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Graphical abstract Abstract

Hardness vs Distance

Properties enhancement through surface modification has been established as a method

2500 to improve the dispersion quality of case hardening freatment. Improvement of dispersion
T ~ thickness layers resulted in properties enhancement of metallic material. This study
3100 e - investigates the effect of shot blasting parameters which are single (SB) and double (DB)
1400 sand blasting on boronizing dispersion layer of 304 stainless steel. Boronizing treatment is
S8RARREEREERAIAIE conducted using paste boron at temperature of 900°C for é hours holding time. The

dispersion layer measurement and phase identification were evaluated through optical
microscope and XRD analysis. Vickers hardness test and surface roughness analysis were
also conducted .The result shows that noticeable enhancement of dispersion layer
thickness was observed after conducting double sand blasting as compared fo single
sand blasting. Thicker dispersion layer leads to the increment of hardness value and also
enhancement in surface roughness properties.
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1.0 INTRODUCTION

dimensional accuracy is the main requirement. In
opposition fo that, high alloy steel such as stainless steels

304 stainless steel is the most versatile amongst all types
of stainless steel as it offers substantial welding
characteristics, corrosion resistance and forming ability.
The applications include compartment and casing for
food processing equipments, heat exchangers,
refrigeration equipments, kitfchen sink and sanitary
fittings. Thus it is essential for this stainless steel to possess
excellent properties such as high hardness and high
surface quality [1]. Inlow alloy steels, the establishment
of boronizing method has been extensively applied as
successful surface improvement method [2-4]. This
method is popular due to the advantages its offer such
as improving the hardness, wear and corrosion
resistances and also oxidation properties. Unlike
coating, boronizing is a surface diffusion method which
offers excellent benefits in  application where

suffer insignificant effects as high content of alloying
elements hinder the formation of boriding layers [5].
Previously, surface modification methods were
implemented on the surface of the substance before
conducting case hardening process such as
carburizing, nifriding and boronizing with the purpose of
allowing thicker diffusion layer [6-7]. Past study
evaluated the effect of shot peening as surface
modification treatment on nitrided 316 stainless steel.
The results show significant improvement on both wear
resistance and hardness properties as compared to
unfreated samples [8]. It was also found that the
properties of plasma-sprayed AISI 316L stainless steel
coating could be improved by roughening the
substance by blasting it with alumina grit [9].
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Although improvement of stainless steel properties had
been proven through surface modification in previous
studies, the effect of double shot blasting freatment has
not been investigated. Thus this study concentrates on
the effect of single and double shot blasting treatment
on the properties of boronized 304 stainless steel.

2.0 SAMPLE PREPARATION

The samples used for this study is 304 stainless steel with
carbon confent of 0.07 wi%, chromium content of
18.5% and nickel content of 8.0 wi%. Samples with
dimension of 10 mm diameter and 30mm in length were
prepared by cutting, grinding and polishing the
surfaces according fo the standard sample preparation
method. Single shot blasting surface treatment was
conducted using alumina composite having mesh sizes
of 50-100 pym with a velocity of 65 m/s for 15 minutes. For
double shot blasted samples, the method was
repeated with the same parameter after the samples
was once blasted. Both samples were then undergoing
boronizing and the required testing.

100.0 micron

(@)

3.0 BORONIZING TREATMENT

Boronizing tfreatment was conducted using Borax paste
medium at temperature of 900°C for 8 hours holding
time. The samples were coated with the boronizing
paste and placed inside the contfainer. Samples were
then heated inside the Carbolite electric muffle furnace
and let cooled inside the furnace.

4.0 EXPERIMENTAL TESTING

The thickness of the dispersion layer of the sand blasted
samples after boronizing was measured using Olympus
BX41M System metallurgical microscope. The samples
were hot mounted and grinded with sand papers with
roughness of 240 um to 1200 um before being polished
using 1 um to 9.5 um rotating polisher. Kaling no 2 was
used for etching process. Hardness values of single sand
blast sample and double sand blast samples were
measured using Vicker Hardness Testing Machine. Every
sample was indented with Tkg load at 17 spofts with a
gap of 0.5 mm. Surface roughness analysis was
conducted using Alicona 3D surface roughness
machine.

100.0 micron

(o)

Figure 1 Micrograph of boron dispersion layer of (a) SB and (b) DB boronized samples

5.0 RESULT AND DISCUSSION

Figure 1(a) and (b) shows the micrograph of single (SB)
and double (DB) shot blasted boronized stainless steel
samples. In both samples, the boride layer formed
contained a narrow saw tooth structure of FeB and Fe2B
phases, similar to past literatures. The formation of these
phases will act as protective layer to the substance. For
SB sample, the dispersion layer measurement s
approximately 53.5 microns and for DB sample, the
measurement is 87.2 microns, which is an improvement
of more than 60%. Boron dispersion rate is higher in DB

samples as compared to SB samples, proven by the
increment of the boronizing dispersion thickness layer. It
was stated that for 304 stainless steel samples, the
dispersion layer could not exceed 50 microns due to the
presence of alloying elements that have hindered the
formation of FeB and Fe2B phase[5]. By implementing
surface deformation through shot blasting, the thickness
of dispersion layer obtained in this study had achieved
more than 50 microns, which is the minimum thickness
layer that could provide substantial protection to the
surfaces as compared to other case hardening method
.Further increment in thickness layer was achieved by
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conducting double shot blasting process. Double sand
blasting creates more surface deformation on the
surface, allowing higher penetration of boron dispersion
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layer. The existences of Boron Iron (Fe2B) phase and Iron
Boride (FeB) phases were verified through XRD analysis
at 28 angle of 30 ° to 120°, shown in Figure 2.
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Figure 2 XRD analysis of (a) SB and (b) DB boronized 304 samples

Figure 3 shows the hardness of SB and DB samples
applied on 5.0 mm measured distance on the sample
cross-section. It can be observed that the hardness
decreased from the distance of 0.0 mm which is from
the outer surfaces of the samples, up to 5.0 mm,
moving inwards the material substances. FeB layer
produced the highest hardness value as compared to

Fe2B which produced the lowest hardness value.
However, the hardness value of DB sample is higher
than SB sample as the formation of boride layer is
thicker in the samples. Boron addition to metallic
material has proven to improve the hardness value
[10-11].
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Figure 3 Hardness values of all types of samples
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Figure 4 Surface roughness morpology of (a) SB and (b) DB boronized samples

Figure 4 shows the surface roughness morphology for
SB and DB samples. DB sample produce a lower Ra
value which is 0.293 pm while SB sample produce a
higher Ra value which is 0.595 um. The particles shots
impact on the 304 stainless steel creates imperfection
on the sample surface, thus resulting in the formation
of a rough surface. However, a longer treatment
initiates more impacts exerted on the material and
thus yields more nanocrystallites onto the surface. The
presence of more nanocrystallifes therefore
decreases surface roughness [7]. Previous research
has also shown that double shot peening on nitrogen
austenitic stainless steel has increased the surface
roughness approximately up to 0.4 microns [9].

6.0 CONCLUSION

A study to investigate the effect of shot blasting
parameters which were single (SB) and double (DB)
sand blasting on boronizing dispersion layer of 304
stainless steel was conducted. The results obtained
showed that using DB blosting resulted in an
improvement of 40% for dispersion layer thickness, and
an increase in surface hardness value when
compared to SB due to the thicker layer formed.
Surface roughness of DB blasting samples also
decreased indicating smoother surface as compared
to SB samples.
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