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ABSTRACT 
 

The effect of temperature at which cores bonded with Nigerian gum Arabic are baked on foundry properties was 

investigated in this study. The four grades of gum Arabic produced in commercial quantities in Nigeria were 
separately used to bind foundry sand core specimens. The specimens were grouped, oven baked at temperatures 

of 160°C, 180°C, 200°C, 220°C and 250°C for periods ranging from 1 to 3 hours, oven cooled and then tasted 

for baked tensile strength using a standard universal strength machine. Each test core was made of 4.5% of 
each grade of Nigerian gum Arabic exudates, 3% moisture and 92.5% silica sand grain. The test data was 

analysed to ascertain the effects of varied baking treatments on tensile strength and the optimal processing 

periods of such cores. The results revealed that the optimum baking temperature and time for grade 1 gum 
Arabic bonded cores were 220°C and 2.5 hours respectively. The optimum baking temperature and period for 

grade 2 gum Arabic bonded cores were 220°C and 2.5 hours; those for grade 3 gum Arabic bonded cores were 
200°C and 2.0-2.5 hours; while those for grade 4 gum Arabic bonded cores were 200°C and 2.5 hours 

respectively.  

 

SIGNIFICANCE: The result of this study 

provides a guide for the selection of optimum 

baking parameters.  

KEY WORDS: Gum Arabic, Temperature, 

Baking, Period, Cores.  

 

1. INTRODUCTION 
 

The process of baking sand cores is one of the 

formidable methods of producing expendable sand 

cores for foundry application. For excellent results 

that would provide the best process economics, it is 

very important that the optimal baking temperature 

and period suitable for a particular type of binder 

and sand grain be investigated before the method is 

adopted. The main objective of this research is to 

investigate the effect of varying temperature and 

period of baking on tensile strength of sand cores 

bonded with each of the four grades of Nigerian 

gum Arabic exudates to ascertain optimal treatment 

conditions for such cores. The research is justified 

by the fact that foundries in gum Arabic producing 

countries that hitherto depended on imported 

binders can obtain their cores from locally available 

materials using the simple oven baking process. 

This research differs from previous works as gum 

Arabic was not realised by Nigerian foundries 

before now as a good core binder if given an 

appropriate heat treatment even though foundries in 

developed countries used it as an additive and not a 

sole binder treated to give its optimum 

performance.   

 

2. LITERATUR REVIEW 
 

Use of gum Arabic in core production include such formulations of expendable core binder that included 

addition of 5% unspecified gum Arabic to 10% sugar and protein in gelatinous mix derived from amino acid for 

binding expendable core for casting in the United States of America (Siak et al., 1994 ). In United Kingdom the 

hot box core process use gum Arabic as a mould wash for easy stripping after core production or as an additive 

to support main core binder. Other previous core application of the material also involved the combination of 

gum Arabic with sugar, urea formaldehyde resin and boric acid and other different formulations as co-binders 

(Eric, 1965). These all involve use of corrosive chemicals that use acid catalysts making the processes not only 

very complex but hazardous to foundry operators in developing countries like Nigeria.  
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The foundries operating in the country have been 

crippled by their dependence on importation of 

these expensive critical inputs despite abundance of 

local natural materials like gum Arabic whose 

potentials have not been researched for possible full 

exploitation (RMRDC, 1990). As a part of finding 

solution to this problem of Nigerian foundry sector, 

a research series was started aimed at developing 

core binding uses for Nigerian gum Arabic. 

Ademoh and Abdullahi (2009
1
) used grade 1 

Nigerian gum Arabic as core binder. They found it 

suitable at different compositions for sand casting 

non-ferrous and grey iron. The grade 2 gum Arabic 

was worked with and proved suitable for non-

ferrous alloy casting cores baked at defined 

temperatures (Ademoh and Abdullahi, 2009
2
). Each 

of grades 3 and 4 gum Arabic were also 

successfully used as core binder in the series 

(Ademoh and Abdullahi, 2008; 2009
3
). The studies 

showed that each was a good binder at different 

acacia binder compositions but with the moisture 

contents and baking conditions of cores acting as 

determinant factors in their suitability. The paper 

preceding this one determined the optimum 

moisture content for Nigerian gum Arabic bonded 

cores (Ademoh  and Abdullahi, 2010). This paper is 

designed to study effect of variation of the other 

foundry property-determinant factors i.e. 

temperature and time of baking on such cores.  

 

3. MATERIALS AND METHOD 
 

Tensile strength is the most vital property of a core 

as it determines its ability to withstand thermal 

stresses imposed on it in the form of tensile 

expansion by hot molten metal during casting 

(Titov and Stepanov, 1982). The effect of varying 

baking temperature and time on this property was 

measured on core sand specimens bonded with 3% 

moisture and 4.5% Nigerian gum Arabic.  

3.1 Research materials: The research raw 

materials are purified water; silica sand with 0.3% 

clay that was pre-washed and oven dried at 110°C. 

It was classified with BS sieve of size range 40-72 

mesh (Titov and Stepanov, 1982). 100 gram of each 

of four commercial grades of pre-sorted Nigerian 

gum Arabic exudates, purchased from Sokoto, 

Bauchi and Yobe States.  

3.2 Core specimen preparation: Appropriate 

quantities of sand, each grade of gum Arabic 

exudates, and water were measured using a digital 

scale, mixed in roller mill for 10 minutes and 

moulded into test cores in accordance with 

experimental schedule in Figure 2-6. Specimens 

were in accordance with standard foundry practice 

shaped like figure number eight dimensioned as 

shown in Figure 1 (AFS, 1989). Each gum Arabic 

was decontaminated and powdered to BS sieve size 

of 20-50 mesh before adding to core sand mix. Test 

cores were bonded with mixtures of 4.5% grade of 

gum Arabic. Each specimen was moulded in a split 

core box and compacted with three blows each 

weighing 6.5 kg delivered from a height of 50mm 

in a standard rammer. They were classified and 

oven baked at 160°C, 180°C, 200°C, 220°C and 

250°C for 1-3 hours, oven cooled and then stored in 

desiccators awaiting tests in compliance with AFS 

standard (1989).  

 

 
 

Figure 1: Design of the cores for tensile strength test analysis (dimensions are in millimetres). 

 

3.3 Specimen test: A standard universal 

strength machine equipped with specimen gripping 

attachments and an instantaneous strength reading 

meter was used to conduct test. Each specimen was 

gripped with attachment of testing machine and a 

steadily increasing tensile force was applied on it 

until fracture failure occurred and the strength was 

read instantaneously. The results obtained were 

processed into graphs, analysed and used to draw 

reasonable conclusions on the research.   
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4. RESULTS AND DISCUSSION 

 
 

4.1 Results: The results of the research are 

presented in Figures 2 - 6. Figure 2 presents result 

of core specimens bonded with grades 1, 2, 3, 4 

Nigerian gum Arabic baked at 160°C for 1-3 hours 

and oven cooled. Figure 3 presents result of 

specimens baked at 180°C for 1-3 hours; Figure 4 

presents those baked at 200°C, Figure 5 presents 

those baked at 220°C; while Figure 6 presents those 

baked at 250°C and oven cooled. Tensile strength is 

a very critical property of foundry sand cores that 

measures their ability to withstand rupture stresses 

imposed on cores due to thermal expansion during 

casting.  

 

 

 

 
 

Figure 2: Tensile strength (in kN/m
2
) of cores bonded with the four different commercial grades of 

Nigerian gum Arabic bonded cores baked at 160°C for varying periods of 1-3 hours. 

 

 

 

 
 

Figure 3: Tensile strength (in kN/m
2
) of cores bonded with the four different commercial grades of 

Nigerian gum Arabic bonded cores baked at 180°C for varying periods of 1-3 hours. 
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Figure 4: Tensile strength (in kN/m

2
) of cores bonded with the four different commercial grades of 

Nigerian gum Arabic bonded cores baked at 200°C for varying periods of 1-3 hours. 

 

 
Figure 5: Tensile strength (in kN/m

2
) of cores bonded with the four different commercial grades of 

Nigerian gum Arabic bonded cores baked at 220
0
C for varying periods of 1-3 hours. 

 

 
Figure 6: Tensile strength (in kN/m

2
) of cores bonded with the four different commercial grades of 

Nigerian gum Arabic bonded cores baked at 250°C for varying periods of 1-3 hours. 
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4.2 Discussion of results: Figure 2-6 present 

the graphical plots of the tensile strength of core 

specimens bonded with each grade of Nigerian gum 

Arabic against the baking temperature of 160°C, 

180°C, 200°C, 220°C and 250°C for 1-3 hours. The 

result of cores baked at 160°C is presented in 

Figure 2. From the figure it is observed that tensile 

strength progressively increased with baking 

temperature for each grade of gum Arabic. This is 

explained by the fact that gum Arabic as a class 3 

type of binder that melts at elevated temperature to 

bind sand grain and on cooling down forms a 

strong bond. At 160°C no grade attained melting 

point at which this bond property is fully displayed, 

accounting for continuous increase in tensile 

strength as optimal strength was not reached. The 

melting points of this type of gum Arabic which 

affect fluidity and reactivity were determined by 

Ademoh and Abdullahi (2009
4
) in a previous work 

as 200-210°C (grade 1); 190-194°C (grade 2); 184-

188°C (grade 3); and 178-182 (grade 4). The 

amount of fluidity affected the bond reactivity of 

material. 

 

Bearing all other properties of gum Arabic this 

result shows that temperature effects play a major 

influence on the tensile strength of cores bonded 

with the material. This is evidenced by the fact that 

the baked tensile strength values at 160°C follows a 

trend of the proximity of melting point of each gum 

Arabic grade to baking temperature because of the 

higher fluidity which lead to faster molecular 

mobility and thermally assisted chemical reactivity. 

Thus at every hour of baking grade 4 gum Arabic 

bonded cores had the highest tensile strength 

followed by grade 3, grade 1 and then grade 2. 

However gum Arabic grade 2 bonded cores were 

overtaken in tensile strength by those bonded with 

grade 1 gum due to other overriding factors like 

reactivity and water solubility that enhance bond 

strength. Tensile strength increased with duration of 

baking because longer soaking afforded cores more 

time to energise their particles for better bond 

reactions.  

 

In Figure 3 the result of cores baked at 180°C for 1-

3 hours shows that the trend of tensile strength is 

almost similar to that in Figure 2 due to same 

reasons. A check on strength at each baking time 

shows higher values in Figure 3 (cores baked at 

180°C) than in Figure 2 (cores baked at 160°C). For 

instance at 2 hours baking in Figure 2 grades 1, 2, 

3, 4 gum Arabic bonded cores had tensile strength 

of 497kN/m
2
, 450kN/m

2
, 480kN/m

2
 and 498kN/m

2
; 

while in Figure 3 the values are 504kN/m
2
, 

505kN/m
2
, 582kN/m

2
 and 609kN/m

2
 respectively. 

These represent about 1.5%, 19%, 21% and 21% 

increments in grade 1, 2, 3 and 4 gum Arabic 

bonded cores respectively due to 20°C increase in 

temperature of baking (i. e 160°C-180°C). Thus 

changes in baking temperature affect the tensile 

strength of Nigerian gum Arabic bonded cores.  

 

The result of cores baked at 200°C for 1-3 hours is 

as presented in Figure 4. The curve of tensile 

strength for grades 3 and 4 gum Arabic bonded 

cores increased with baking period up to 2.5 hours 

at which it decreased. Curves for grades 1 and 2 

bonded cores continuously increased with baking 

time without reaching its peak. These are explained 

by the fact that 200°C is about 20°C, 12°C and 6°C 

above the melting points of grades 4, 3 and 2 gum 

Arabic and 5°C below melting point of gum Arabic 

grade 3 respectively. Therefore grades 3 and 4 

attained their optimum tensile strength at 2.5 hours 

of baking while grades 2 and 1gum Arabic bonded 

cores didn’t reach their optimum baked strength. At 

220°C of baking the result is presented in Figure 5. 

Because of the excess heat grades 3 and 4 bonded 

cores (baked at about 40°C and 32°C above their 

melting temperatures) decreased in tensile strength 

due to some binder getting burnt off with increased 

soaking period.  

 

At this temperature (220°C), the grades 2 and 1 

gum Arabic bonded cores acquired sufficient heat 

to display their optimum binding properties and 

their strength climaxed at 2.5 hours. Due to 20°C 

increase in temperature at 2 hours (i.e 200°C-

220°C), strength decreased by 38% and 36% in 

grades 4 and 3 gum Arabic bonded cores. It 

increased by 50% and 40% in grades 2 and 1 gum 

Arabic bonded cores respectively. This further 

confirms that changes in baking temperature do 

seriously affect tensile strength of gum Arabic 

cores. In Figure 6 where cores were baked at 250°C 

for 1-3 hours, grades 4 and 3 gum Arabic bonded 

cores decreased in strength after soaking for one 

hour, those of grade 1 increased up to 2 hours of 

soaking while grade 2 cores increased up to 1.5 

hours and thereafter slopped. Grades 1 and 2 

bonded cores that increased in strength before they 

decreased and grades 3 and 4 bonded cores all gave 

strength values much lower than result in Figure 5 

because of general burning of binders in cores 

suggesting that cores bonded with the material 

should not be baked at or above 250°C. Thus the 

higher the baking temperature from melting point 

of a grade of Nigerian gum Arabic the higher the 

severity of burning of cores bonded by it.  
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5. CONCLUSIONS 
 

From the foregoing it can be concluded that 

variation in baking temperature and time both have 

significant effects on tensile strength of foundry 

sand cores bonded with Nigerian gum Arabic. The 

best baking temperature and time for cores bonded 

with the grades 1 and 2 gum Arabic were found to 

be 200°C and 2.5 hours; while the optimum for 

grades 3 and 4 Nigerian gum Arabic bonded cores 

were baking at 220°C for 2.5 hours.  
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