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In the present study, attempts have been made to develop SiC dispersed (5 and 20 wt pct) AISI
316L stainless steel matrix composite by direct laser cladding with a high power diode laser.
Direct laser cladding has been carried out by melting the powder blends of AISI 316L stainless
steel and SiC (5 and 20 wt pct) and, subsequently, depositing it on mild steel (0.15 pct C steel) in
a layer by layer fashion to develop a coupon of 100 mm?* x 10 mm dimension. A continuous,
defect-free (microcracks and micro- or macroporosities), and homogeneous microstructure is
formed, which consists of a dispersion of partially dissolved SiC (leading to formation of very
low fraction of Cr3C, and Fe,Si) in grain-refined austenite. The microhardness of the clad layer
increases from 155 VHN to 250 to 340 VHN (for 5 wt pct SiC dispersed) and 450 to 825 VHN
(for 20 wt pct SiC dispersed) as compared to 155 VHN of commercially available AISI 316L
stainless steel. The corrosion rate in 3.56 wt pct NaCl solution is significantly reduced in
5 wt pct SiC dispersed steel; however, 20 wt pct SiC dispersed steel showed a similar behavior as
the commercially available AISI 316L stainless steel. The processing zone for the development

of a defect-free microstructure with improved properties has been established.
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I. INTRODUCTION

AISI 316L stainless steel is used as a structural
material in the oil and gas industry, refineries, and
chemical and petrochemical plants."’ However, the wear
resistance property of AISI 316L stainless steel is
poor."! Dispersion of hard ceramic particles in the
metallic matrix has received considerable interest due to
improvement of strength, stiffness, and wear resistance
as compared to their monolithic counterparts.””! A high
power laser beam may be used as a source of heat to
melt material in the form of powder/wire and, subse-
quently, deposit it on a substrate in a layer by layer
fashion and build the predetermined shape of the
component, known as direct laser cladding.[3] The
advantages of laser processing over conventional tech-
niques include a faster processing speed, relative clean-
liness, a very high heating/cooling rate (10° K/s), high
solidification velocity (up to a maximum of 30 m/s),
scope of automation and formation of an exotic
composition/microstructure, and even metastable and
glassy phases. A high power laser beam has been
extensively used to disperse ceramic particles on the
surface of metallic substrates.’) Cheng er al™ studied
the dispersion of ceramic particles (WC, Cr,Cs, SiC,
TiC, CrB, and Cr,O3) on austenitic stainless steel UNS
S31603 using a laser surfacing technique. Thawari
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et al®) surface alloyed medium carbon steel with silicon
carbide using a high-power CO, laser with a consider-
able improvement in wear resistance. Woldan ez al.l*!
studied the macrostructure of laser surface alloyed mild
steel with SiC. Buytoz and Ulutan!” coated SiC particles
on the surface of austenitic stainless steel using the
tungsten inert gas based weld overlaying technique,
which led to complete dissolution of SiC with the matrix
and formation of dendritric microstructure with precip-
itation of M,C; primary carbide and improvement in
hardness to 550 and 750 HV. Li er al™ studied the
effect of laser surface clad 30 pct SiC + 70 pct Ni on the
microstructure and wear resistance of steel substrate.
Dutta Majumdar er al”) reported the improvement in
wear resistance of AISI 304 stainless steel by laser
composite surfacing with SiC. Tassin ez al.'” hardened
the surface of AISI 316L stainless steel by preplacing a
layer of Cr;C,, Cr, Ti, and SiC and subsequently
irradiating with a 300 W Nd:YAG laser. The surface
alloys were composed of austenite (y) dendrites sur-
rounded by a y-M-C; eutectic (M = Fe or Cr); their
microhardness ranged from 380 to 450 HV.

Attempts at laser-assisted fabrication of AISI 316L
stainless steel have already been made by Pinkerton and
Li,'"" who studied the influence of pulse frequency
and duration on the microstructure, surface roughness,
and hardness of fabricated 316L stainless steel using
pulsed wave CO, laser. Arcella e al.'? studied the laser-
assisted forming of titanium. Srivastava e al.'* reported
on the direct laser fabrication of Ti48AI12Mn2Nb alloy
and established the role of process parameters on the
microstructure of the fabricated product. A homoge-
neous and refined microstructure was achieved, and
thermal stability of the microstructure was established.
Dutta Majumdar er al.l'*'3 studied the effect of laser

VOLUME 40A, DECEMBER 2009—3001



parameters on the microstructures and properties of
direct laser clad AISI 316L stainless steel and found an
enhancement in microhardness and corrosion resistance
of the fabricated component. In this regard, it is relevant
to mention that, though direct laser cladding has been
successfully applied to develop metals/alloys, the tech-
nique has not been extensively studied for the develop-
ment of metal-matrix composites. Recently, Wang
et all'® reported the development of compositionally
graded TiC dispersed Ti-6Al1-4V metal matrix composite
by direct laser cladding with decreased volume fraction of
TiC from the surface toward the core.

In the present study, attempts have been made to
develop a silicon carbide dispersed AISI 316L stainless
steel metal matrix composite by direct laser cladding.
Following fabrication, a detailed characterization of the
fabricated layer has been undertaken and properties
such as hardness and corrosion resistance have been
studied in detail. Following a detailed correlation
between the microstructures, phases, microhardness,
corrosion resistance of the fabricated parts, and laser
parameters, the optimum processing zone for the
development of a defect-free microstructure with
improved properties has been established.

II. EXPERIMENTAL PROCEDURE

In the present study, gas-atomized powder blends of
AISI 316L stainless steel (particle size of 45 to 60 um)
and SiC (particle size of 25 to 40 yum) in the weight
ratio of 95:5 and 80:20 were used as feedstock material.
A Laserline diode laser with mixed 810- and 940-nm
wavelengths, at a ratio of 1:1 (maximum power of
1.5 kW) and with optical fiber beam delivery system
(with a spot size of 3.5 x 2 mm?), was used for
processing. Fabrication of the layer was conducted by
melting the feedstock powder (delivered by an external
powder feeder) using laser deposition of the melt on the
mild steel in a layer by layer fashion to build a coupon of
dimensions 20 mm x 20 mm x 10 mm. The entire pro-
cess was carried out using Ar as the shrouding environ-
ment (at a flow rate of 6 L/min) to avoid oxidation
during lasing. The substrate was mounted on a CNC
controlled X-Y sweeping stage, and a relative speed
between the laser beam and substrate was maintained to
ensure the area coverage and a finite time of interaction
between the laser beam and powder. Figure 1 shows the
schematic of the direct laser cladding technique used in
the present study. The main process variables for the
present study were applied power (700 to 1100 W), scan
speed (3.5 to 7.5 mmy/s), and powder feed rate (60 mg/s)
at an argon flow rate of 5 L/min. Table I summarizes
the detailed process parameters used for direct laser
cladding. Following fabrication, a detailed microstruc-
tural study of the top surface and cross section of the
fabricated component was conducted by optical micro-
scopy. The microstructure of each layer at different
locations and the interface between two layers were
carefully observed at a higher magnification using scan-
ning electron microscopy. Composition analysis of the
fabricated layer was carried out using energy-dispersive
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Fig. 1—Schematic of the direct laser cladding technique.

Table I. Summary of Laser Parameters Employed for Direct
Laser Cladding

Applied Scan
Power Speed

Solution Composition (W) (mm/s)

1 5 wt pet SiC dispersed 700 35t0 7.5
AISI 316L stainless steel

2 do 800 35t07.5

3 do 900 35t0 7.5

4 do 1000 4.5t07.3

5 20 wt pct SiC dispersed 700 3.5t0 7.5
AISI 316L stainless steel

6 do 800 35t07.5

7 do 900 35t07.5

8 do 1000 35t07.5

spectroscopic (EDS) analysis using ZAF correction.
Phases present in the build-up layer were analyzed by
the X-ray diffraction technique using a PHILIPS* X-ray

*PHILIPS is a trademark of FEI Company, Hillsboro, OR.

diffractometer and Cu as target material (wave-
length = 1.5405 A). The microhardness of the fabri-
cated layer was measured using a Vicker’s microhardness
tester with an applied load of 100 g and correlated with
process parameters.

Finally, the pitting corrosion behavior of direct laser
clad SiC dispersed AISI 316L stainless steel was com-
pared with that of the as-received stainless steel by
calculating the corrosion rate derived from the potentio-
dynamic anodic polarization study in a 3.56 wt pct NaCl
using standard calomel electrode as the reference elec-
trode and platinum as the counter electrode.'” Polari-
zation was carried out from —500 to + 5000 mV(SCE) at
a scan rate of 2 mV/s. A Tafel plot!!” was constituted
from the logarithm of the current density value as a
function of voltage. The slope of the Tafel plot in the
linear region in the anodic direction is referred to as the
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anodic Tafel constant and that in the cathodic direction is
called the cathodic Tafel constant. Corrosion current
(icorr) Was determined from the intersection of these two
linear plots. Subsequently, the pitting corrosion behavior
was determined by measuring the primary potential for
pit formation, E,,; (the potential at which there is a
sudden rise in current density with a small increase in
potential).

III. RESULTS AND DISCUSSION

In the present section, a detailed characterization of
the fabricated parts and its properties are presented.

A. Characteristics of the Clad Layer

In the present study, a detailed observation of the
optical, scanning, and transmission electron micro-
graphs of the top surface and cross section of direct
laser clad layers was undertaken to study the morphol-
ogy, grain size, and defect density of the fabricated
components, and the effect of laser parameters on them.
Figure 2 shows the scanning electron micrograph of the
top surface of SiC dispersed (5 wt pct) AISI 316L
stainless steel lased with a power of 700 W and scan
speed of 7.5 mm/s. The microstructure consists of
dispersion of SiC in grain-refined AISI 316L stainless
steel matrix. The interface between SiC particles and the
matrix is defect free; i.e., it is free from any porosity or
microcrack. From Figure 2, it is also evident that there
is a marginal dissolution of SiC particle from the
interface. The dissolution is evident from the irregular
shape of the particle (from its initial globular shape) and
marginal decrease in particle size. The microstructure of
the matrix is predominantly dendritic in nature with an
average interdendritic secondary arm spacing ranging
from 3 to 10 um for different conditions of lasing.
Increase in applied power and decrease in scan speed are
found to coarsen the microstructure. Figures 3(a) and
(b) show the scanning electron micrographs of the top
surface of direct laser clad AISI 316L stainless steel
dispersed with 20 wt pct SiC lased with a scan speed of
7.5 mm/s and at a power of (a) 700 W and (b) 900 W.
From Figure 3, it is clear that the microstructure
consists of a very high volume fraction of fine precip-
itates containing silicon carbide and iron silicides
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Fig. 2—Scanning electron micrograph of the 5 wt pct SiC dispersed
AISI 316 stainless steel lased with a power of 700 W and scan speed
of 7.5 mm/s.
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(as evident by X-ray diffraction analysis). Furthermore,
there is a coarsening of microstructure and decrease in
volume fraction of SiC particles (predominantly due to
dissolution of SiC) with an increase in applied power. A
detailed EDS spot analysis at the grain and along the
grain boundary regions of Figure 3(a) are summarized
in Table II. From the elemental distribution in grain and
along the grain boundary region, it may be noted that
the grain boundary regions are enriched in Cr and Si.
Hence, the bright network interconnecting the grain
boundary is due to the presence of very fine silicon
carbide (SiC), chromium carbide (Cr3;C,), and iron
silicide (Fe,Si), which is also confirmed by X-ray
diffraction analysis. In this regard, it is relevant to note
that dissolution of SiC into Si and C occurs at 1200 °C
and forms iron silicides having different stoichiometry
when it is in contact with molten iron.'®'”) Hence, it
may be concluded that the grain boundary precipitates

10 pm

Fig. 3—Scanning electron micrographs of the top surface of direct
laser clad AISI 316L stainless steel dispersed with 20 wt pct SiC
lased with a power of (¢) 700 W and (b) 900 W and scan speed of
7.5 mm/s.

Table II. Composition Distribution along the Grain
and Grain Boundary Regions in Figure 3(a)

Composition (Wt Pct), Percentage
Error: 0.1 Pct

Position Si Cr Fe Ni Mo
Grain nil 18 70 8 4
Grain boundary 10 22 56 8 4
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Fig. 4—High-resolution transmission electron micrograph of the
direct laser clad AISI 316L stainless steel dispersed with 20 wt pct
SiC lased with a power of 700 W and scan speed of 7.5 mm/s.

are predominantly of iron silicide, silicon carbides, and
chromium carbide. Figure 4 shows the high-resolution
transmission electron micrograph of 20 wt pct SiC
dispersed AISI 316L stainless steel lased with a power
of 700 W and scan speed of 7.5 mm/s. From Figure 4, it
may be noted that the microstructure consists of
nanograined silicon carbide; the corresponding SAD
pattern is embedded in the micrograph. A significant
refinement of SiC particle size following laser processing
is possibly by a dissolution and reprecipitation process
due to a very large cooling rate achieved during laser
processing.

Apart from grain morphology, grain size plays a
crucial role in determining the properties of a compo-
nent. Laser power and scan speed both play roles in
determining the final grain size of the developed parts.
In the present study, a detailed investigation of the
influence of laser parameters on the grain size/interden-
dritic secondary arm spacing is undertaken. Figures 5(a)
and (b) show the variation of average grain size or
secondary dendrite arm spacing of the fabricated
coupon with scan speed at an applied power of 800,
900, and 1000 W in (a) 5 wt pct SiC and (b) 20 wt pct
SiC dispersed AISI 316L stainless steel. From Figure 5(a),
it may be noted that grain size decreases with increase in
scan speed. Refinement of microstructure with increase
in scan speed is mainly due to a rapid quenching rate.
A similar trend was also noticed in direct laser clad AISI
316L stainless steel with 20 wt pct SiC dispersion
(¢f. Figure 5(b)). However, a comparison between
Figures 5(a) and (b) shows that a finer grain size was
obtained for 20 wt pct SiC dispersed AISI 316L stain-
less steel as compared to 5 wt pct SiC dispersed AISI
316L stainless steel when lased under the same param-
eters. On the other hand, increasing applied power
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Fig. 5—Variation of average grain size in direct laser clad (a)
S wt pct and (b) 20 wt pct SiC dispersed AISI 316L stainless steel
with scan speed at an applied power of 800 W (plot 1), 900 W (plot 2),
and 1000 W (plot 3).

increases the grain size of the fabricated coupons in
direct laser clad SiC dispersed AISI 316L stainless steel
(in both 5 and 20 wt pct dispersions). Increased grain
size of the fabricated coupon with increase in applied
power is due to a decreased rate of cooling when
applying a higher power during melting of powder.
Apart from microstructure, microstructural homogene-
ity plays an important role in producing uniform
mechanical and electrochemical properties of the fabri-
cated layer. In direct laser clad layer, variation of grain
size at different positions of the fabricated layer is a
commonly encountered problem. The average grain size,
though, shows an average trend; grain size was highly
refined at the near surface region but coarser at the
interface between two successive layers. The variation of
grain size in the same sample is attributed to (a) the
differential rate of cooling at different zones (i.e., a
maximum cooling rate at the surface and minimum at
the intermediate region), (b) the heat extraction from the
newly developed layer to the underlying substrate
(annealing of the first layer due to the heat extraction
from the second layer), and (c) the annealing of the
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overlapped zone due to overlapping. The range of grain
size (difference between the maximum and minimum
grain size) was chosen as a measure of the degree of
homogeneity in the microstructure; the lower the grain
size range, the more homogeneous is the microstructure.
The range of grain size was found to vary with the
combined influence of applied power and scan speed.
Figures 6(a) and (b) summarize the effect of laser power
and scan speed combinations on the grain size range of
direct laser clad SiC dispersed AISI 316L stainless steel
with (a) 5 wt pct and (b) 20 wt pct SiC dispersion. From
Figure 6(a), it is clear that in direct laser clad AISI 316L
stainless steel with 5 wt pct SiC, the range of grain size
varies with a close range of 4 to 5 um except for a few
combinations of applied power and scan speed. How-
ever, no specific trend was observed to conclude the
individual influence of applied power and scan speed on
the range of grain size (¢f. Figure 6(a)). Figure 6(b)
represents the variation of range of grain size at different
combinations of applied power and scan speed for direct
laser clad SiC (20 wt pct) dispersed AISI 316L stainless
steel. From Figure 6(b), it is clear that the range of grain

25 L
£ o @
2 20} £ £
< £ £
Q 0 ™
5 < ~
151L o
;g @ % @ £
a £ @ E £
& 10r2 ~ o
w £ -
c 0
§ slo
0]
0
800 900 1000 1100
Power (W)
(a)
16
£
£
12 [ 33 g W
o 2 £ g
2 E £
E ¢ 0 5
<+

7.2 mmis

Grain Size Difference, um
SN (o]
T

800 900 1000
Power (W)

(b)

Fig. 6—Bar chart showing the range of grain size at different combi-
nations of applied power and scan speed in direct laser clad («)
5 wt pet SiC and (b) 20 wt pct SiC dispersed 316L stainless steel.
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size varied within a very close range of 6 to 7 um,
though a minimum size range (2 to 4 um) was observed
at the combination of a high power and a high scan
speed. An increased average grain size range in
20 wt pct SiC dispersed steel (6 to 7 um) as compared
to the 5wt pct SiC dispersed one (4 to 5 um) is
attributed to the presence of a large quantity of
dispersions (silicon carbide, chromium carbide, and iron
silicide) in the former leading to a large fluctuation in
thermal history with position as compared to the latter.

Figure 7 shows the X-ray diffraction profiles of
commercially available AISI 316L stainless steel (curve
a) and direct laser clad 5 wt pct SiC dispersed (curve b)
and 20 wt pct SiC dispersed (curve ¢) AISI 316 stainless
steel with power of 700 W and scan speed of 7.5 mm/s.
A close comparison between curves a and b in Figure 7
shows that there is a presence of SiC and only a few
Cr;C, along with y-stainless steel in direct laser clad
5 wt pct SiC dispersed AISI 316L stainless steel. How-
ever, the presence of a few Fe,Si peaks was also
observed in the X-ray diffraction profile of direct laser
clad 20 wt pct SiC dispersed AISI 316L stainless steel
(curve ¢). From the X-ray diffraction profiles, it may be
concluded that SiC particles were partially dissociated
and there was formation of a measurable quantity of
Cr3C, and Fe,Si phase in the microstructure. In this
regard, it is relevant to mention that the formation of
different silicides of iron, mainly Fe,Si, Fe;Si, and FeSi,
based on the Si content in the system, has been reported
in the literature.'*** Laser surface alloying and cladding
of stainless steel SiC composite have also revealed the
formation of Cr,Cs phases.?!! Thawari et al.™ reported
the formation of C 1,Feq79Sig 09, FesSi, FesSi, Fe,Cs,
and Fe;C phases while laser surface alloying of SiC on
medium carbon steel. However, laser processing under
the present set of parameters could avoid complete
dissolution of SiC particles, as was observed by other

studies while laser surface alloying or cladding with
§iC [4.5.2021]
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Fig. 7—X-ray diffraction profiles of commercially available AISI
316L stainless steel (plot a) and direct laser clad SiC dispersed,
5wt pct (plot b) and 20 wt pct (plot ¢) AISI 316L stainless steel
lased with a power of 700 W and scan speed of 7.5 mm/s.
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B. Properties of the Clad Layer

Figures 8(a) and (b) show the variation of average
microhardness in the clad zone of direct laser clad (a)
Swtpct and (b) 20 wt pct SiC dispersed AISI 316L
stainless steel with scan speed at an applied power of
800, 900, and 1000 W. The average microhardness of the
clad layer increases to as high as 340 VHN as compared
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Fig. 8—Variation of average microhardness of the clad zone in
direct laser clad (a) 5 wt pct and (b) 20 wt pct SiC dispersed AISI
316L stainless steel with scan speed, at an applied power of (1)
800 W, (2) 900 W, and (3) 1000 W.

to 155 VHN of commercially available AISI 316L
stainless steel in 5 wt pct SiC dispersed AISI 316L
stainless steel. From Figure 8(a), it is observed that the
microhardness of the clad layer increases with an
increase in scan speed, which is attributed to grain
refinement and a lesser extent of SiC dissolution. From
Figure 8(b), it may be noted that the microhardness of
the direct laser clad 20 wt pct SiC dispersed AISI 316
stainless steel varies between 300 and 800 VHN depend-
ing on the laser parameters. A close comparison between
Figures 8(a) and (b) shows that the hardness achieved in
20 wt pet SiC dispersed AISI 316L stainless steel was
significantly higher than 5 wt pct SiC dispersed AISI
316L stainless steel. The improved microhardness in
20 wt pet SiC dispersed AISI 316L stainless steel is
attributed to the presence of an increased volume
fraction of SiC and an increased extent of dissociated
SiC. Increased hardness of the clad layer with scan
speed is predominantly due to grain refinement. From
Figure 8, it is also evident that the average micro-
hardness of the clad layer decreases with an increase in
applied power. The decrease in microhardness with the
increase in applied power is possibly due to grain
coarsening at an increased power. The increasing
microhardness of the clad coupons is attributed to
dispersion of SiC and precipitations of Cr,C; and Fe,Si
in the microstructure.

The electrochemical behavior of the SiC dispersed
AISI 316L stainless steel fabricated coupon was evalu-
ated in a 3.56 wt pct NaCl solution and compared with
as-received AISI 316L stainless steel. Table III summa-
rizes the electrochemical parameters of as-received and
direct laser clad 5 wt pct SiC dispersed AISI 316L
stainless steel lased for different conditions of lasing
derived from polarization study in Hank’s solution.
From the corrosion rate, the general corrosion behavior
of the component may be predicted. From Table III, it
is seen that the corrosion rate is significantly reduced in
S wtpet SiC dispersed AISI 316L stainless steel as
compared to conventionally available AISI 316L stain-
less steel in almost all processing conditions. Further-
more, the corrosion rate increases with an increase in
scan speed. Increasing the scan speed causes refinement
of the microstructure and a high volume fraction of SiC,
increasing the numbers of anodic sites and interface as a
result the corrosion rate increases. The presence of
dissociated Si may cause an improvement in corrosion
resistance. On the other hand, in direct laser clad
20 wt pct SiC dispersed stainless steel, the corrosion rate
is almost equivalent to the as-received AISI 316L

Table III. Summary of Corrosion Behaviors of SiC Dispersed AISI 316L Stainless Steel

Applied Power Scan Speed Corrosion Rate
Sample Details (W) (mmy/s) (mm/year)
AISI 316L stainless steel — — 2.5 x 1072
5 wt pet SiC dispersed AISI 316L stainless steel 700 to 1000 3.5 0.15 x 102 to 1.2 x 1072
4.5 0.15x 107 to 2.1 x 10°
7.5 1.0 x 102 t0 2.75 x 1072
20 wt pct SiC dispersed AISI 316L stainless steel 700 to 1000 3.5 2.5 %x 1072
7.5 2.6 x 1072
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stainless steel and was not found to vary significantly
with laser parameters.

IV. PROCESS OPTIMIZATION

From the present investigations, it is revealed that
process parameters (laser power and scan speed) play an
important role in determining the characteristics (micro-
structures, phases, and composition) and properties
(mechanical and electrochemical) of the direct laser clad
zone. Figure 9 shows the processing regime for direct
laser cladding of SiC (5 and 20 wt pct) dispersed AISI
316L stainless steel, which shows the combinations of
laser power and scan speed for the formation of a defect-
free and homogeneous microstructure. If the applied
power is too low or scan speed is too high, it causes
inadequate melting. On the other hand, at a very high
applied power or too low a scan speed, there is
evaporation and crater formation. However, the micro-
structures and properties of the fabricated coupons
showed a wide variation depending on the choice of
applied power and scan speed combinations. From the
average trend of the variation of microstructures and
properties with laser parameters, the overall processing
regime for direct laser clad SiC dispersed AISI 316L
stainless steel was divided into two zones, as shown in
Figure 9. The corresponding properties of the clad layer
are summarized in Table IV. From Table 1V, it may be
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Fig. 9—Processing zone for direct laser cladding of SiC dispersed
(5 and 20 wt pct) AISI 316L stainless steel.

noted that, in 5 wt pct SiC dispersed AISI 316L stainless
steel, at a combination of low power and high scan
speed (zone 1), there will be microstructural refinement,
increased hardness, and an improved corrosion resis-
tance (as compared to commercially available AISI
316L stainless steel). On the other hand, a combination
of high power and low scan speed leads to coarsening of
microstructure, decreased hardness, and a higher corro-
sion resistance. However, corrosion resistance was
always higher or equivalent to as-received AISI 316L
stainless steel in this case. In the case of 20 wt pct SiC
dispersed AISI 316L stainless steel, though, grain size
and microhardness followed a similar trend (with
process parameters) as compared to 5 wt pct SiC
dispersed AISI 316L stainless steel; however, corrosion
resistance in the direct laser clad sample was almost
similar to the conventionally available AISI 316L
stainless steel and was not influenced much with laser
parameters. In this regard, it is relevant to mention that
a maximum improvement in mechanical properties is
achieved when lased at an applied power of 700 W and a
scan speed of 7.5 mm/min for both 5 and 20 wt pct SiC
dispersed AISI 316L stainless steel.

V. SUMMARY AND CONCLUSIONS

In the present study, the detailed study on direct laser
clad SiC (5 and 20 wt pct) dispersed AISI 316L stainless
steel has been carried out with a power of 700 to
1100 W, scan speed of 3 to 8§ mm/s, and powder feed
rate of 60 mg/s (at an argon flow rate of 5 L/min). From
the present study, the following conclusions may be
drawn.

1. A continuous, defect-free, and homogeneous micro-
structure is formed, which consists of partially dis-
sociated SiC, Cr;C,, and Fe,Si (only in 20 wt pct
SiC dispersoids) in grain-refined austenite. Grain
size increases with increase in applied power and
decrease in scan speed.

2. Average microhardness of the clad layer decreases
with increase in applied power and increases with
increase in scan speed. The microhardness of the
clad layer increases as high as 250 to 340 VHN (for
5wt pct SiC) and 450 to 800 VHN (for 20 wt pct
SiC dispersed) as compared to 155 VHN of com-
mercially available AISI 316L stainless steel. The
improved hardness is attributed to dispersion of
SiC and precipitations of Cr,C; (in both 5 and
20 wt pct  SiC dispersion) and Fe,Si (in only
20 wt pct SiC dispersion) in the microstructure.

Table IV. Properties in Different Regions of Figure 9

Corrosion Rate

Sample Grain Size Microhardness (mm/year)
5 wt pet SiC dispersed AISI 316L stainless steel zone | 4t05.5 300 to 340 1.0 to 2.75 x 1072
zone II 6t09.5 245 to 290 0.15t0 1.0 x 1072
20 wt pct SiC dispersed AISI 316L stainless steel zone | 3.5t0 4.1 650 to 825 2.6 x 1072
zone 11 451055 450 to 600 2.5 x 1072
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3. The corrosion rate in Hank’s solution is signifi-
cantly reduced in 5 wt pct SiC dispersed AISI 316L
stainless steel. However, in 20 wt pct SiC dispersed
AISI 316L, a similar corrosion behavior is observed
as in commercially available AISI 316L stainless
steel.

4. The optimum process parameters corresponding to
a maximum improvement in hardness (for both 5
and 20 wt pct SiC dispersed AISI 316L stainless
steel) were the following: applied power of 700 W
and scan speed of 7.5 mm/min.
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