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For the purpose of studying the possibilities of increasing the wear resistance, keeping a high level of
corrosion strength, austenitic stainless steel specimens mainly containing 19.2%Cr and 9.4%Ni were two-
step surface alloyed using added materials (AMs) with hard particles of carbides (WC), nitrides (TiN),
and borides (TiB2). The simultaneous melting of AM and surface layer was performed by a CO2 continuous
wave laser on a numerically controlled X-Y table. On these specimens, the microstructural characteristics,
microhardness, and depth of the molten zone were determined, which allowed definition of the AM with
the best hardening effect. The research continued by two-step laser surface alloying of the same base
material with different effective AM quantities. The specimens were processed by continuous wave laser
radiation, by multiple-pass with 35% overlap. The alloyed layers were described by light optical microscopy,
x-ray diffractometry, flash spectrometry, and hardness measurement. The conditions to obtain compact
surface layers with 2.5 to 3 times higher hardness than the base material were determined.

a part of hydroxiethyl cellulose with three parts of powder withKeywords austenite stainless steel, borides, carbides, laser
the composition shown in Table 1.hardening, nitrides, surface modification

After paste covering and drying, the specimens were
mounted on a numerically controlled X-Y table and irradiated

1. Introduction by CO2 continuous wave laser, under argon protection. The
radiation power P 5 820 W, the laser beam diameter on the
specimen surface ds 5 1.2 mm (by a lens of 127 mm focalIn many industrial plants, for the processing and storing of
distance), and the scanning rate v 5 1, 3, and 5.5 mm/s werethe fluid materials, the hydrodynamic transport processes were
used. The microstructural characteristics, depth, and microhard-increased for economical reasons. The question that arises is
ness of the alloyed zone were determined on the specimen crossshould the parts made of austenitic stainless steel present not
section metallographically prepared by optical microscopy. Dif-only suitable corrosion strength, but also a higher strength to
ferent quantities were predeposited on the same base materialthe abrasive action of the complex environment where they
using the A. The specimens were mounted on the numericallyoperate? It is known that solid-state heat-treatment processes
controlled X-Y table and multiple-pass scanned with the ratecannot harden the austenitic stainless steel. Therefore, research
v 5 10 mm/s and the overlapping degree s 5 35%. The continu-works were conducted to determine the most effective methods
ous wave radiation was used with the power P 5 1300 W, theof surface hardening by local melting.[1,7] In this report, the
beam diameter ds 5 1.2 mm, and argon protection. The surfaceresults of the research works performed for the surface harden-
layers thus obtained were described by spectral analysis, x-ing of the austenitic stainless steel by simultaneous melting of
ray diffractometry, and hardness measurements (HV98). Thethe surface layer and several AMs with hard particles of carbides
metallographic analysis by light optical microscopy was per-(WC), nitrides (TiN), and borides (TiB2) are shown. The local
formed in the layer’s cross section.melting was performed using a CO2 continuous wave laser

provided with a numerically controlled X-Y table. For the labo-
ratory experiments, the light optical microscope with automatic

3. Results and Discussionsimage analysis, flash spectrometer, x-ray diffractometer, micro-
hardness meter, etc. was used.

The results of the metallographic analysis and the hardness
measurements made on single bands processed with different
scanning rates (P 5 820 W, and ds 5 1.2 mm) are shown in2. Methods Table 2, (A: austenite; E: interdendritic eutectic; P: pores; and
C: cracks). The analysis on the light optical microscope showed

The experiments for the determination of the hardening con-
ditions of austenitic stainless steel with 0.09% C, 1.7% Mn,
0.7% Si, 19.2% Cr, 9.4% Ni, and 0.4% Ti were made on plates Table 1 AM composition
of 50 3 40 3 20 mm3. The AM was made as paste by mixing

Composition in wt. %

AM code WC TiN TiB2 Co Si
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Fig. 1 The microstructure of the A2, B2, and C2 alloyed layers. 2% nital attack

Fig. 2 The variation of depth of the alloyed zone with the scan-
Fig. 3 The variation of hardness with the scanning ratening rate

Table 2 The metallographic analysis and the
in all the experimented regimes, the presence of nondissolvedhardness measurements
particles being noticed (Fig. 1). At high scanning rates, the
layers alloyed with the B AM showed pores and cracks. SuchRegime n Alloyed zone HV49 Microstructural
defects were present in all the layers alloyed with the C AM.AM code (mm/s) depth (mm) (MPa) characteristics

In Fig. 2 and 3, the variations of depth of the alloyed zone
A1 1 0.37 8640 A 1 E as well as its average hardness with a scanning rate are shown,

A A2 3 0.32 9680 A 1 E 1 WC and in Fig. 4 to 6, the microhardness variations with the alloyedA3 5.5 0.23 11,640 A 1 E 1 WC
zone depth for each AM and scanning rate are shown.B1 1 0.35 4200 A 1 E 1 TiN

The A AM provides the maximum alloying depth. Both WCB B2 3 0.26 7530 A 1 E 1 TiN, P, C
B3 5.5 0.18 9870 A 1 E 1 TiN, P, C and Co reduce significantly the specific heat of the stainless
C1 1 0.45 4110 A 1 E 1 TiB2, P, C steel and provide the highest surface temperatures, promoting

C C2 3 0.23 5740 A 1 E 1 TiB2, P, C
WC particle dissolution, and W, Co, and Si increase the thermalC3 5.5 0.15 6500 A 1 E 1 TiB2, P, C
conductivity of the melt. Formulas B and C especially result
in lower alloying depths. TiN and TiB2, particularly, increase
the specific heat of the melt and reduce the surface temperature
and, as a result, the dissolution degree of these particles. Thethat the A AM led to compact layers, with complete dissolution

of WC particles at the A1 regime, and WC recrystallized parti- HV49 hardness on the alloyed surface (Fig. 3) is maximum for
the formula A and minimum for the formula C.cles at A2 and A3 regimes, TiN and TiB2, proved a high stability
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Fig. 6 The variation of microhardness in the depth of the alloyed
Fig. 4 The variation of microhardness in the depth of the alloyed layer for C added material
layer for A added material

Table 3 The variation of the average chemical
composition and hardness with the quantity of
predeposited A AM

Chemical composition, %AM quantity 3 HV98

1023 g/cm2 C Si Cr Ni W Co Ti (MPa)

. . . 0.09 0.7 19.2 9.4 . . . . . . 0.40 1920
35 0.97 1.4 16.3 8.3 16.5 0.9 0.14 5000
56 1.39 3.2 15.9 8.2 21.5 1.2 0.10 6340
71 1.43 3.5 15.9 8.2 21.8 1.3 0.04 6550

v 5 28 min21; 1; 1; and 0.5—pointed out the presence of the
following phases: Cr23C6, Cr7C3, Fe3C, Fe3W3C, Fe2W, Fea,
Feg, W2C-b, WC, and Co2C in each layer.

For AM 535 3 1023 g/cm2, the chemical homogenization
of the melt favors the occurrence of Cr7C3 and Cr23C6 carbides,

Fig. 5 The variation of microhardness in the depth of the alloyed while for AM 5 56 3 1023 g/cm2, only Cr23C6 forms. The
ayer for B added material increase of the AM quantity is followed by the increase of the

martensite quantity, WC, W2C, Fe3W3C, and Cr23C6 with a
hardening effect. The variation of the maximum value of the
relative intensity with the diffraction angle for AM 5 56 3
1023 g/cm2 is shown in Fig. 7.As a result, the experiments of hardening the austenitic

stainless steel in the surface layer were developed with the General views of the microstructure in the cross section of
the laser-alloyed layers are shown in Fig. 8 for AM 5 35 3A AM.

In Table 3, the quantity of predeposited AM, the average 1023 g/cm2, AM 5 56 3 1023 g/cm2, and AM 5 71 3 1023

g/cm2, respectively. An increase of the melting depth instabilitychemical composition, and hardness obtained on the surface of
the multiple-pass melting layer are presented. Compared to the with the increase of the predeposited quantity is found. Also,

the increase of the AM predeposited quantity caused the empha-hardness measured in the alloyed layer resulting from single
scanning, lower values determined by the self-tempering phe- sis of the microstructure finishing degree both in the center and

at the base of the cross section of the alloyed zone (Fig. 9nomena, corresponding to the 35% overlapping degree, were
obtained in the multiple-pass scanning alloyed layers. and 10).

With the increase of the hard phase content of carbide- andThe phase qualitative analysis by x-ray diffraction in CuKa,
U 5 25 A; I 5 15 mA, with the variation of diffraction angle intermetallic compound type, the hardness of the alloyed layer

increased 2.5 to 3 times compared with the base material.2u in the range 15- to 1208 and rotation speed of the goniometer
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Fig. 7 The variation of maximum value of the relative intensity with the diffraction angle

Fig. 8 The microstructure in the cross section. 2% nital attack

and smooth alloyed layers can be obtained, showing average4. Conclusions
hardnesses up to 5 times higher than the base material.

Due to the self-tempering effects determined by the multiple-
By laser surface alloying using the two-step procedure with pass scanning with 35% overlapping, layers alloyed with the

the AM consisting of one part hydroxiethyl cellulose and three same AM have average hardnesses of 2.5 to 3 times higher
parts powder with 73% WC 1 12% Co 1 15% Si, continuous than the base material. With the increase of the predeposited AM
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Fig. 9 The microstructure in the center of the cross section. 2% nital attack

Fig. 10 The microstructure at the base of the cross section. 2% nital attack
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