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ABSTRACT 
 

The foundry properties of Bachirawa sand deposit located in Dawakin Tofa Local Government Area of Kano 

State was investigated. The sourcing of good foundry sand is one of the problems in foundry operations, in 

most cases foundry sand had to be transported from locations with good quality sand towhere the foundry 

plants are located.This problem had forced many foundry operators to locate their foundry closer to the source 

of this very important raw material. Sand samples were collected from the deposit and test specimens were 

prepared for investigation of foundry properties such as strength, permeability, compactibility, flowability, 

plasticity, bulk density, collapsibility, refractoriness, grain size etc. The results of the investigation revealed 

that Bachirawa sand possess the following properties: grain fineness number of 111.76, green compression 

strength of 90.35kN/m2, green shear strength of 19.3kN/m2, dry compression strength of 4726.5kN/m2, dry 

shear strength of 531.3kN/m2, permeability of 220Ws, flowability of 98.4%, bulk density of 1.81g/cm3, 

shattered index of 82.9%, clay content of 12.48%, compactibility of 50.9% and refractoriness between1400oC 

to 1450oC. The result also revealed that the sand is high silica sand with 80.75% silica, 4.17% alumina, 2.54% 

iron, 0.11%calcium oxide and 0.03% magnesia. The sand can be considered to be fine sand based on its grain 
fineness number  which is above 100 in ranking of American Foundry Society. Based on the values of the 

strengths obtained, the sand can be considered good for sand moulding such as sand casting of non-ferrous 

metal such as aluminum products and cast iron machine components.  
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1. INTRODUCTION 
 

The Latitude and Longitude of Bachirawa is 

12.0643 and 8.4664 respectively (Trip Plannerz, 

2016). Bachirawa sand is found in Gangaren-dutse 

village in Dawakin Tofa local government area of 

Kano state (Plate 1). The sand deposit has been 

used for many years by the local foundry men. The 

sand is used for casting various kitchen and 

household utensils and small-scale industrial 

products of various sizes without the use of 

binding agents. The sand is round, of fine-grain, 

reddish in colour and natural bounded clay 

composition. The shortcomings of products cast 

with Bachirawa sand include reduced casting 

quality, increased process variation, and moulding 

inefficiency. Other problems, which lead to 

inconsistent properties of the castings, such as high 

scrap rate and rework products, have also been 

reported. These problems had forced many 

foundrymen, who were formerly using this sand, to 

abandon it and look for alternative sand deposits. 

The literature has shown that the sand had been 

used for several years for casting but yet no proper 

study of the foundry properties such as bulk 

density, flowability, permeability, shattered index 

etc is reported. The current research is aimed at 

assessing the suitability of the sand for foundry 

purposes.The study will provide information on 

properties of the sand that will clear the doubt on 

moulding inefficiencies suspected of the sand and 

ascertain the suitability of the sand for foundry 

operations.. 
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Pate 1: Bachirawa sand deposit site 

 

 

 

2. MATERIALS AND METHODS 
 

2.1 Sample collection and preparation 
The properties required in the moulding materials 

for casting depends upon the weight and 

composition of the casting and upon the moulding 

practices to be adopted, this is partly governed by 

quantity and quality of the casting requirements. 

Foundry properties are developed by blending sand 

or other refractories with binding materials, water 

and special additives. General properties of 

foundry sands are chemical properties, physical 

properties and mould characteristics of the sand 

(ASM, 1980). 

Two 25 kg bags of sand sample were collected 

from the deposit site. One bag of the samples was 

used for particle size analysis and the other for 

testing of the chemical composition and physical 

properties. Test sample specimens were prepared 

using a ramming machine (Plate 2a). Each of the 

test specimens (Plate 2b) was subjected to foundry 

properties test such as strength, permeability, 

compactability, flowability, plasticity, bulk 

density, collapsibility, sand grain size, 

refractoriness and  abrasion resistance. Specimen 

were prepared in accordance with ASM standard 

specifications (ASM, 1980).  

 

 

 

 

 

 

 

 

 

 

 

a)                                                                 B) 

 

Plate 2: Ramming machine (b); Prepared test samples (c)  

 

 

The required quantity of the sand and water for 

each of the samples, were measured in accordance 

with the varying proportion and charged into the 

laboratory mixer and then mixed for about five (5) 
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minutes. When thoroughly mixed, the mixture was 

discharged from mixer through the discharge 

opening at the bottom of the mixer. The tube with 

sand sample inside it was positioned in the 

specimen rammer and then rammed with three 

drop of the standard weight (6.6 kg). After 

ramming the specimen was ejected from the tube 

with specimen extractor. A tolerance of + 0.5 to 1 

is acceptable for height of the sample (ASM,1980). 

This procedure was repeated for the rest of the 

samples. 

3.2 Experimentation 
The particle size distribution of the sand was tested 

using sieve analysis, while the chemical 

composition was tested by wet analytical methods. 

The physical properties of the sand were tested 

using five test samples each of sand and water 

prepared with varying water percentages.All the 

tests were carried out at the National Metallurgical 

Development Centre Jos-Plateau state.  

3.2.1 Grain size analysis: The stacks of sieves 

were arranged according to the sieve aperture with 

the largest aperture on descending order. Some 

quantities of sand sample were dried in an oven at 

a temperature of 105°C for a period of 30 minutes 

100 g sample of the sand was weighed out of the 

oven-dried sand sample. The sample was poured 

from top of sieve stack and placed on a sieve shake 

and then coupled for effective vibration. Time of 

15 minutes were set for machine to vibrate and 

stopped. The sieves were removed one after the 

other. The quantity of sand remaining on each 

sieve was weighed. The weight was recorded 

respectively in the column corresponded to the 

sieve mesh number. Each separate sieve weight 

was multiply by the proceeding sieve mesh 

number. The sum total of the product was divided 

by the total sample weighed and this produced the 

fineness number of the sand according to BSSN 

(1971). 

3.2.2 Green compression strength: The specimen 

for testing the green compression strengthwas 

prepared from fresh sand. The green compression 

strength test was carried out using the universal 

sand strength testing machine. The 

preparedsamples were positioned in the 

compression head which is fixed into the machine. 

The samples were loaded gradually while the 

magnetic rider moves along the scale. As soon as 

the sample reached its maximum strength, the 

sample fails. The magnetic rider remains in 
position of the ultimate strength while the load is 

gradually released. The green compression 

strength is recorded from the position of the 

magnet. 

3.2.3 Green shear strength: The green shear 

strength is the measure of the shear strength of the 

test the test sample when shear load is applied in 

its green state. The universal sand strength testing 

machine was used. The shear head is fixed in the 

machine and the samples were placed. The 

samples were loaded with shear forces up to 

failure. 

3.2.4 Dry compression strength: Sand samples of 

5cm diameter 5cm height were prepared and 

dried in an oven at a temperature of 110   for a 

period of 30 minutes. They were then removed and 

allowed to cool in the air to ambient temperature. 

After cooling, the samples were fixed into the 

universal strength testing machine with the 

compression head in place. The load was applied 

until the samples failed at the ultimate 

compression strength. 

3.2.5 Dry shear srength: The prepared standard 

samples of 5cm diameter 5cm height was dried in 

an oven at a temperature of 110 C for 30 minute 

and then removed from the oven to cool in air at 

ambient temperature. The samples were positioned 

in the machine and the shear load was applied. The 

dry shear strength was recorded at the point of 

failure of the test samples. 

3.2.6 Permeability test: Gas permeability of sand 

is the ability of the sand to allow the passage of 

gaseous product from the mould cavity to the 

atmosphere. The permeability test was carried out 

on the standard sample of 5cm x 5cm height. The 

specimen while still in tube is mounted on the 

permeability meter (perm-meter), when this was 

ran, the degree of the permeability of the sand was 

indicated on the dia-guage of the machine and 

results were recorded.  

3.2.7 Flowability test: The flowability of the sand 

was determined using the standard sand sample 

5cm diameter x 5cm height. After the normal three 

blow required for the standard sample preparation, 

two more blows were made.The differences in 

height of the cylinder after the latest 2 blows were 

recorded. 

3.2.8 Compactability: The compactability test 

was performed by filling the standard specimen 

tube with the moulding sand mixture until it 

struck-level with the top of the tube.The sand in 

the tube was then rammed with the standard three 

blows using standard rammer. The distance from 

the top of the tube to the level of the rammed sand 

was measured and calculated as percentage 
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compactibility by decrease in height by the initial 

height.  

3.2.8 Bulk density: Bulk density is the weight per 

unit volume of the standard specimen including the 

volume of the open and close pore space.The 

standard sample was weighed to obtain the mass 

(m) and the height (H) of the sample was measured 

using varner caliper.The result of the weighing and 

the measuring were recorded for each of the 

sample mixture. 

3.2.9 Clay content: Some quantity of sand was 

dried in an oven at a temperature of 105
0
C. 25g 

was measured out of the dried sand and poured 

into a beaker containing 250ml of distilled water 

with 10ml of 1% sodium hydroxide added to the 

content in the beaker. The sodium hydroxide is use 

to accelerate the separation of clay substance from 

the sand grains. The content of the beaker is stirred 

with mechanical stirrer. After stirring for about 5-

10 minutes, the content was allowed to rest for 

about 10 minutes.  The sand grains then settle to 

the bottom of the beaker while the clay particles 

remain in suspension. The suspended clay particles 

in the solution were decanted by means of siphon. 

Then more distilled water was added and stirred 

for another ten minutes then decanted by 

siphoning. This process was repeated till the water 

becomes clean and free from suspension of clay 

particles. The content in the beaker was dried in an 

oven at about 110
0
C. The dried sand was weighed 

the difference was calculated as a percentage of the 

initial weight. 

3.2.10 Shattered index: A standard AFS or DIN 

green sand test specimen was injected from the 

specimen tube. The specimen was allowed to fall 

through a height of 1.83 m unto a mesh of 13.2 

mm British standard test sieve (BCIRA, 1971). 

The shatter index is calculated as a percentage of 

the weight of fractured sand specimens that remain 

on the test sieve to the total weight of the sample.  

3.3 Analysis  

3.3.1 Green compression strength: The green 

compression strength of the sample was calculated 

in accordance with ASM (1980) using the 

equation: 

 

 

   
 

 
                      

 

Where: σc= green compression strength; F = force, 

A = area 

3.3.2 Green Shear Strength: Shear strength of 

the sample in kN/m
2 
was calculated using 

the equation 

 

                         

 

Where: R= Torque arm required to shear 

the sample; K = 2.07 = constant related to 

dimension and shape of the vane 

apparatus. 

 

3.3.3 Dry compression strength:  The dry 

compression strength was calculated using 

the relation: 

 

    
 

 
                       

 

Where:   = force; A = area. 

 

3.3.4 Dry Shear Strength: The dry shear 

strength of the sample in kN/m
2
 was 

calculatedusing the relation: 

 

                              
 

Where: R= Torque arm required to shear 

the sample; K = 2.07 = constant related  to 

dimension and shape of the vane 

apparatus. 

 

3.3.5 Permeability (mm/Ws): The 

permeability of the sample, mm/Ws, was 

calculated using the formula ((ASM, 

1980): 

  

 

P  
   

   
                              

 

Where: V= volume of passing through test 

specimen, H= Heigth of specimen, p= 

pressure of air, A= cross sectional area of 

specimen, T= time taken by air to flow 

through the specimen.  

 

3.3.6 Flowability (%): The flowability 

percentage was calculated using the 

formula (ASM, 1980). 

 

Flowability (%)                   
 

Where:    = change in height . 
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3.3.7 Bulk density: The bulk density of the 

sample was calculated using the formula 

(ASTM, 1980). 

  

        
 

 
(g               

 

Where: m = mass of sample, H = height of 

sample. 

 

3.3.8 The shattered index: The percentage 

shattered index (%) was calculated using 

the formulan (ASTM, 1980): 

 

 

    
  

  
              

 

Where: wR = mass of sample retained; wO = mass 

of original sample. 

 

3.3.9 Compactability (%): The Compactability 

percentage of the sample was calculated 

using the formula (ASM, 1980): 

 

  
       

  
            

 

Where:    = initial height of the sample, 

  = final height of the sample 

 

 

3.3.10 Grain size distribution:  
Product = weight Retained x BSS No 

 

GFN  
        

           
               

 

3.3.11 Clay content of the sand: This is 

determined using the relation:  

 

       
       

  
                 

 

Where: w1 = initial weight of sample; and 

w2 = final weight of sample.  

 

 

3 RESULTS AND DISCUSSION 
 

 

 

3.1 Results 

The results of the tests carried out were recorded 

against each of the parameters accordingly. The 

variation of the physical properties of the tested 

sand with moisture content is shown in Table 1. 

Table 1 showed that the green compression strengt 

is 22 kN/m
2 

for sand with moisture content of 2% 

and 90.35 kN/m
2
 for sand with 4% moisture 

content while for sand with 6% and 8% content is 

73.14 kN/m
2
 and 66.93 kN/m

2
 respectively. Based 

on the chemical composition, Bachirawa sand 

compares favourably well with the standard 

moulding sand as shown in Table 2. The 

refractoriness and particle size distribution of the 

sand are presented in tables 3 and 4 respectively.

 

Table 1: Variation of physical properties of Bachirawa sand with moisture content 

 

Physical properties   Moisture Content (%) 

 2 4 6 8 10 

Green compression strength (     ) 22 90.35 73.14 66.93 57.27 

Green shear strength (     ) 19.3 4.49 8.28 6.21 2.8 

Dry compression strength (     ) - 1621.5 3139.5 3208.5 4726.5 

Dry shear strength (     ) - 220.8 476.1 503.7 531.3 

Permeability (mmWs) 120 210 150 220 205 

Flowability (%) 19.8 97.2 97.6 98.4 97.6 

Bulk density (g/cm
3
) - 1.64 1.75 1.81 1.64 

Shatter index (%) - 82.9 56.0 57.7 36.49 

Compactibility  (%) - 43.5 50.9 46.3 42.2 
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The green shear strength of the sand with 2% 

moisture content is 19.3 kN/m
2
, for 4%content is 

4.49KN/m
2
, for content of 6% is 8.28 kN/m

2
, for 

8% content is 6.21 kN/m
2
 and for 10% contentis 

2.8 kN/m
2
. The dry compression strength for sand 

with 4% moisture content is 1621.5 kN/m
2
, for 6% 

content is 3139.5 kN/m
2
, for 8% content is 3208.5 

kN/m
2
 and for 10% water content is 4726.5 kN/m

2
. 

This shows that the dry compression strength 

increase from 1621.5 kN/m
2
 for 4% moisture 

content to amaximum of 4726.5 kN/m
2 

for 10% 

moisture content. The dry shear strength of thesand 

mixture with 2% moisture content cannot also be 

carried out because  the sample cannot be handled. 

Thus, the sample collapsed in the process of 

mounting on the testing machine. The dry shear 

strength for sand with 4% moisture content is 

220.8 kN/m
2
, for 6% and 8% content were 476.1 

kN/m
2
 and 503.7 kN/m

2 
respectively. For 10% 

content is 531.3 kN/m
2
. The permeability of the 

sampleswith 2% moisture content is 120 mmWs,  

for 4% content is 210 mmWs. Similarly, for sand 

with 6%, 8% and 10% moisture content, the 

permeability values are 150 mmWs, 220 mmWs 

and 205 mmWs respectively. The flowability of 

the sand was obtained as 19.8 for 2% moisture 

content, 97.2 for 4% moisture content, 97.6% for 

6%moisture content, 98.4 for 8% water contentand  

97.6% for 10% moisture contentas shown in Table 

1. The bulk density of sample with 4% moisture 

content is 1.64 g/cm
2
 for 4% moisture content, for 

6% is 1.75 g/cm
3
while for 8% moisture content is 

1.84 g/cm
3
. the results showed that the bulk 

density of the samples increases as the moisture 

content increasing to up to 8% moisture content as 

seen in Table 1. 

 

Table 2 Comparison of Bachirawa sand with standard moulding sand 

 

Chemical composition Standard moulding sand 

composition (%) 

Bachirawa sand 

composition (%) 

SiO2 96 80.75 

Fe2O3 0.6 2.54 

Al2O3 2.0 4.17 

CaO 0 0.11 

MgO 0 1.03 

SO3 0 - 

Loss on ignition 0.7 - 

PH 7.0 7.0 

 

 

Table 3. Refractoriness of Bachirawa sand 

 

Firing Temperature 

°C 

Characteristics of test place after 

firing 

200-400 No change in colour, not crumble  

550-600 Not crumble , change redding colour 

650-750 Brownish colour, not crumble 

750-850 Brownish colour, not crumble 

850-950 Brownish colour, not crumble 

950-1000 Brownish colour, not crumble 

1050-1100 Brownish colour, not crumble 

1100-1150 Brownish colour, not crumble 

1150-1200 Brownish colour, not crumble 

1200-1250 Brownish colour, not crumble 

1250-1300 Brownish colour, not crumble 

1300-1350 Dank Brownish , with no cracks 

1350-1400 Compact, not friable, with cracks 

1400-1450 Compact, not friable, with cracks 

1450-1500 Cracks all over and burn. 
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Table 4. Particlesize analysis of Bachirawa sand 

 

Sieve 

Aperture 

BSS No Weight 

Retained 

% Weight 

Retained 

Cumulative 

weight retained 

% 

Product 

1.4 10 0.7 0.7 0.7 5.6 

1.0 16 1.12 1.12 1.82 11.2 

0.71 22 1.72 1.73 3.55 27.52 

0.5 30 1.76 1.76 5.31 38.72 

0.355 44 2.21 2.23 7.53 66.3 

0.25 60 4.95 4.96 12.48 217.8 

0.18 100 12.15 12.15 24.62 726.6 

0.125 150 34.54 34.55 59.17 3454.0 

0.09 200 33.55 33.56 92.73 5032.5 

0.063 300 5.10 5.10 97.83 1020.0 

-0.063 350 1.73 1.74 100.00 519.0 

 Total 99.49   11119.24 

         

3.2 Discussion of results  

Green Compression Strength: The green 

compression strength of mixture with 10% was 

obtained as 57.27 kN/m
2
. The green compression 

strength of sand with 4% moisture content showed 

the highest green compression strength, this result 

falls within the acceptable values of compression 

strength (0.48 to 1.21 kN/m
2 

) for casting ferrous 

and non-ferrous metals. This is an indication that 

the sand will have good pattern withdrawal from a 

mould without breakage. It also shows that the 

resistance to turbulent reaction of the liquid metal 

in the mould will prevent erosion of the mould 

cavity wall and reduce metal penetration into the 

mould walls as suggested by Nwankwo (1993). 

Green shear strength: The result shows that 

increase in moisture content will result in decrease 

of green shear strength of the sand. The result 

obtained means that the sand is good since the 

strength of the sand is good enough to prevent 

shearing of the mould during hot metal pouring 

(Burns, 1986).  

Dry compression strength: The dry compression 

strength of the moulding sand mixtures with 

moisture content of 2% could not be handled for 

testing because the sample was highly fragile and 

thus, collapsed when mounted for strength test. 

The result obtained showed that the sand has good 

compaction property. Therefore the dry strength is 

adequate for mould and pouring within 2 days 

(Burns, 1986).  

Dry shear strength: The values increases as the 

moisture contentincreases, which implies that the 

shear strength of the sand is good since it exceeded 

the required value of 2 N/cm
2
 as recommended by 

ASM (1980).  

Permeability of the sand: The results presented in 

Table 1 indicate that the permeability of the sand is 

very good for casting non-ferrous and ferrous 

materials since the sand can allow gases to escape 

easily from the poured metal in the mould as 

reported by Ajayi (1993).  

Flowability (plasticity): This is the ability of the 

sand to get compacted and flow uniformly to 

allportions of pattern when rammed and distribute 

the ramming pressure evenly all around in all 

directions inside the mould. The flowability of the 

sand is very good as seen from the results. In 

general, flowability increases with decrease in 

green strength, an, decrease in grain size. The  

flow ability also varies with moisture and clay 

content. The result obtained indicates that 

Bachirawa sand has good flowability as compared 

with Jack (1996).  

Bulk density: The bulk density increases as 

moisture content increase to up to 8% but falls 

after 8% moisture content, this is due to the reason 

that, as the moisture content is increased the clay 

content takes up the water, resulting in swelling of 

theclay particles, thereby pushing the sand 

particles apart, resulting in reduced bulk density 

and permeability (Rundman, 2000).The sand will 

be adequate for castingnon-ferrous and ferrous 

metal. But since the sand has fine-grains due to its 

large bulk density there will be limited metal liquid 
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penetration through the mould wall (Datta et al., 

1982).  

Compactibility: Compactability measured the 

flowability, plasticity and strength of a moulding 

sand mixture, these being the properties which 

determine the volume occupied by the sand when 

compacted. The values of compactibility of the 

sand sample with moisture content of 8%-10% 

falls within the acceptable values recommended by 

ASM standard for sand moulding (ASM, 1980). 

Shatter Index: Shatter index measured 

collapsibility of sand after casting for easy shake 

out and cleaning. The sand mixture with 4% 

moisture has shattered index of 82.9% . For 

samples with 6% and 8% moisture content, their 

results are 56.0% and 57.7% respectively. The 

shattered index is at peak for 4% moisture content 

as shown in table 1. Considering the values 

obtained, the shattered index of the sand is 

adequate for foundry purposes since the values fall 

within the range of 50% to 85% acceptable for 

moulding sand as suggested by Ajayi (1993).  

Refractoriness of the sand: Refractoriness is 

defined as the ability of molding sand to withstand 

high temperatures without breaking down or fusing 

thus facilitating to get sound casting. Sand used in 

foundries must be capable of with-standing very 

high temperatures and shouldn't collapse under the 

prevailing load. Molding sand with poor 

refractoriness may burn on to the casting surface 

and no smooth castingsurface can be obtained 

(NEDUET, 2016). At 200°C to 400°C the sand’s 

colour remained unchanged and the mould did not 

collapse. At temperature 550°C - 600°C, the 

reddish sand colour changed to brownish colour 

and the mould remain still. This brownish colour 

was observed to up to 1350°C. The mouldcrack at 

its bottom at about 1480°C and thereafterthe 

mould got burned. This is an indication that the 

sand will have problems of surface finish and 

dimensional problems when casting high melting 

point metals especially ferrous metal casting 

(Burns, 1986).  

Grain Fineness Number: The grain fineness 

number of the sand as revealed by the sieve 

analysis was found to be 111.76 GFN and 243 

µmaverage size. GFN of 50-60 AFS will yield 

good surface finish on castings (AFS, 1963) 

Clay content: The clay content analysis showed 

that the sand consist of 12.48% clay, hence the 

sand has high compactibility which is required of 

oundry sand. Therefore Bachirawa sand will be 

goodfor sand casting. (ASM, 1980). But its 

permeability will be low while its compressive 

strength will be high.  

 

 

4 CONCLUSION 
 

The foundry properties of Bachirawa sand was 

investigated as reported in the current study. The 

sand has reddish fine-grained structure with 

12.48% clay content which makes it suitable for 

use as core and moulding sands. The grain fineness 

number is 111.76 GFN which is suitable for 

ferrous and non-ferrous alloys casting. The sand 

also have good plasticity (flowability) with little 

variation of water content. The values of strengths 

of the sand obtained for moisture contents between 

4% to 8% correspond to the standard specifications 

required of moulding sand. Other important 

properties investigated were permeability, 

compactability and shattered index. The values 

obtained for the above properties showed values 

that agree with standard properties of moulding 

sand with increase in moisture content from 4% to 

6%. The sand also possess adequate 

refractorinessfor moulding sand since it can 

withstand temperature of up to 1480°C. The 

investigation showed that the sand is suitable for 

casting non-ferrous and some ferrous metals such 

as cast iron.  
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