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ABSTRACT 

The paper looked at the possibility of characterizing and developing core mixture formulations from locally 

available raw materials and determining the suitability of using the cores in sand castings of non-ferrous metals. 

Varying compositions of core mixtures were formulated using cassava/guinea corn starches and soybean oil. The 

proportion of guinea corn and cassava starches in the various core mixtures were varied from 2 to 5% while that 

of Soya oil from 1 to 3%.   Standard laboratory test specimens were produced for each core composition and the 

following parameters which include permeability, green/dry compression strengths, green/dry shear strengths 

were determined for each test specimen. Cores with optimum strengths were then selected and used in carrying 

out practical castings. The results of the laboratory tests showed that for all percentages of oil additions and 

baking times, the cassava starch mixtures possessed higher strengths than the guinea corn starch mixtures. Also 

the Soybean oil improves the binding properties of cassava and guinea corn starches. Generally the collapsibility 

of the cores and surface finish of the castings produced using the cores produced  from the starches are 

satisfactory therefore the use of cassava/cereal starch as core binders in non–ferrous sand casting can be said to 

be very promising. 
 

Significance: The work has provided environmental friendly alternative to poisonous and expensive imported 

chemical resins used as core binders from locally available raw materials.  
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1.0 INTRODUCTION 

Core is a body of mass of sand placed in a mould assembly to produce a hole in the casting. Cores are specially 

designed to shape the internal portions of a mould so as to produce engineering parts, the design of which 

contain internal cavities or intricate external parts that cannot be moulded and withdraw with ease.   In situations 

where the pattern itself can be shaped to form a core as an integral part of the mould, the core is referred to as 

“green sand core “   or   “self core”.   Cores are simple and the most economical ways of forming holes in 

castings, American Foundrymens Society, (1979).  However, they are limited to holes of short lengths whose 

sides are perpendicular to the parting face
1
. Because of the metallostatic pressure generated by the molten metal 

in the mould, cores are held firmly in the correct position in the mould cavity by impressions in the sand mould 

known as core prints and the core prints are formed using suitably shaped extensions on the original pattern. 

Generally cores are expected to possess certain vital properties that will give them the desired quality for the 

production of sound castings
 
Arbor.(1962) 

 

1.1 Properties of Cores 

Cores for the production of sound castings are required to possess the following properties: strengths, 

collapsibility, permeability, flowability, high refractoriness etc. The strengths of cores are grouped into three 

main types; green, dry and hot strengths.  The green strength is the strength of the core at room temperature that 

can make the core hold its shape without distorting; the dry strength is the ability of the core to retain its shape 

and dimensions after drying; while hot strength is the strength that can make the core to retain its shape and 

dimensions at liquid metal temperatures
 
Burns, (1986).  

Based on the fact that cores are sometimes completely surrounded by molten metal in the mould, it is therefore 

required of them to immediately disintegrate readily after the complete solidification of the molten metal in the 

mould. The degree of collapsibility of a core after casting depends on the type and quality of core sand additives 

used and also on the temperature of the liquid metal that surround the core.  The lower casting temperature 
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metals, such as aluminium often inject heat into the cores making them to develop bond strength which can be 

very high in the order of 5515KN/m
2
 in some of the cores Nwajagu,(1994). 

A hard core that cannot disintegrate after the solidification of metal in the mould is some times difficult to 

remove from the cast metal during shake-out resulting in damage to the casting, especially when the core has to 

be forcefully removed.  A hard core also induces internal stresses in the cast metal after solidification to the 

extent that cracks may be initiated
 
Kondie, (1968).  

Cores are also required to possess adequate permeability to allow the expulsion of gases produced by additives 

used in core production on contact with liquid metal.  The emitted gases generate some bubbles in the liquid 

metal in the mould thereby causing casting defects, such as blow holes and gas porosities in the resultant 

solidified metal.  The emission of gases by cores in the mould must be kept to the minimum by selecting suitable 

core mixture materials, control of the quantity of gas-producing substances in the additives and the treatment of 

the core after forming. To achieve good permeability core-making sands with narrow particle size distribution 

are used.  Other measures like core-venting, insertion of perforated metal tubes and use of lumps of coke 

especially for large cores are as well also used Karl,(2005)..  

 

1.2 Materials For Core Sand Mixtures Production 

The basic raw materials required for producing core mixtures are sands and binders. 

 

1.2.1 Sands  
Sands used for core-making are those of zircon, olivine, silica and chromite sands.  The criteria for the selection 

of sand for core production are that it must be readily available at affordable prices and also must satisfy all the 

requirements for use in core production Muhammad et al (2003) and Nawnkwo et al (1983)..   

 

1.2.1 Binders:  

 

In core sand mixtures binders are used to hold the sand grains together so as to maintain the shape of the core 

during production, processing and assembling.  Binders are classified in to two: organic and inorganic binders.  

The inorganic binders include bentonite, kaolin, illite clays and sodium silicate which tend to fuse the sand 

grains together at high temperature and this is not good enough for the collapsibility requirement of a core. 

However, they are still being used with the additions of some combustible materials such as wood flour, cereals, 

coal dust etc, but the results are always not satisfactory. 

In the class of organic binders are the synthetic types which consist of Urea formaldehyde, phenol formaldehyde, 

furfuryl alcohol.  The synthetic resin binders use phosphoric acid, paratoluene sulphonic acid, xylene sulphonic 

acid as catalysts Tager, (1978).  Even though the effects of the synthetic binders on the quality of cast products 

had proved to be very encouraging, they are not readily available, and whenever available, are expensive because 

they are mostly imported. However, groundnut, linseed, soy bean, castor and cotton seed oils can be used as 

substitute to augment the binding ability of these organic binders
 
McGraw-Hill, (1974).  

The core mixtures produced from cassava/cereals starches and vegetable oils are another group of materials that 

belong to the class of organic binders that can be used in core mixture formulations but not enough researches 

have been carried out on their suitability for use as binders in core production Asuqo et al (1991). Therefore the 

purpose of this research work is to characterize and develop core mixtures formulations from the locally 

available raw materials and determine their suitability in the production of sand castings. This is with a view to 

solving the problem of scarcity of the resinous binders and the difficulties associated with their importation 

which has made it difficult to produce some relevant engineering spare parts for our industries.     

 

2.0 MATERIALS AND METHODS 

 

2.1 MATERIALS  

 

The materials used in the formulation of the core mixtures were all sourced locally.  The silica sand used is from 

Challawa River in Kano state, while the binders cassava and guinea corn starches were extracted from cassava 

tubers and guinea corn and the soybean oil was obtained from Grand Cereals Nigeria Ltd located in Bukuru, Jos, 

Plateau State. 
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2.2 METHODS 

 

2.2.1Starch Preparation 

The guinea corn and cassava starches were processed from guinea corn and cassava. The procedures involved in 

the processing and production of the starches include cleaning,   shelling, soaking in water, grinding, sieving, 

drying and preparation of the starch gel ( at 60-75
o
 C) from the processed  starches. 

2.2.2 Core Production 

After the gel has been prepared, the proportion of guinea corn and cassava gel in the various core mixtures were 

varied from 2 to 5% while that of Soya oil from 1 to 3%.   Standard test specimens were produced for each core 

composition, some of them were allowed to dry naturally at the laboratory  temperature while others were baked 

at 200
o
 C in the oven for one, two and three hours respectively. The following parameters: permeability, 

green/dry compression strengths, green/dry shear strengths were determined for each test specimen. 

The compressive and shear strengths were determined using motorized universal sand testing machine while the 

permeability values were obtained using an electric permeability meter. These facilities are available at Foundry 

shop of the National Metallurgical Development Center (NMDC), Jos.  Based on the results obtained, optimum 

core compositions with highest values of dry compressive strengths were selected. Casting of Peugeot Bushing 

from Al-Si alloy (8%Si) were carried out using cores produced from Mixtures with the following compositions: 

5% cassava starch +3% oil, 5% guinea corn+3%oil, 5% cassava starch only and a control sample using imported 

resin binder. 

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Results  

The results of the laboratory tests carried out using cassava starch, guinea corn starch and Soya oil as core 

binders are given in tables 2 and 3.  While Plates 1 and 2 are the photographs of the core sample being baked in 

the furnace and the five(5) Peugeot bushings produced from aluminium Silicon alloy (Al-Si)(8%Si) using cores 

produced from the mixtures of the cassava / guinea corn starches and Soya oil. 

 

3.2 Discussion 

From these results it can be seen that the core mixtures with 2% guinea corn starch without oil were not 

mouldable.  However, the core mixture with 2% cassava starch without oil was also mouldable but the green 

strength could not be determined because it was too low. On increasing the content of starch from 2 to 5 % for 

both the cassava and guinea corn starches still with out oil addition the mixture with guinea corn starch became 

mouldable while the mixture with cassava starch had an appreciable increase in both green and compressive 

strengths... 

On curing the oil-free mixtures with 2% cassava at 200
c
C the dry compressive strengths decreases with 

increasing curing time but above 2% cassava starch the strength began to increase with increasing curing time.  

For oil free guinea corn starch mixtures above 2% starch the strengths increases on curing with increasing curing 

time. 

When oil as little as 1% was added to all the mixtures, the dry strengths increases appreciable even in the 

unbaked state. On baking there was a significant increase in the strengths with increasing baking time. As the 

percentage of oil was increased in the mixtures there was a sharp increase in the strengths showing that the oil 

has binding effect on the core mixtures. The binding effect of the oil is as a result of the polymerization of the 

unsaturated oil molecules under the action of oxygen. The oxygen is from the air blown by the fan in–built in the 

oven and serves as a catalyst for polymerisation. This process is known as thermo-oxidative polymerization.  

Also from the results it can be seen that for all percentages of oil additions and baking times, the cassava starch 

mixtures possessed higher strengths than the guinea corn starch mixtures. This can be attributed to the types of 

structures present in each type of starch. Starches are made up of two types of structures vis-à-vis amylose and 

amylopectin and the rigidity of the gel formed by a type of starch depends on the content of the amylose.  A high 

amalose starch produces a rigid gel and this type of gel was observed in cassava starch while in guinea corn 

starch a less rigid gel was observed which means that in cassava starch there is more of amelose than in guinea 

corn starch. This explains the all round higher strengths of the cassava starch mixture over the guinea corn starch 

mixtures.  

As strengths of cores produced using different mixtures are not the only parameters that determine the suitability 

of a material for use as binders for core formulations, there is the need to evaluate other parameters like, 

collapsibility, gas emissivity and surface finish of the produced castings. For these reasons casting requiring use 

of core were produced using samples of the cores formulated from these starches.  
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3.2.1Results and observation of the practical castings carried using proto-type core mixtures produced 

using the starches. 

 

Four (4) aluminum bushings were cast in sand mould using various compositions of the cores formulated using 

the two starch mixtures and an imported resin binder for comparism. The compositions were selected based on 

the optimum value of the dry compression strengths obtained from laboratory tests. The composition of the cores 

produced using the starch mixtures and used in prototype castings are as given in table 1. 

 

             Table 1: Compositions of the cores used in producing the proptotype castings  

 

Core identification 

 

Core Composition 

 

A 

 

B 

 

C 

 

D 

 

5% Guinea corn + 3% oil 

 

5% Cassava Starch + 3% oil 

 

5% Cassava Starch only 

 

Resin-Bonded (imported) 

 

 

Aluminum Silicon alloy (8%Si) was melted and cast into the assembled sand moulds of aluminium bushings 

with the cores produced using the starch mixtures in table 1.  After pouring, a period of about 15– 20 minutes 

was allowed for solidification and cooling. The castings were then shaken-out and knocked-out and then the 

effects of the cores produced from the starch mixtures on the collapsibility, surface finish, porosity/gas emission 

on cast aluminium bushings were observed.   The cores produced and the  prototype castings are given in plates 

1 and 2. 

 

3.2.2 Observations On The prototype Castings  

I.    Gas Emission:  When the liquid metal was poured into the moulds there was no evolution of gaseous 

products from moulds A, C and D whereas from mould B, evolution of gaseous product was observed. This 

could be due to the presence of unpolymerised oil in the core since it contains up to 3% oil which could not 

escape because of the rigidity of the gel formed by the cassava starch in contrast to the one formed by the guinea 

corn starch. This means that there may be the need to increase the baking time of this particular mixture so as to 

ensure complete polymerization of the oil in the core.  Alternatively the oil content of core mixture could be 

reduced to 2% or less.  

ii.   Collapsibility:   After solidification of the liquid metal in the sand moulds, the castings were shaken out 

from the moulds and the cores immediately knocked-out from the castings. Then it was observed that the cores 

in castings „A‟ and „B‟collapsed partially during shake-out, and not much difficulty was encountered in 

removing the remaining part of the core from the bushing after the shake-out. The core in casting „C‟ collapsed 

completely during shake-out   while the core in casting „D‟ did not collapse immediately but maintained its 

shape in the casting. This means that, the collapsibility of the cores in castings A, B and C produced from 

cassava and guinea corn starches is superior to that of cores produced from the imported resin (D). 

iii.    Surface Finishing: The surface finishing of the cast bushings was very good as observed in (plate 2) which 

means that there was no reaction between the core and the metal at the core-metal interface.  

 

4.0 CONCLUSION 

The results of the laboratory and practical tests carried out so far in this work have shown that the use of 

cassava/cereal starch as core binders is a promising one. Also Soybean oil which is in the class of vegetable oils 

improves the binding properties of cassava and guinea corn starches. However, Cassava starch has higher 

binding effect than that of the guinea corn starch.  Considering the cost implication of importing chemical resin, 

the cassava /cereal starches and soy bean oil will provide better alternative as core binders in  sand castings of 

aluminium Silicon alloy compared to the imported core binders. 

 

S.A Yaro, and M.U Suleiman  



Journal of Engineering and Technology (JET) Vol. 1 No. 1 August 2006 

51 

 

REFERENCES 

1. American Foundry Men‟s Society  (1979):” Fundamentals of Core Technology”, 2
nd

 edition. Pp250. 

2. Arbor, A (1962): “Fundamental of Metal Casting”, Addison-Wesley Series In Metallurgy and Materials, 

pp324. 

3. Asuquo L.O. and Bobo S.B (1991): Foundry Technology, ABC Publishers Ltd Nigeria, pp180.  

4. Burns T.A. (1.986): “Foseco Foundry man‟s Handbook” Pergamon Press London. 9
th

 Edition, pp586. 

5. Kondie V. (1968): “Metallurgical Principles of Founding”., Edward Arnold  Publishers, London. 250pp. 

6. Karl, B (2005): “Metal Casting, Quickest and Least Expensive Route to a Near Shape Product” Reference 

Book for MY4130, Department of Materials Science and Engineering, Michigan Technical University, 

United States of America, pp150 

7. McGraw-Hill Book Company(1974): “Encyclopedia of Chemical and Process Technology”, pp1286.      

8. Muhammad M.H, Bawa, M.A, Akuchi, N.T (2003): characterization of Alkaleri and Gombe foundry sands. 

Proceedings of the Nigerian Metallurgical Society, 20
th

 Annual Conference and General meeting, Ajaokuta. 

Pp19-22 

9. Nwajagu .C.O (1994): “Foundry Theory and Practice,” ABC Publishers Ltd, Nigeria. pp220 

10. Nwankwo, A.I and Seghal, D.P. (1983): “Survey of local sands used by Nigerian foundries” Review of 

investigation and task on location of new sources, Central Metallurgical Research and Development 

Institute, Jos.pp45. 

11. Tager, A. (1978): “ Physical Chemistry of Polymers”,  Mir publishers, Moscow, pp168

S.A Yaro, and M.U Suleiman  



Journal of Engineering and Technology (JET) Vol. 1 No. 1 August 2006 

52 

 

 
Table 2: Physical Properties of Core mixtures Produced using Cassava Starch and Soya Oil 

 
BAKING TEMP: 200

0
C 

 GREEN 

PERM. 

Green 

Comp. 

Strength 

KN/m
2
 

DRY COMPRESSION STRENGTH (KN/m
2
) DRY SHEAR STRENGTH (KN/m

2 
) GUINEA CORN STARCH 

0 hr 1 hr 2 hrs 3 hrs 0 hr 1 hr 2 hrs 3 hrs % 

Oil 

% 

Starch 

% 

Sand 

 

1A 320 - NOT MOULDABLE - - - - 0 2 98  

1B 320 13 1390 1516 2310 2413 399 359 413 517 0 3 97  

1C 330 16 2238 2551 2689 3223 419 490 620 551 0 4 96  

1D 200 18 2739 3223 > 3223 > 3223 655 1172 1275 1103 0 5 95  

               

2A 260 - 82 689 1379 1414 55 131 331 689 1 2 97  

2B 230 19 407 759 1414 2034 206 199 414 824 1 3 96  

2C 240 22  1108 1822 2241 2930 345 297 620 893 1 4 95  

2D 210 23  1448 2730 3172 > 3223 1034 462 1134 1307 1 5 94  

               

3A 220 17 248 827 1724 3033 68 475 898 1241 2 2 96  

3B 230 19   538 1034 1862 3223 198 552 1067 1414 2 3 95  

3C 180 17.5 638 1852 2620 > 3223 368 622 1345 1620 2 4 94  

3D 190 18 2690 1931 3084 > 3223 435 759 1345  1774 2 5 93  

               

4A 210 15 275 2138 2206 > 3223 53 799 1344 1689 3 2 95  

4B 175 19 689 2296 2240 > 3223 289 829  1377 1729 3 3 94  

4C 200 18 1034 2240 2462 > 3223 317 744 1482 1930 3 4 93  

4D 180  1482 2550 2930 > 3223 469 966 2137 2241 3 5 92  
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Table 3: Physical Properties of Core mixtures Produced using guinea corn Starch and Soya Oil 

 

 
BAKING TEMP: 200

0
C 

 GREEN 

PERM. 

GREEN 

COMP. 

STRENGTH 

KN/m
2
 

DRY COMPRESSION STRENGTH KN/m
2
 DRY SHEAR STRENGTH KN/m

2
 CASSAVA STARCH 

0 hr 1 hr 2 hrs 3 hrs 0 hr 1 hr 2 hrs 3 hrs % Oil % Starch % Sand 

1A 320 - 431 334 172 152 185 57 152 179 0 2 98 

1B 330 23 2430 1233 1896 2304 503 606 620 792 0 3 97 

1C 340 24 3166 2794 3223 2895 1110 1206 1103 1251 0 4 96 

1D  31 > 3232 >3223 > 3223 > 3223 1965 1861 1827 1878 0 5 95 

              

2A 350 - 100 431 1634 3083 503 396 844 207 1 2 97 

2B 340 19 1827 1583 2792 3223 908 620 1068 1258 1 3 96 

2C 330 19.5 2226 2309 3223 >.3223 1810 958 1723 1861 1 4 95 

2D 320 20 3223 3223 >3223 >.3223 1620 966 1773 2016 1 5 94 

              

3A 310 18 1379 >3223 >3223 >3223 324 1620 1944 2171 2 2 96 

3B 300 22 2420 >3223 >3223 >3223 1103 1326 2120 1930 2 3 95 

3C 290 25 3223 >3223 >3223 >3223 1516 1275 2327 2034 2 4 94 

3D 290 28 >3223 >3223 >3223 >3223 2240 1241 2464 2171 2 5 93 

              

4A 330 14.5 644 >3223 >3223 > 3223 230 2600 2151 2517 3 2 95 

4B 300 21 2413 >3223 >3223 > 3223 1103 1965 2413 2482 3 3 94 

4C 260 22 2482 >3223 >3223i > 3223 896 1551` 2516 2189 3 4 93 

4D  25 2620 >3223 >3223 > 3223 1047 1585 2920 2920 3 5 92 
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The cores produced using the various
 formulation of  starches  
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Plate 2: The cast bushing produced using the cores with the following composition 

A - 5% Sorghum plus 32% oil

B - 5%  Cassava starch plus 3% oil 

C - 5% cassava starch only 

D - Resin bonded (imported chemical)   
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