardness

Figure 4 indicates the microhardness versus the depth

Fig. 4. Microhardness distribution of alloying coating.

of the TiC carbide-reinforced composite coating. Because
of the high volume fraction of the hard primary TiC uni-
formly distributed in the composite coating, the average
hardness of the composite coating is up to 400HV, which
is 2.5 times that of the substrate.
3.3 Wear resistance

The sliding wear test results show the relative wear
resistance of the TiC carbide-reinforced composite coat-
ing is about 28 times higher than that of the as-received
austenitic stainless steel. A conclusion can be reached
that the TiC carbide-reinforced composite coating pro-
duced by laser surface alloying has excellent friction and
wear resistance at room temperature and in oil lubrica-
tion condition. Figures 5(a) and (b) are the worn surfaces
of the AISI321 austenitic stainless steel substrate and
TiC carbide-reinforced composite coating in the tribo-
logical properties test. The wearing test was performed
under a load of 200 N, rotating speed of 200 rpm, ambi-
ent temperature of 25 ◦C, and a 30-min testing with oil
lubrication. Figure 5(b) shows the worn surface is very
shallow, suggesting that wearing resistance is better than
that in Fig. 5(a). An appreciable improvement of wear
resistance was observed with a TiC carbide-reinforced
composite coating. As shown in Fig. 5(a),the worn sur-
face of the as-received AISI321 austenitic stainless steel
sample is very rough with numerous adhesive craters

Fig. 5. SEM micrographs of the worn surface of substrate (a)
and composite coating (b).



1772 CHINESE JOURNAL OF LASERS / Vol. 35, No. 11 / November 10, 2008

Fig. 6. Effect of time on the friction coefficient in the condi-
tion of the oil lubrication.

and deep ploughing grooves. On the contrary, the worn
surface of the TiC carbide-reinforced composite coating
is relatively much smoother, as shown in Fig. 5(b). In
the TiC carbide-reinforced composite coating produced
by laser surface alloying, the TiC carbides play an im-
portant role.

Figure 6 shows the effect of time on the friction
coefficient of the TiC carbide-reinforced composite coat-
ing and the AISI321 austenitic stainless steel as-received
samples under a load of 200 N and oil lubrication con-
dition. The friction coefficient of TiC carbide-reinforced
composite coating is lower than that of the AISI321
austenitic stainless steel as-received samples. The av-
erage friction coefficient of the TiC carbide-reinforced
composite coating is 0.0064, and the average friction
coefficient of the AISI321 austenitic stainless steel as-
received samples is 0.0185. It can be concluded that
the TiC carbide-reinforced composite coating produced
by laser surface alloying has excellent friction and wear
properties under sliding wear condition.

4. Conclusions
TiC carbide-reinforced composite coating was fabri-

cated on the substrate of AISI321 austenitic stainless
steel by laser surface alloying. The composite coat-
ing is composed of predominantly TiC, Cr23C6 and γ
(austenitic) phase. TiC and Cr23C6 carbides uniformly
distributed in γ (austenitic) phase. The composite coat-
ing, which has a high and uniform hardness distribution,
exhibits excellent wear resistance at room temperature
and in oil lubrication condition.

C. Xu’s e-mail address is hbgdxcq@yahoo.com.cn.

References

1. Stainless Steel Bars [M]. POSCO Specialty Steel Co.,Ltd.
18 ∼ 25 (2006).

2. C. Tassion, F. Laroudie, M. Pons et al.. Carbide-
reinforced coatings on AISI 316Lstainless steel by laser
surface alloying [J]. Surface and Coating Technology 76—
77 450 ∼ 455 (1995).

3. S. Tomida, K. Nakata, S. Saji et al.. Formation of metal
matrix composite layer on aluminum alloy with TiC-Cu
power by laser surface alloying process [J]. Surface and
Coating Technology 142—144 585 ∼ 589 (2001).

4. Y. F. Liu, J. S. Mu, X. Y. Xu et al.. Microstructure
and dry-sliding wear property of TiC-reinforced com-
posite coating prepared by plasma-transferred arc weld-
surfacing process [J]. Material Science and Engineer A
458, 366 ∼ 370 (2007).

5. W. Zhang and Z. Liu. Study on microstructure of in-
situ synthesis of TiC-Cr7C3-Ti-Ni metal-ceramics com-
posite coating [J]. Chinese J. Lasers (in Chinese) 35,
1091 ∼ 1094 (2008).

6. Y. S. Tian, C. Z. Chen, L. X. Chen et al.. Microstruc-
ture and wear properties of composite coatings produced
by laser alloying of Ti-6Al-4V with graphite and silicon
mixed powders [J]. Materials Lett. 60, 109 ∼ 113 (2006).

7. D. Zeng, C. Xie, Q. Hu et al.. Corrosion resistance
enhancement of Ni-resist ductile iron by laser surface al-
loying [J]. Scripta Mater. 44, 651 ∼ 657 (2001).

8. K. H. Lo, F. T. Cheng, C. T. Kwok et al.. Improvement
of cavitation erosion resistance of AISI316 stainless steel
by laser surface alloying using fine WC powder [J]. Sur-
face and Coatings Technology 165, 258 ∼ 267 (2003).

9. Y. Fu and A. W. Batchelor. Laser alloying of aluminum
AA6061 with Ni and Cr. Part II. The effect of laser
alloying on the fretting wear resistance [J]. Surface and
Coatings Technology 102, 119 ∼ 126 (1998).

10. Dariush Seyed Salehi. Sensing and control of Nd:YAG
laser cladding process [D]. SwinburneUniversity of Tech-
nology Melbourne, Australia, 29 ∼ 30 (2005).

11. M. Esfandiari and H. Dong. The corrosion and corrosion-
wear behavior of plasma nitrided 17-4PH precipitation
hardening stainless steel [J]. Surface and Coatings Tech-
nology 202, 466 ∼ 478 (2007).

12. X. Wang, M. K. Lei, and J. S. Zhang. Surface
modification of 316L stainless steel with high-intensity
pulsed ion beams [J]. Surface and Coatings Technology
201, 5884 ∼ 5890 (2007).

13. Jorge Simão, David Aspinwall, Fawzy El-Menshawy et
al.. Surface alloying using PM composite electron mate-
rials when electrical discharge texturing hardened AISI
D2 [J]. J. Mater. Proc. Technol. 127, 211 ∼ 216 (2002).

14. Peter Schaaf. Laser nitriding if metals [J]. Progress in
Material Science 47, 1 ∼ 161 (2002).

15. Mariana H. Staia, Lewis Brian, Jess Cawley et al.. Chem-
ical vapour deposition of TiN on stainless steel [J]. Surface
and Coatings Technology 76, 231 ∼ 236 (1995).

16. C. Liu and A. Leyland. Electrochemical impedance spec-
troscopy of PVC-TiN coatings on mild steel and AISI 316
substrates [J]. Surface and Coatings Technology 76—77,
615 ∼ 622 (1995).

17. H. C. Man, S. Zhang, F. T. Cheng et al.. In situ synthesis
of TiC reinforce surface MMC on Al6061 by laser sur-
face alloying [J]. Scripta Materialia 46, 229 ∼ 234 (2002).

18. C. Tassion, F. Laroudie, M. Pons et al.. Improvement
of the wear resistance of 316L stainless steel by laser
surface alloying [J]. Surface and Coating Technology 80,
207 ∼ 210 (1996).


