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ABSTRACT  

The major factors determining the quality of sand casting products are the base sand and the composition of 
the sand mould and the binding material. In the foundry industry, the most commonly used binder for 
creating sand moulds is bentonite. However, the price of bentonite is likely to keep rising. This study aimed 
at discovering a new binder formula associated with the effect of binder composition i.e. bentonite, tapioca 
flour, and sago flour on the basis of its mechanical and physical properties. The new formula was expected 
to be a better binder in the production of sand moulds, resulting in high-quality casting products with 
minimal defects. Moreover, it is probable to be much more economical than bentonite. This research 
focused on testing the moulding sand composition with a number of different binders, i.e. bentonite, tapioca 
flour, and sago flour, each in a different proportion. The mixture of the moulding sand with each of the 
three binders will be tested in terms of its mechanical properties including compressive, shear, and tensile 
strength. Based on the test results, sago flour has the highest dry compressive strength of 28.6 N/cm2, 
whereas bentonite has the highest wet compressive strength, i.e. 11.83 N/cm2 and the highest wet shear 
strength i.e. 3.16 N/cm2. The binder with the highest dry shear strength is tapioca flour with 18.16 N/cm2. 
Regarding the tensile strength value, bentonite has the highest wet tensile strength of 0.85 N/cm2, while 
sago flour has the highest dry tensile strength of 1.73 N/cm2..  
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I. Introduction 
Rapid technological development has influenced an increased demand for productions, one of 

which utilises aluminium. As stated by [1], aluminium has been used in a wide variety of products 
ranging from household furniture to aircraft industry. [2] pointed out that aluminium is lightweight 
metal with good corrotion resistance. In addition to its corrotion resistance, low density, and good 
electrical conductivity, aluminium will posses superior physical and mechanical properties if it is 
combined with certain elements [3]. Some of those properties have made aluminium the most 
commonly used material in production industry. 

One of the production processes utilising aluminium is metal casting. Metal casting is the most 
important initial process in metal industry [4]. The casting process is performed by melting metals in 
the melting furnace, pouring it into a mould, and allowing it to solidity until it can be removed from 
the mould. [5] stated that metal casting is a process in which metals are melted into liquid at a 
certain temperature, and then poured into the mould prepared beforehand to form the desired shape. 

Casting systems and processes cannot be separated mould. In general, sand mould is the most 
popular among others types of moulds [6]. In manufacturing sand moulds, the sand is undergone a 
process of compaction [7]. Moulding sand is formed from a mixture of sand, binder and other 
additional materials. Moulding sand is the most frequently used component in metal casting process 
due to its low production cost, reusability, thermal resistance, ease of operation, and acceptable 
quality [8]. Sand mould casting process is carried out through several stages. The initial stage is 
placing pattern in the sand to form a mould cavity; molds are usually prepared by compressing the 
sand [6]. The next stages are as follows: creating a gating system, pouring molten metal into the 
mould, allowing the molten metal to solidify, breaking up the mould and removing the casting, and 
cleaning the casting product [8].  
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The process of metal casting is always associated with defective castings. A number of casting 
defects commonly occurred are uneven surface hardness, porosity and other defects caused by a 
collapsed mould. The major cause of defects in the casting process is the properties of the mould, 
such as low permeability, low compressive strength, low sintering point, and inappropriate sand 
grain distribution [9]. Furthermore, mould might affect the metal hardness and shape [4]. It is in line 
with [1] who stated that there are many factors influencing sand casting products, some of which are 
the composition of the mould and the design of the gating system; they should be meticulously 
determined to prevent the occurrence of defects and to obtain optimum casting products. 

Green sand casting is known for its low-cost production. However, due to its low-strength 
mould, casting defects can be found mostly in the products of green sand casting in which clay is 
used as the binder. In order to avoid the aformentioned shortcoming, dry sand can be used as a 
possible alternative, but it takes a long time for the casting to completely dry. Thus, as an attempt to 
produce a mould that can dry up a short time, this following step can be taken, i.e. by utilising a type 
of binder which has no drawbacks such as the emergence of gas defects, bad fire resistance, costly 
production, and complex mold production process. Several materials that can be used as special 
binders are water-glass, resin, cement, flour, and many more [10]. Binder, as a vital element in the 
composition of sand moulds, will affect the quality of casting products [11].  

In the present study, the researchers combined bentonite with two types of flour, i.e. tapioca flour 
and sago flour, as a binding agent of the moulding sand.  

This mixture was expected to generate a binder formula with a high level of binding that can 
minimise any potential defects in the casting products. The casting method employed was gravity 
casting due to the fact that it is a relatively easy and uncomplicated method since molten metal can 
be transferred into the entire extremities of the mould cavity only by the force of gravity [12-16]. 
Moreover, gravity casting produces succesful castings [17]. 

There has been a multitude of researches on the composition of moulding sand, one of which was 
conducted by [18]. Through his research, [18] found that the amount of moulding sand had an 
impact on the surface of the aluminium casting products which could be seen from the level of 
surface roughness. Another research, conducted by [19], showed that the level of clay contained in 
the moulding sand significantly affected the smoothness and the tensile strength of the casting 
products. [20] further pointed out that there was a difference in the permeability of mixtures 
containing various amount of water; the optimum permeability of a mixture containing 10.5% water 
was 0.233 gr/(cm2/min). In addition, there was an effect of different amount of water to the 
compressive strength; optimum compressive strength obtained from a mixture containing 9% water 
was 0.619 kN/cm2. There was an impact of the various amount of water in the mixture of green sand 
and bentonite on the permeability and the compressive strength of the moulding sand. The mixture 
of green sand with bentonite consisting 10% water resulted in the most optimum permeability of 
54.63 cm3/min and the compressive strength of 50.25 kN/m2. 

In addition to researches on the composition of moulding sand, there have been a number of 
previous researchers on the various types of moulding sand. One example was carried out by [21] 
who analysed the properties of green sand (silica sand, bentonite and water), molasses sand (silica 
sand, bentonite and molasses), and river sand (river Ceper sand and water). The findings suggested 
that green sand had the highest permeability of 19.5 cm3/min, whereas river sand had the lowest 
permeability of 1.5 cm3/min. The sand with the highest percentage of graphite was molasses sand 
with 24.6%, while the lowest was river with 16.26 %. Based on the measurement of graphite, green 
sand had the longest graphite particles with 79.7 μm, whereas river sand has the shortest with 31.38 
μm. In terms of the void quantity, the highest number was in river sand (0.65%) and the lowest was 
in green sand (0.47%). Furthermore, the matrix structure of green sand was ferritic while molasses 
sand was pearlitic. Green sand had the highest binding tension of 1.59 N/m2, but the lowest 
hardness of 89.42 HRB. On the other hand, molasses sand had the lowest of 1.43 N/m2 but the 
highest hardness 93.8 HRB. The surface of the casting product made of molasses sand was soft and 
bright, whereas the one made of river sand was rough and dark. Despite those distinctive properties, 
the three kinds of moulding sand possessed the same impact strength of 0.050 J/mm2. The macro 
images of each specimen showed that they displayed relatively the same fracture. 

Referring to the previous study on fluidity conducted by [28], it was suggested that the higher the 
pouring temperature and the thicker the casting is, the longer the fluidity is. This study examined the 
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effect of pressure to fluidity on ADC 12 using High Pressure DieCasting technique. The testing on 
fluidity was undertaken by employing Birmingham method and by means of several moulds in the 
form of plates with different thickness. 

Next, [13] has conducted a study on how the amount of bentonite contained in the moulding sand 
affects the surface evenness of the casting products and the tendency for aluminium defects. The 
finding of the micro structure test showed that the casting product with the smallest surface defect is 
the one made of a mould containing 8% of bentonite. The casting product made of Malang sand and 
containing 10% of bentonite displayed a number of defects: misrun and cold shut (causing molten 
metal unable to completely fill the mould cavity), sand inclusion, blow hole, pin hole, crush or drop 
(causing the form of fins, swells, and casting with inaccurate pattern), shrinkage, mould erosion, and 
rat tail. 

II. Method 
The design of this current study is pre-experimental, namely one-shot case study. The necessary 

data in the test of moulding sand’s compressive, shear, and tensile strength, and permeability was 
obtained by examining Malang sand in which binding matterials had been added. Each sample was 
duplicated three times. The testing samples have complied with with SNI 15-0312-1989. Several 
instruments to collect the necessary data were sand rammer, universal strength machine, electrical 
scale, and heater.  

The data analysis technique used in this research is descriptive analysis, which sheds light on the 
comparison of three groups of moulding sand specimens, each of which was given different binder 
in the process of moulding sand testing. The strength value of each group was averaged out, and the 
results were compared to the other groups. Then, the comparison results of each moulding sand 
testing were analysed.  

III. Results and discussion  
The tests in this study have revealed that bentonite has the highest wet compressive strength of 

11.83 N/cm2 and sago flour has the highest dry compressive strength of 28.6 N/cm2. There have 
been several notable researches that offer support for these findings. The research conducted by 
[22], for instance, showed that the addition amount of bentonite affected the compressive strength; 
the more bentonite was used, the higher compressive strength would be. This happened because an 
increased amount of bentonite would increase the production of silicon dioxide (SiO2) as well. Next, 
[4] argued that the amount of bentonite influenced the level of permeability and compressive 
strength. The more bentonite was added to the mixture of sand, the more pores within the sand 
grains were filled, resulting in a decreased permeability and an increased compressive strength.  [22] 
further pointed out in his research that there was an effect of the rise in the amount of bentonite on 
higher compressive strength. The lowest compressive strength of the specimen Type A without 
bentonite was 15.47 KN/m2 or 157.750 gr/cm2. The explanation of this finding is that if there is no 
addition of silicon dioxide (SiO2) to the moulding sand, then the compressive strength will be 
decreasing. The lowest compressive strength of the specimen Type D with 70 gr of bentonite was 
74.57 KN/m2 or 760.405 gr/cm2. In other words, the more bentonite was, the more silicon dioxide 
(SiO2) would be generated and hence the higher compressive strength. 

In metal casting industry, one of the top priorities is managing the cost of production in order to 
produce high-quality castings at minimum costs. [6] argued that not only the base sand but the 
binding agent should be reasonably priced to minimise the production cost. Bentonite is a binder 
which has the highest wet compressive strength but relatively costly. One viable alternative the 
researcher suggested is the use of a mixture of bentonite, tapioca flour, and sago flour. This mixture 
has 6.7 N/cm2 of compressive strength, which has fulfilled the acceptable standard i.e. 3.45-15.17 
N/cm2 [23]. 
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Table 1.  Results of Comparing Wet Compressive Strength and Dry Compressive Strength 

Binder Wet compressive strength 
(N/cm2) 

Dry compressive strength 
(N/cm2) 

Bentonite 11.83 12.16 
Tapioca Flour 5.06 25.16 

Sago Flour 4.9 28.6 
B 5% + TS 5% B 5% + TK5% 6.3 6.51 

B 5% + TS2,5% + TK 2,5% 6.7 7.51 
B2% + TS 4% + TK 4% 5.5 9.71 

 

A research on the use of bentonite mixed with Malang sand has been carried out and its findings 
showed that this mixture generated wet and dry compressive strength of 5.9 and 7.63 (N/cm2) 
respectively, wet and dry shear strength of 3.08 and 2.7 (N/cm2) respectively, and wet and dry 
tensile strength of 0.43 and 0.48 (N/cm2) respectively. The sand permeability using bentonite was 
190 [27]. A previous study conducted by [29] revealed that the use of different kinds of bentonite 
mixed with green sand affects the permeability level. The average permeability of using bentonite 
Ultra Bent–A, Ultra Bent–B and BK was 66.00, 76.00, and 60.00 respectively. Moreover, these 
different mixtures affected the strength of the moulding sand as well. The findings showed that 
different variation of bentonite produced unequal wet compressive strength; the average 
compressive strength generated by the use of Ultra Bent –A was 103.67  KN/m2,  Ultra Bent –B  
was 100.17  KN/m2, and BK was 78.40 KN/m2.  

In addition to a series of tests on wet compressive strength, the test  on dry compressive strength 
has been undertaken. The highest dry compressive strength of sago flour was 28.6 N/cm2. The sand 
being dried is more likely to have increasing strength than in wet condition because the water 
absorbed into the surface of sand grains is drained off [6]. 

The testing results of the wet and dry shear strength value are shown in the Table 2. Bentonite 
had the maximum wet shear strength with a value of 3.16 N/cm2, and a mixture of bentonite and 
sago flour had a value of 2.53 N / cm2. This mixture can be used as an alternative binder since its 
wet shear strength value has met the standard of acceptable shear strength of moulding sand i.e. 
1.04-4.83 N/cm2 [23]. 

The dry shear strength value has also been calculated and it was found that tapioca flour had the 
highest dry shear strength with a value of 18.16 N/cm2. The shear strength of the moulding sand is 
closely related to its strength when molten metal flows into the mould cavity. 

Table 2.  Comparison between Wet Shear Strength and Dry Shear Strength 

Binder Wet shear strength (N/cm2) Dry shear strength (N/cm2) 
Bentonite 3.16   5.86       

Tapioca Flour 2.13                                         18.16                                          
Sago Flour 2.18                                          6.9                             

B 5% + TS5% 2.53                                          3.1                                            
B 5% + TK 5%                    2.36                                           7.83                                          

B 5% + TS 2,5% + TK 2,5% 1.9 6.78 

Table 3.  Results of Comparing the Wet Tensile Strength and Dry Tensile Strength 

Binder Wet shear strength (N/cm2) Dry shear strength (N/cm2) 
Bentonite 0.7 0.75 

Tapioca Flour 0.85 1.73 
Sago Flour 0.52 0.53 

B 5% +STs 5% 0.48 0.6 
B 5% + Tki 5% 0.45 0.65 

B 5% + TS 2,5% + TK 2,5% 0.58 1.03 
B2% + TS 4% + TK 4% 0.35 1 
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The findings of the tests on wet and dry tensile strength are shown in Table 3. Tapioca flour has 
the highest value of both wet and dry tensile strength of 0.85 N/cm2 and 1.73 N/cm2 respectively. 
Upon this ground, a binder made of tapioca flour can serve as an effective alternative to bentonite 
due to fact that it has met the criterion of appropriate tensile strength i.e. 0.69-4.14 N/cm2. 
According to [6],  lack of tensile strength leads to the mould being fragile, while excessive tensile 
strength will prevent casting shrinkage, cause cracks, and lead to difficulty in breaking off the 
mould. 

A research on the use of tapioca flour as an alternative to bentonite done by [8] showed that the 
wet compressive strength of the moulding sand was 5.06 (N/cm2) and the dry compressive strength 
was 25.16 (N/cm2). Those values, in line with [23], were considered reaching the standard of 
acceptable wet compressive strength, i.e. 5-22 Psi or 3.45 to 15.17 N/cm2. Furthermore, the wet and 
dry shear strength of tapioca flour is 2.13 (N/cm2) and 18.16 (N/cm2) respectively, while the wet 
and dry tensile strength is 0.85 (N/m2) and 1.73 (N/cm2) respectively. According to [23], those 
numbers have already met the standard of adequate tensile strength, which is 1-6 Psi or 0.69 to 4.14 
N/cm2. The results of this study proved that tapioca flour can be used as an alternative to bentonite 
as a binder. 

Generally, tapioca flour has similar characteristics to sago flour. This is in accordance with the 
statement of [24] both tapioca and sago flour have adhesive properties and can form hard glue-like 
paste. Metal casting involving sago flour as an alternative binder has been sparsely performed. There 
has been done a research in which sago flour was used as a binder for briquetting; the result was of 
good quality. Sago flour contains a fairly large quantity of starch (80.4%) and for this reason, it has 
cohesive forces as a result of the starch gelatinization which is quite good [25]. Upon this principle, 
sago flour can serve as a viable option to be used as a binding material in metal casting. Another 
research was conducted by [26] on the effect of adding tapioca flour in the mixture of moulding 
sand to the mould strength and the quality of the Al-Si metal castings. Its findings suggested that the 
addition of 7.5% of tapioca flour to the mixture resulted in a casting product with the least   pinhole 
defect. 

IV. Conclusion 
The most important findings in this current study are summarized as follows: 

1. Among the three binders, bentonite has the highest wet compressive strength of 11.83 
N/cm2, whereas sago flour has highest dry compressive strength of 28.6 N/cm2. 

2. The binder with the highest wet shear strength is bentonite with 3.16 N/cm2, whereas the 
one with the highest dry shear strength is tapioca flour with 18.16 N/cm2.  

3. Regarding the tensile strength value, bentonite has the highest wet tensile strength of 
0.85 N/cm2, while sago flour has the highest dry tensile strength of 1.73 N/cm2. 
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