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ABSTRACT 

The Challawa river bed sand commonly used by Kano founders was analyzed. Various additives were mixed with 

the sand and analyzed with the aim of determining an optimum mix in preparing molding sand that can produce a 

very good sand casting.  The physical properties were investigated based on the addition of various percentages by 

mass of water and Kaolin clay. The result of the test show that the Challawa river sand mixed with 4% water and 

20% clay produces a molding material with a good range of properties that can result in a good casting. This mix is 

thus recommended for use of founders.      

 

SIGNIFICANCE:  

These include; Improvement in casting practice, effective reduction of the production of scraps, reduction of 

environmental problems and conservation of foreign exchange, production of machine parts with good surface 

finish, closer tolerance and dimensional accuracy. 

 

KEYWORDS: Permeability, Clay Content, Green Compressive strength, Green Shear Strength, Dry Compression 

Strength, Dry Shear Strength, Bulk Density, Moisture Content, Particle size (Sieve) analysis, 

Mouldability Index, and Compactability 

 

1.0 INTRODUCTION 

A sand mold consists of mixture of sand, binders and other auxiliary materials all in various proportions depending 

on the size of the casting and metal to be cast. There are generally two types of sands, naturally bonded and 

synthetic.  

The foundry industry in Nigeria has not developed to any extent. There is a need for a systematic investigation and 

evaluation of available raw materials for foundry industry in Nigeria. Due to lack of sound technological 

development in the country, the demand for casting is restricted to items generally used in unmachined state. It is 

important to note that the largest foundry in Kano produces only 10-12 tonnes/month instead of its built capacity of 

9-10 tonnes/day. 

The aim of the work is to develop an optimum sand-mix for moulding, using the Challawa river sand and local 

binders for casting purposes.  

The scope of the research work include: the experimental analysis of the physical properties of the synthetic 

Challawa river bed sand. The same sand as received was kept constant and analyzed based on addition of various 

percentage of Kaolin clay and tempering water. 

 

2.0 LITERATURE REVIEW 

Sand is an aggregate material resulting from disintegration of rocks and consists of loose tiny minerals or rocks, 

which are not larger than 2.00mm or smaller than 0.003mm diameter. Foundry operation is a process of 

manufacturing machine and other parts by pouring molten metal into mold whose cavities are a replica of the shape 

of the final product Asuquo and Jama(1991). 

A foundry is a commercial outfit for founding. The products so manufactured are called castings. Castings were first 

made during the period 4000–3000 BC. Thereafter various processes were developed over a long period of time, 

each with its own characteristics and applications Kalpakjina, et-al. (2001). 
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Of all casting techniques, sand casting is the most ancient, cheapest and most important especially in a developing 

country like Nigeria Asuquo, and Jama (1991). Because of sand resistance to high temperature, almost all metals can 

be cast using sand casting. Sand casting account for about 90% of the total turn out of cast products Umar (2001). 

Sand, as the most important material in sand casting makes it possible in any foundry to see a pile of ingot or scrap 

metal converted to an array of working metal parts, often in a matter of hours Arbor (1962). A survey of some major 

foundries around Lagos and Ibadan Sengal et-al (1984) revealed that majority of them are not using any standard 

sand from a particular source constantly. 

Abba (1979) carried out an investigation on glass industry, the results were equally relevant to foundry because sand 

contains high proportion of silica concluded that sand particles need to be washed and graded before use in a 

mechanized foundry. Okah et al (1983) investigated the properties of different sands in Nigeria and concluded that 

Bachita sand with its low clay content and grain size could be used in Delta Steel Company foundry shop 

The investigation of some basic properties of foundry sand from selected locations in North Western Nigeria, 

Usman (1991) indicated that Birnin Kebbi sand was the finest sand of all, while Katsina sand was the coarsest. Only 

few of the investigated sand deposits were of the grain fineness number (GFN) of between 42 and 48 suitable for 

large castings. Umar, (2001) assessed suitability of Challawa river bed sand for foundry purpose and found that it 

could be used for foundry practice after purification. 

The foundry characteristics of Alkaleri and Gombe foundry sand was investigated by Muhammad, (2003), and were 

found to be suitable for non-ferrous castings only, thereby limiting their application in sand casting practice. 

A parallel investigation in glass industry operation on Challawa river sand deposits revealed that the sand contain 

high proportion of silica and as such needed to be upgraded for mechanized foundry application Abba, (1979) 

 

3.0 METHODOLOGY 

The methods adopted in generating data for the research include a review of existing literature on foundry 

technology, sand casting, binders and other related researches, and experimental analysis on physical properties of 

various sand molds made from Challawa river bed sand and Kaolin clay as binder at National Metallurgical 

Development Centre (NMDC) Jos. The properties analyzed include: Permeability, Clay Content, Green 

Compressive strength, Green Shear Strength, Dry Compression Strength, Dry Shear Strength, Bulk Density, 

Moisture Content, Particle size (Sieve) analysis, Mouldability Index, and Compactability. 

3.1 Experimental Procedure 

a. Sieve Analysis:  One hundred grams of the sample was placed in a sieve. This was shaken for 15 minutes 

on a shaking device and the weight of the sand particles retained on each sieve was measured. With this 

results, grain fineness number (GFN) was evaluated.  

b. Clay Content: A 50g sample of dried sand was placed in a beaker and washed in a solution of 475ml 

distilled water with 3% NaOH and stirred for 5 minutes. The mixture was allowed to settle for 10 minutes, 

the suspension of clay formed was siphoned out. 

c. Permeability:  Is the property of molding sand which enables air or gas to escape through. A 50mm x 

50mm test specimen, in the specimen tube was fixed on the permeability tester. Air at constant pressure 

was passed through a selected orifice on the specimen tube into the sand specimen. Standard permeability 

was measured as the time necessary for 2000cm
3
 air to pass through the standard specimen. 

d. Moisture Content: It is very important to monitor the amount of moisture in a molding mixture to ensure a 

good casting. The Speedy Moisture Tester was used for the test. A sample of the mixture was weighed on 

the Speedy Moisture Tester weigh balance. The sample and a small quantity of calcium carbide was then 

placed in a calibrated container and shaken for two minutes, and later for one minute. A measurable amount 

of acetylene gas proportional to the amount of the sand moisture was produced. 

 

  2H2O + CaC2      C2H2 + Ca (OH)2    

e. Compactability: This is the ability of the sand to be compacted effectively to uniform density. It is based 

on the movement of the mixture particles from the fourth and fifth blows of the rammer used in the 

production of the standard compression test specimen. An arbitrary scale was assigned to this movement, 

with the zero level corresponding to maximum flowability, this assume that compaction of a highly 

flowable material is fully accomplished by earlier rammer blows. 

f. Compression Strength: This is obtained by applying a uniformly increasing load on a 50mm x 50mm 

mold specimen fixed between two self aligning compression heads on the universal testing machine. The 

point on the scale at which the specimen crushes is the compression strength in N/m
2
. 
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g. Shear Strength: It is obtained in the same way as compression strength by changing the holding devices so 

that load is applied on the diametrically opposite halves of the two plane surfaces of the specimen. The 

point on the scale at which fracture occurs on the specimen is the shear strength of the mold.  

h. Moldability: This is the sand mold property that determines the nature of its flow into a mould. It measures 

the amount of temper water required to produce a good molding mixture. A sample was placed on the 

opening of a rotary screen and the sample was brushed unto the screen. The timer was set for 10 seconds 

and the rotary screen was allowed to riddle the sand for ten seconds. The catch pan was used to collect the 

sand passing through the screen.    

 

4.0 RESULTS 

The results obtained from experiments carried out on the synthetic Challawa river bed sand based on 4%, 8%, 12%, 

16% and 24% clay at percentages of tempering water ranging from 2%, 3%, 4% and 5%, keeping the sand constant. 

The percentages were selected based on the fact that the molds cannot be formed outside the specified ranges of clay 

content and water content. The results are shown on the Tables 1, 2, 3, 4 and 5. 

4.1 Discussions  

a. Sieve Analysis: The result of the sieve analysis is presented in Table 1.This shows the degree of basic 

fraction of sand. The particles are uniformly distributed as such the sand has a good interlocking ability. 

The percentage weight retained between four consecutive sieves is 66.07% which indicates that it has a 

high basic fraction. This agrees with the findings of Usman (1999). 

The GFN of 48.51 was obtained; this indicates that the sand shall suitably be used for heavy non-ferrous 

casting and ferrous metal castings as well. 

b. Clay Content: The 58% clay content of Challawa river bed sand indicated that the sand is almost clay free 

and as such is good for synthetic foundry sand Umar, (2001). 

c. Permeability: The permeability decreased with increase in amount of clay. Increase in tempering water has 

less effect on permeability. Permeability of 80 and above would permit gases and steam to pass through the 

mold during the solidification of metals. 

d. Compactability: In table 2, the compactability remained the same i.e 17.5 with 2% water; this shows that 

the amount of water was too low to make any difference in compactability. There was reasonable decrease 

with increase in percentage of tempering water, with some little fluctuations as shown in tables 3, 4, and 5. 

This shows that the sand can be rammed comfortably into any molding box. 

e. Bulk Density: Bulk density was affected by compactability, because different weight of mold mixtures 

could be compressed to the same standard specimen. The result shows that Bulk density rises with increase 

in clay content. 

f. Green Compression/Shear Strength: The green compression strength gave a satisfactory result.  It is 

above the minimum range of 24.0x10
3 

N/m
2
 as shown in table 5. It can be seen that the green compression 

strength dropped at 24% clay with 5% moisture content. This is a clear indication that beyond this point, 

the excess water causes a weak link in the bond and lowers the strength. The shear strength gave an 

acceptable molding strength at 24% clay (tables, 3, 4 and 5). The shear strength was 11.03x10
3
 N/m

2
 at 

20% clay, which is above the minimum required shear strength of 10.03x10
3
 N/m

2
. 

g. Dry Compression/Shear Strength: This determines the strength of the mold. It is more important for 

large castings but not suitable for mass production. It depends on the temperature and time taken for drying. 

The highest value of DCS obtained was 644.68x10
3
N/m

2
 at 4% and 24% water and clay content 

respectively. 

h. Moldability Index: The result of moldability test indicated moderate values, showing that the kaolin clay 

does not bond the sand particles very effectively during the riddling on the screen of the moldability tester. 

i. Moisture Content: The moisture content decreases with increase in clay content as shown in Tables 2 & 3. 

This is because the clay absorbs water to about four times its own weight, which obviously causes it to 

swell. Asuquo (1991). 
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Sample Identification:  Challawa River Sand  

Shape:    Angular Grains  

Color:    Light Brown  

Shaking Time:   15 Minutes  

 

Table 1: Particle Size Analysis (Sieve Analysis) of Challawa River Sand  

 

S/N Aperture 

(microns) 

ASTMS 

No. 

Weight 

Retained (g) 

% Weight 

Retained 

Cumulative 

% Retained 

Product 

(%) 

1. 1400 14 8.81 8.81 8.81 000 

2. 1000 18 5.51 5.51 14.32 77.14 

3. 710 25 6.95 6.95 21.27 125.10 

4. 500 35 8.03 8.03 29.30 200.75 

5. 355 45 10.23 10.23 39.53 358.05 

6. 250 60 15.83 15.83 55.36 712.35 

7. 180 80 22.45 22.45 77.181 1347.00 

8. 125 120 17.56 17.56 95.37 1404.80 

9. 90 170 3.63 3.63 99.00 435.60 

10. 63 230 0.67 0.67 99.67 113.90 

11. -63 Pan -230 Pan 0.33 0.33 100.00 75.90 

Clay Content of Sand  = 0.58% 4850.59 

   

Grain Fineness Number, (AFS)   =  4850.59 

            100         

=   48.51 

 

Table 2: Result of Properties of Molding Mixtures with 2% H20 and Sand Constant  

S/N Clay 

(%) 

Permeab

ility 

Moisture 

Content 

(%) 

Bulk Density 

(Kg/m3) x 103 

Compactabil

ity (%) 

GCS 

(N/m2) 

x 103 

GSS 

(N/m2) 

x 103 

DCS 

(N/m2) 

x 103 

DSS 

(N/m2) 

x 103 

Moldability 

Index  

1. 4 165 1.50 1.61 17.5 Neglible Negligible ND ND 22.92 

2. 8 125 1.60 1.63 17.5 26.90 - 69.00 17.23 22.92 

3. 12 90 1.50 1.68 17.5 40.00 4.83 62.10 27.60 22.92 

4. 16 80 1.50 1.70 17.5 52.40 6.21 ND 31.02 22.92 

5. 20 75 1.20 1.71 17.5 71.71 7.58 ND ND 22.92 

6. 24 75 1.10 1.71 17.5 71.71 9.00 ND ND ND 

 

Table 3: Result of Properties of Molding Mixtures with 3% H20 and Sand Constant. 

S/N Clay 

(%) 

Permeability Moisture 

Content 

(%) 

Bulk 

Density 

(Kg/m3) 

x 103 

Compactability 

(%) 

GCS 

(N/m2) 

x 103 

GSS 

(N/m2) 

x 103 

DCS 

(N/m2) 

x 103 

DSS 

(N/m2) 

x 103 

Moldability 

Index  

1. 4 120 2.80 1.58 33.33 29.62 4.83 151.70 34.48 23.32 

2. 8 150 2.30 1.61 30.83 32.41 5.52 289.60 41.37 23.32 

3. 12 125 2.10 1.67 29.17 46.20 6.21 317.17 48.27 23.32 

4. 16 80 2.00 1.69 29.17 71.01 6.90 268.91 18.62 23.32 

5. 20 78 1.80 1.68 27.31 84.81 8.96 296.50 44.82 23.32 

6. 24 70 1.70 1.68 26.67 99.28 10.34 510.23 44.82 23.32 

 

 

Table 4: Result of Properties of Molding Mixtures with 4% H20 and Sand Constant. 
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S/N Clay 

(%) 

Permeability Moisture 

Content 

(%) 

Bulk 

Density 

(Kg/m3) 

x 103 

Compactability 

(%) 

GCS 

(N/m2) 

x 103 

GSS 

(N/m2) 

x 103 

DCS 

(N/m2) 

x 103 

DSS 

(N/m2) 

x 103 

Moldability 

Index  

1. 4 205 3.8 1.63 - 23.44 4.14 206.85 46.20 22.14 

2. 8 180 2.9 1.63 39.17 37.23 4.98 393.02 86.81 22.14 

3. 12 130 2.7 1.65 32.50 53.78 6.90 406.80 58.61 22.14 

4. 16 93 2.7 1.67 35.00 57.91 9.65 568.84 75.85 22.14 

5. 20 83 3.1 1.69 32.50 98.60 9.65 496.44 58.61 22.14 

6. 24 65 3.2 1.71 32.50 109.63 12.41 644.68 79.30 22.14 

Table 5: Results of Properties of Molding Mixtures with 5% H20 and Sand Constant. 

S/N Clay 

(%) 

Permeability Moisture 

Content 

(%) 

Bulk 

Density 

(Kg/m3) 

x 103 

Compactability 

(%) 

GCS 

(N/m2) 

x 103 

GSS 

(N/m2) 

x 103 

DCS 

(N/m2) 

x 103 

DSS 

(N/m2) 

x 103 

Moldability 

Index  

1. 4 190 4.2 1.63 33.33 24.13 6.21 334.41 58.61 22.35 

2. 8 150 3.4 1.63 33.33 27.58 4.83 275.80 58.61 21.65 

3. 12 122 3.4 1.65 48.33 55.16 6.21 613.66 86.19 23.3 

4. 16 92 3.9 1.67 39.17 75.85 8.27 482.65 72.39 23.3 

5. 20 70 3.8 1.68 38.33 102.74 11.03 66.68 86.19 23.3 

6. 24 60 3.3 1.71 30.00 100.67 12.41 66.68 79.29 23.3 

 

KEYS 

ND -    Not Determined  

GCS  -    Green Compression Strength 

GSS -    Green Shear Strength    

DCS -    Dry Compression Strength  

DSS -    Dry Shear Strength  

 

 

5.0 CONCLUSIONS 

From the result of the castings carried out using various proportions of  mixtures above, the mold composition made 

up of 4% H20 and 20% clay was found to have best surface finish, dimensional accuracy and good collapsibility. It 

is therefore recommended that this composition mix based on Challawa river sand should be used by founders in 

order to produce castings with the above properties. 

Founders should be sensitized to utilize the optimum mix of molding materials to reduced expenditure on scraps and 

cleaning of castings resulting from the use of wrong composition of molding materials.  
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