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ABSTRACT

Engineering based SME is considered as the nerve of Bangladesh economy by simultaneously creating jobs, poverty alleviation
and strengthening foreign currency reserve by reducing dependence on imported products for local industries. But this promising
industry is now facing roadblocks mainly due to poor quality under service loading. Though many new and advanced
manufacturing techniques are now available, but conventional sand casting is the most widely used manufacturing technique by
the spare parts manufacturer in Bangladesh. It is well established that mechanical properties (strength, toughness) of a material
are determined by its microstructure. Till to date, the microstructure characterization of engineering based SME products have
not been subject to much scrutiny. Therefore, in this paper an attempt has been made to systematically investigate the
microstructure of SME manufactured marine propeller using Optical microscope and Scanning Electron Microscope equipped
with Energy Dispersive Spectroscopy. Locally made marine propeller one supplied by ACBD company and one purchased from
the local market were used for this study. It was found that the microstructure of both materials mainly consists of pores, needle
shaped particles, and Chinese script like features embedded on the aluminum matrix. Based on EDS results it may be concluded
that the needle shaped particle is mainly composed of Si and Al. The average pore size in local material is about 1.5 times larger
than that of ACBD material. Today it is well established that the so called conventional particle fracture mechanism for ductile
fracture operates only after the maximum load applied in the alloys where as the presence of pores may exhibit premature growth
soon after the beginning of plastic deformation. Therefore, it may be inferred that ACBD material will have superior quality
compared to that of local material.

Keywords: SME, Al-Si Alloy, Microstructure, Composition, Porosity.

1. Introduction

Small and Medium Enterprises (SMEs) can be considered
as the nerve of Bangladesh economic development. This
section contributes as a solution to the country’s socio-
economic growth in terms of providing opportunities for
employment, alleviating poverty, and facilitating GDP
growth. The SME sector in Bangladesh is made up of
about 7.9 million enterprises and contributes
approximately 25% of the country’s gross domestic
product (GDP) [1-4]. According to the International
Cooperation Organization for Small and Medium
Enterprises in Asia (ICOSA), SME sector in Bangladesh
accounts for 35.49% of the total employment [5].
Unfortunately, after year 2000, SME sector began to lose
their business to an influx of imported components. In fact,
SME sector is mainly dealt by people who are called
“engineering artisan”, a vast pool of labor force coming
from an adverse socioeconomic condition with no formal
education but had commendable skills in producing and
repairing many manufacturing parts. Many SMEs start
with weak technological capability and their products are
unable to achieve quality certification. For example, an
SEM workshop in Bhaluka manufacture crankshaft for
buses and trucks. Sales were good as the price of the
product was much lower than that of an imported one but
the product was not tough and long lasting and broke
within six months. It has been identified that inferior
quality raw material was used to produce those crankshafts
and resulted low quality products [6]. It is worth
mentioning that in the past a number of studies have been
conducted mainly addressing (i) the role of SME in the
economy of Bangladesh [6-8], (ii) identification of
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problems and challenges facing SMEs in Bangladesh [2,
10-11]. Though several authors reported that the use of
poor quality raw material can be considered main
roadblocks in producing quality and reliable products, but
till date no research work has been carried out to
understand the quality, mechanical property under service
load, safety and reliability of the SME manufactured
products. Note that most of the spare parts manufacturer
used conventional sand casting method to fabricate parts
where scraps from the ship breaking industry is used as
raw materials [12-14]. Historically, secondary alloy is
considered of inferior quality to primary alloy due to
inclusion and lack of compositional control [15].
Therefore, strong and focused study needs to be performed
in order to improve the quality of the product.

Generally, the microstructural observation is considered as
one of the primary methods in evaluating the effect of
composition, production technique, deformation processes
of a product under service condition. Thus, in order to
optimize the performance of SME products in service, the
microstructure and their influence in the mechanical
properties must be well characterized.

Therefore, in this study, two dimensional
microstructural features of SME manufactured marine
propeller is evaluated using a combination of optical
microscopy and scanning electron microscopy (SEM).

2. Experimental Procedure

Locally made marine propellers with unknown
chemical composition were used in the present study. One
propeller is manufactured by Artisan Craft (BD) Limited
through sand casting process. Hereinafter, the material is
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referred to as ACBD material. The other propeller was
purchased from the local market and hereinafter the as-cast
material is referred to as local material. Note that both
propellers were made using sand casting from completely
recycled scrap material with unknown chemical
composition as well as sand casting processing
techniques. Specimens at location of 0.2R, 0.4R, 0.6R and
0.8R (R indicates the propeller radius) respectively were
extracted and polished using 600,800,100 and 1200 grit
emery papers. The specimens were then polished with 2.5
pm and 0.5 pm diamond paste. The finely polished
specimens were then etched using Kroll’s reagent [ 92ml
distilled water, 6ml HNO3 2ml HCI]. The etched samples
were then observed under Optical microscope (using a
Motic AE 2000 microscope) and scanning electron
microscope (TESCAN VEGA 3). Compositional analysis
was carried out using EDS.

3. Results

3.1 Microstructure observation

Fig. 1 shows the microstructure of both ACBD
material and local material under optical microscope.
Both samples clearly show the existence of pores and
acicular particles embedded in the aluminum matrix.

Fig. 1 Optical micrograph of samples showing the
microstructure observed: (a) ACBD material, (b) Local
material.

3.2 SEM analysis

Fig. 2 and Fig. 3 shows the microstructure of ACBD
material and local material, respectively, under SEM.
Careful observation revealed the existence needle shaped
particles (shown by blue arrow) and Chinese script like

features (shown by black arrow) is embedded in Al
matrix (shown by white arrow).

SEM HV: 20.0 kV WD: 12.56 mm VEGA3 TESCAN

View field: 166 pm Det: SE 50 pm
SEM MAG: 1.25 kx |Date(m/dly): 01/09/22 MPE, AUST

Fig. 2 SEM micrograph of ACBD material showing: (i)
acicular particles (blue arrow), (ii) Chinese script like
morphology (black arrow), (iii) matrix (white arrow).

VEGA3 TESCAN

SEM HV: 20.0 kV WD: 12.99 mm l r
View field: 55.3 pm Det: SE 10 pi

SEM MAG: 3.76 kx ‘Date(mld/y): 01/09/22 MPE, AUST

Fig. 3 SEM micrograph of local material showing:
(i) acicular particles (blue arrow), (ii) Chinese script like
morphology (black arrow), (iii) matrix (white arrow).

3.3 Porosity analysis

SEM micrograph of both samples clearly showed the
presence of pores of different size (Fig. 4). In the present
study, the SEM images were used for quantitative
analysis of pores. For this purpose, ImageJ version 1.53g
was used for analyzing the images. The pore area
measurement process involved two steps: (i) First, the
SEM images were calibrated using the scale bar at the
bottom of the image, (ii) then the boundary of the pore is
carefully selected using line segment. The measurement
(pore area, circularity, roundness, solidity) was then
analyzed using the “measurement” tool built in ImagelJ
and is tabulated in Table-1. It can be seen that though the
minimum pore area for both material is almost same,
however, the maximum pore area and the average pore
area differs greatly. The maximum pore area in local
material is about 3.4 time larger than that of ACBD
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material, whereas the average pore area in local material
is about 1.5 times higher than that of ACBD material.

SEM HV: 20.0 kV WD: 20.00 mm
View field: 1.40 mm Det: SE 200 pm
SEM MAG: 148 x  Date(m/dly): 12/27/21 MPE, AUST

VEGA3 TESCAN

I 2 A
SEM HV: 20.0 kV WD: 12.75 mm VEGA3 TESCAN
View field: 804 ym Det: SE 200 pm
SEM MAG: 258 x  Date(m/dly): 01/09/22 MPE, AUST

Fig. 4 SEM micrograph of samples showing the
presence of pores of different size observed: (a) ACBD
material, and (b) Local material.

Fig. 5 shows the frequency distribution of measured
pore area for both materials. It can be seen that pore area

distribution for both material is heavily skewed to the left.

Majority of the pore area is less than 32000 um?.

Table 1: Results of 2D image analysis of pores

Material
Parameter ACBD Local
material material
Maximum 33277 114467.97
area (um*)
Minimum area 22.32 24.42
(pm®)
Average 4975 423065
area(um®)
Average 0.474 0.61
circularity
Average 0.77 0.84
solidity
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Fig. 5 Variation of pore area in ABCB and local
material.

3.4 Particle analysis

As observed in Fig. 3 that the microstructure of both
the studied material consists of needle shaped particle
and Chinese script like features. In this section, the
morphology (i.e. particle area, circularity, roundness etc.)
needle shaped particles has been analyzed from SEM
images using Image J version 1.53g software. For particle
analysis, the calibrated SEM images were first converted
to 8-bit images and then 8-bit images were converted into
binary images using conventional thresholding in ImageJ.
The area of particles was then calculated. A detailed step-
by-step procedure to acquire particle data using ImageJ
is provided elsewhere [16-17]. The result is shown in
Table-2. It can be seen that local material has larger
particles compared to that of ACBD materials. The
average particle area in ACBD material is about
40.51um? whereas particle area of local material is about
48.83 pm?. Though the minimum particle area for both
material is almost same, however, the maximum particle
area in local material is about 1.22 times higher than that
of ACBD material.

Table 2: Results of 2D image analysis of particles

Material
Parameter ACBD Local
material material
Maximum 342.48 417.79
area (um*)
MInImUT area 103 955
(pm*)
Average 40.51 48.83
area(um®)
Average 0.37 0.32
circularity
Average 0.63 0.62
solidity

Fig. 6 shows the variation of needle shaped particle
area in ACBD material and local material, respectively.
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It can be seen that majority of the particle area is less than
150 pm?.
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Fig. 6 Variation of needle shaped particle area in ABCB
and local material.

3.5 Particle composition analysis

EDS analysis has been carried out to understand the
composition of particles in both ACBD and Local
material. Fig. 7 showed the EDS spectrum results and
elemental composition of ACBD material. Note that in
Fig. 7 the EDS spectrum results and elemental
composition of Spot 1, Spot 3, Spot 4 (marked in SEM
image Fig. 7(a)) is shown. Spot 2 and Spot 4 both are
located on the matrix, and showed almost identical
composition, whereas Spot 3 and Spot5 are on particles
and also showed almost identical composition. Therefore,
in Fig. 7 the EDS spectrum results and elemental
composition of Spot 2and Spot 5 is not shown. The
results clearly showed that the needle shaped particles in
ACBD material is mainly composed of Al-Si.
Fig. 8 showed the EDS spectrum results and the
corresponding element composition for local material. In
this case three representative spots labelled as Spot 1,
Spot 2, and Spot 3 of three different needle shaped
particle is shown only. The results clearly showed that
the needle shaped particles in local material is also
composed of Al-Si. Careful observation clearly revealed
that in local material the needle shaped particles contain
Cu, where as in ACBD material the element Cu is totally
absent. On the other hand, the needle shaped particles in
ACBD material contain a trace amount of Zn, Mg, and
Fe.

4. Discussion

In the present study, 2D microstructural features of
SME manufactured marine propeller is evaluated using
an Optical microscope and scanning electron microscope
equipped with energy dispersive spectroscope. Generally
Optical microscope is considered as one of the oldest
technique to acquire knowledge about general
microstructural features such as pore and particle
morphology and distribution but no information

regarding composition of constituent phases can be
achieved.

x Spot 1 Weight% | Atom%
c 1057 | 21.51
Mg 0.16 0.16
Al 2302 | 2086
Si 6585 | 5731
Fe 0.10 0.04
Zn 0.09 0.03
" Spot 3 Weight% | Atom%
c 807 17.01
o Mg [0.21 0.22
5 Al [14.40 13.51
' Si | 76.42 68.87
' Fe |0.17 0.08
o Zn [0.22 0.08
Spot 4 Weight% | Atom%
3.16 6.87
Mg |0.74 0.80
Al 93.55 9038
Si 1.73 1.60
Fe 0.09 0.04
Zn [0.40 0.16

Fig. 7 SEM image and EDS point analysis of
ACBD material.

In contrast, scanning electron microscope with EDS
can provide both particle morphology at fine scale as well
as composition of constituent phases. Our investigations
have clearly shown that both material showed the
presence of pores, with the average pore area in local
material is 1.5 times higher compared to that of ACBD
material (Fig. 1 and Fig. 4). Numerous casting defects
such as shrinkage, porosity is considered to the most
vexed topics of foundry industries. Parameters that could
affect the casting process induced defects are: (i)
Composition of Moulding sand, (ii) pattern quality, (iii)
mould thickness and design, (iv) temperature of molten
metal (pouring pre-heat), (v) timing (pouring, melt
holding, degasification), pouring velocity [18-19]. In this
Industry 4.0 era, product defect rate reduction is
considered as one of the most important Key
Performance Indicator. Hence numerous research has
been carried out around the globe to produce parts with
minimal defect rate. With an aim to reduce casting
defects thereby improving product quality, extensive
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amount of research has been carried out to optimize
various casting parameters, namely: (i) use of computer
aided manufacturing [20], (ii) effect of riser positioning
and heat dissipation rate on casting defects [21], (iii) use
of solidification simulation process for defect detection
and elimination [22], (iv) mould sand process parameter
analysis and its influence on casting defects [23], (v)
analysis of feeder system using FEM based software [24],
(vi) optimization of gating system [25], (vii) optimization
of process parameters such as pouring temperature,
moisture content, binder percentage [26], (viii)
application of machine learning [27].

s Spo[ 1 Weight% | Atom
i G 19.13 | 36.12
Al | 2225 [18.70
ol Si | 53.86 |43.49
= Cu 4.76 1.70
2a ©F
i
00K 13 REp— e
Lsec 300 \ 1
e (€) Spot 2 Weight% | Atom
sok| %
“oeK C 13.31 28.367
5 (¢} 10.72 17.15
Cula Al 40.06 38.02
| Si 392 | 357
% Cu 32 | 1290
| A o
s 1 26 ) = 5 1
2 Dt
=
usf (@) Spot 3
i Weight% | Atom
" %
= c | 2245 [4021
10
Al 11.64 9.28
Si 65.91 50.50

Det: Element C28

Fig. 8 SEM image and EDS point analysis of local
material.

This suggests that a thorough research needs to be
carried out to identify and classify the root cause
responsible for defective casting production. In the
context of Bangladesh, the manufacturer neither provide
any access to their production unit nor they provide any
information regarding their source of raw materials,
composition of raw material, therefore, it is almost
impossible to predict the causes that may be responsible
for the observed serious casting defects in both ACBD

and local material. It is well documented that porosity
leads to poor mechanical properties such as limited
strength and ductility, variation in fracture toughness,
irregular crack nucleation and crack propagation
characteristics, therefore, porosity is considered as one of
the major cause of rejection of the parts fabricated using
casting methods [28]. Porosity also severely affects the
fatigue life as well as fatigue strength [29-30]. Under
fatigue loading porosity acts as a preferential site for
fatigue crack nucleation, thereby reduces the crack
nucleation time, which finally resulted decreased fatigue
life of the component. On the other hand, fracture under
tensile loading in metals and alloys consists of three
steps: (i) void nucleation, (ii) void growth, and (iii) void
coalescence. It is now well known that the wvoid
nucleation on conventional ductile fracture involve
fracture of secondary particles, and/or debonding of
secondary particles at the interface [31-32]. The
conventional particle fracture mechanism take effect only
after the maximum applied load in the metals or alloys,
where as the presence of pores may exhibit premature
growth immediately at the beginning of plastic
deformation. Since the average pore size in ACBD
material is about 1.5 times smaller than that of local
material, it is reasonable to assume that ACBD material
will have better load carrying capacity.

4. Conclusion
From the microstructure and compositional investigation,
following conclusions can be drawn:

1. Microstructure of both materials consist of pores,
acicular particle, and Chinese script like features
embedded on the aluminum matrix.

2. EDS results clearly showed that the matrix is
mainly composed of Aluminum. The needle
shaped particles in ACBD material is composed
of mainly Al and Si with trace amount of Zn, Mg,
Fe, where as the needle shaped particle in Local
material is mainly composed of Al and Si with
trace amount of Cu.

3. The average pore size in ACBD material is about
1.5 times smaller than that of local material. The
conventional particle fracture mechanism take
effect only after the maximum applied load in the
metals or alloys, where as the presence of pores
may exhibit premature growth immediately at the
beginning of plastic deformation. Therefore, it is
reasonable to assume that ACBD material will
have better load carrying capacity
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