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ABSTRACT 


The aim of this study is to dclenninc the effect of saw dust and palm oil empty fruit 

bunch in clay brick manufaclUring. A hand molding process was used to produce the 

brick samples. There are 2%wl and 5%\\'1 of saw dust and palm oil empty fruit 

bunch by mass that were used for this study. Compressive strength test and water 

absorption test were carri ed out. The result ob tains from each samples were 

compared to differentiates the effects of the waste towards the clay brick. The result s 

from the test show that saw dust is more suitable compared to palm oi l saw dust in 

clay brick production. For compressive stren,brth test , the average of 2% saw dust 

brick is higher than standard requirement of Malaysian Standard, while for 2% palm 

oi l fruit bunch, the strength is lower than Mala ysian Standard . For 5% samples, both 

wastes did not reach the requirement. Saw dust bricks also less porous than palm oil 

empty fru it bunch based on the water absorption test. 
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ABSTRAK 


Matlamat kajian ini dijalankan adalah untuk menentukan kcsan habuk kayu dan 

tandan sawit kosong dalam penghasilan bata tanah Ii at. Proses digunakan dalam 

penghasilall contoh bala ialah menggunakan teknik acuan. Komposisi habuk kayu 

dan tandan sawit kosong yang digunakan adalah 2%wl dan 5%\\'t mengikut berat. 

Oaya tahan mampal dan ujian penycrapan air tdah dilaksanakan. Kcputusan yang 

diperoleh i dari setiap sampeJ bala dibandingkan untuk mencntukan kesan bahan 

buangan terhadap batao Keputusan menunjukkan bata habuk kayu lebih sesual 

berbanding landan sawit kosong. Untuk ujian tahan mampat. purata 2% habuk kayu 

Jebih kuat berbanding Standard Malaysia, manakala untuk 2% tandan sawil kosong 

kckuatannya adalah kurang. Untuk contoh 5%, kedua-dua bahan buangan tidak 

mencapai kckuatan yang diperlukan. Bata habuk kayu juga kurang keliangan 

, 
berbanding bata tandan sawit kosong berdasarkan ujian penyerapan air. 
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CHAPTER 1 


INTRODUCTION 


1.1 Introduction to C lay Brick 

Fired clay bricks remai n one of the Illost lasting bui lding malerials known to the world 

wide bui lding industry. The first clay brick can be seen as far back as the Egyptian age. 

Clay bricks have an excellent fire rating, it is weatherproof and has really good quality 

propenies and is almost soundproof. and best of all it amount 10 only about 10 percent of 

the total cost of a typical residential building. 

Fi re--c lay bricks arc by far the largest group of refractory used in industry. The most 

conunon ra w material for the manufacture of firt:-clay bricks (chamotte refractory 

bricks) is clay. Clay is a sedimentary malenal consistin g of fi re particles (under 2 ~ in 

diameter) of crystall ized aluminum hydro-silicates with a layer structure. 

Nowadays, the production of brick from waste can be seen all over the world. There are 

many types of waSle that can be use to make brick. The likes of tea waste. Oy ash. red 

mud. and bauxite waste already proven can be use 10 make brick. But. there are still a 101 

of waste that can be study to determine whether it can be implement in production of 

brick. 
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Indeed. toward clean environment. it is a numerous research on wastes. Natural waste 

used as reinforcements in clay brick is not a new fact but it is widely used and has 

increased dramatically during the lasl few years. 

1.2 Introduction on Organic Wastes 

1.2. 1 Saw Dust 

Sawdust is composed of fine particles of wood. This material is produced from cutt ing 

with a saw, hence its name. Examples of uses of saw dust are as mulch. as fuel or as 

particleboard. Saw dust can be hazard especiall y in tenn of flammability. Saw dust can 

be found easily in Malaysia as sawmills industry is big. 

, 

1.2.2 Palm Oil Empty fruit Bunch (EFB) 

EFB is the residue of palm oil aner the fru it hunches is pressed at o il milts . EFB are yet 

to be fully util ized economically. The examples of the uses of EFB are as mulch and 

ferti lizer. EFB has been subject of environmelllal concern . As the burning ofEFB is now 

prohibi ted by Malaysia government , much of EFB are left to decompose. 
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1.3 Problem Statement 

The demand fo r recyclable, environmental friendly and energy savlIlg materials are 

Increaslllg every year. Many researches had been done in order to produce these types 

of materials. For clay bricks. the research to produce combina tion of clay and waste also 

had been carried out by many researchers. 

The purpose of combination of clay with waste is to produce porous bricks. Porous 

bricks have the abi lity to rel ease and abso rb moisture . The moisture is released during 

day ti me and absorbed during night time. The activity helps to regulate the temperature 

and humidity ofatmospherc in buildings ( I]. 

With the increase in the demand of porous building material s. therefore there is a need to 

study the potentia l of waste utihzation in brick production. There are two types of waste 

usually used with clay brick: organic and inorganic waste. In thi s project. organic waste 

is used. Saw dust and palm oil empty fruit bunch are used because thi s types of waste 

can be obtain eas il y in Saruwak. 

1.4 Objectives of Study 

The purpose or this study is to detenn ine whether saw dust and empty fm it bunch can be 

use in the production of porous brick. Saw dust and palm oil empty fruit bunches (EFB) 

which is organics pore forming materials are chooses because this types of waste can be 

obtain easily as there arc limited industry that can tum this type of waste into goods. 
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The characteristics of clay bricks produced from clay with saw dust and clay with EFB 

were studied and compared. The first objective is to study the mechanical propenics of 

clay with saw dust at different composition. The second objective is to study the 

Illl:chanical properties of clay with EFB at different composition. The third objective is 

to compare the propel1ies of clay with saw dust and clay with EFB bricks as we ll as 

finding the most suitable composition of clay and waste for brick product ion. 

• 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Introduction to Brick 

Brick are solid masonry urnts composed of inorgarnc non· metallic materials hardened or 

burned by heat or chem.ical action. Bricks arc eas ily handled with one hand. The smaller 

size of bricks may be a visual advantage in smaller buildings such as house construction. 

and facing clay unit s, which are often of very atLractive appearance. arc difficult 10 

produce in larger sizes. 
• 

Brick have different Iypes. from a great range of strengths, fini shes, densities. to thcmlal 

propel1ies. In Malaysia. bricks are commonly used as partition walls and facings. 

perimeter and garden wall. paving and floorings. It has been used in our house and in 

most buildings 

Bricks are produced in a wide variety of colors. shapes and textures. In our country. 

bricks are produced in abundance and with better manufacturing process: it otTers 

greater flexibility and varieties. According to Columbia Encyclopedia. brick al so can be 
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define as structural material that. in modem limes. is made by pressing clay into blocks 

and firing them to the requisite hardness in a kiln( 2]. 

Nowadays, there are various types of bricks availab le. New researches have been carried 

out from all over the world. The highlight of the research is 10 produce brick from waste. 

According to Ismail Demir. brick can be produce using tea waste. According to his test 

result. lip to 5% of tea waste can be used in brick production and tea waste also can 

improved the physical and mechanical propcI1 ies of the brick [3]. 

Another type of waste that can be use to produce brick is by using fly ash. According to 

Megan Ell is. the tedmique o f produ cing brick from fly ash is said to be more 

envirorunentally friendl y than producing traditi onal clay or concrete bricks [4]. 

, 
2.2 Unfired Clay Brick 

Unfired clay materials provide a sustainable and healthy alternative as a replacement to 

conventional masonry materia ls. such as fired clay and concrete block. in bOlh non-Ioad­

bearing and low rise load-bearing applications. Env ironmental benefits include 

s ignificant ly reduced embodied energy. thennal mass and regulation of humidity. 

Unfired clay masonry can replace fired blick and concrete block masonry in many 

applicati ons. with significant reductions in the consumption of natural resources. and in 

waste sent to landfill as the raw material s. 
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2.3 Paving Brick 

Paving bricks are a wondeIfu l surfacing material. Their color and texture add a unique 

touch to sidewalks. driveways oj' patios. Many paving bricks arc available in different 

paucms as well. The paving bricks add depth and character that can 't achieve with 

standard asphalt or concrete. 

There arc a lot of manufacturer for paving brick. Paving brick that have been produce 

must meet certain testing standard. There arc two main types of paving bricks which are 

concrete bricks and clay bricks: 

2.3,1 Concrete Paving Brick 

Table 2. 1: The Advantages and Disadvantages of Concrete Paving Brick , 

Advantaocs 

Rdat i\ el y chl!ap 

Disadvantages 

Col(lul's may fude ov~r lime 

Wick choice of blo.:k d Cplh~ . 

1OOmm OJ' morc 
li'om 40nun to Aggregate can hCC(lllle e:-;posed 

over time 

PklllYof shapes dl!signs to choose from Cannot lasl longer than clay 

Mass produced commen:ially availah k Colours are limited 
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2.2.2 Clay Paving Brick 

Table 2.2: The Advantages and Di sadvantages of Clay Paving Brick 

Advantages Disadvantages 

Natural coluur will not Colours may fade oyer tim\! 
fade 

Paltemed pm'ers available Priccs high~r th:m con\!!"cte. depending on 
colour 

VI..'r v harch\"l!'lrill" _ 0 Prone to mosses and \\ c\!ds 

Will last I(\ng~r lhan concrete Hard to cut and shape 

2.4 Types of Bricks 

2.4.1 Common Bricks 

Common bricks are defined as sui table for general bui lding work but having no spec ial 

claim to give an attractive appeardnce. The term 'commons' is applied to the many 

varieties of clay bricks which fall outside the categories of Facings and Engineering 

bricks. and have good load bearing propcJ1ies and are available in various crushing 

strengths. Thcy are widely used for foundations and are increasingly being spec ified for 
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calculated load bearing construction. Conunon bricks generally make an ideal backing 

for rendering. plaster and color wash. 

The strength and hardness of common bricks of all grades vary greatly with the local it y 

in which they are made on account of the difference in the cla y. Some of the salmon 

brick of New England are full y as hard and strong as the red bricks of other locali ties, 

particu larly in the West. As the color of a brick may be due more to the presence or 

absence of iron than to the buming. it cannot be used as an abso lute guide to the quality 

of the brick. 

2.4.2 Facing Bricks 

Facing bricks are specially made or selected to give an attractive appearance when used 

without plaster or other surface treatment of the wall. In genera l, facing bricks may be 

said to combine anraclive appearance with structural strength and good res i stan~~e to 

exposure. They arc available in a VtTy wide range of strengths. co lors and textures. 

Facings. constitute a steadily proportion of the output of the clay brick industry. 

According to ezinc al1icie. the use of face brick is often used in resident ial architecture 

for it s low maintenance propertics and oiten the aesthetics is overlooked completely. 

Face brick can be very aesthetically pleasing with its rustic look and a good architect 

might combine face brick with plastered areas 10 come to mOJe a balanced aesthet ic as 

face brick in ils single fonn can be a bit overwhelming. 
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2.4.3 Engineering Bricks 

Engineering bricks arc the most precisely defined variety in that they are required to 

possess perfonllance characteristics ascertainable by test. Engineering blicks are 

generally fUl1her sub-divided into Facings and Commons according to their appearance 

properties. It must be stressed Ihal to qualify as engineering's, brick must possess both 

the required strength and absorption propenies. 

Thus, for example, then: arc many excellent loads bearing common and facing bricks 

which can meet or exceed the compressive strength requirement for Class A engineering 

bricks. but are not classified as engineering's. 

Figure 2.1 : Common Brick [4] Figure 2.2: Facing Brick [5] 

---­-­
Figure 2.3: Engineering Brick [6] 

10 




2.5 Properties of Clay Brick 

Properties o f clay brick can be describe into two categories. mechanical and physical 

propert ies. 

2.5.1 M ecbanical Properties of Clay Brick 

There are several main mechanical properties for clay brick 

• Compressive strength and \Vater abso rpt io n 

Table 2.3 : Classification of Bricks by Compressive Strength and Water Absorption [ I J. 

A....... Comprealvo Stroqlb, 

(No .... tbu) 


Nlmm' U.S.A. 

........rID 


Avera.. Woter 
AIIoorptloa, % , 

(No Inlter tbOD) 

A 69.0 (10,000 psi) 4 .5 

B 48.5 (7.000 psi) 7.0 

"" Based 00 British Standard 3921 :1965 

• Durability 

Durabilit y is the resistance of the brick to allack by so lub le sail s. The durability o f bricks 

is varied based on their degree of res istance and thei r most appropriate use, 
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• efficient 

The thennal mass of clay brick helps regulate the temperature of our home throughout 

the day with less need for hea t or ai r conditioning. Clay brick is installed wi th a one-inch 

insulated pocket of air. This air space, combined with brick's thennal mass propel1ies, 

gives grcater energy efficiency than homes built with other matcri als. Less energy used 

means lower energy bill s. 

•  Density 

A density of clay bricks depends on the specific gravi ty of the clay. Its also 

depends on method of manufacturing and the degree of burning. The specific 

gravity range from 2.6 to 2.8 (7]. 

•  Porosity , 

Porosity is an important characteristi c of brick. In contrast to other mou lded or 

pre-cast building materials. the poros ity of brick is attributed to its fine 

capillaries. By virtue of the capi ll ary effect. the rate of moisture transp0l1 in the 

brick is ten times faster than in other building materials. 

•  Water absorption 

Water absorption is an important factor affecting the durabili ty of bricks. The 

less water that in fi ltrates the brick. the more durable and resistant to 

12 



environmental damage it is. The internal structure of the brick must be 

compacted enough to avoid the intrusion of watcr. 

• 	 Fire resistant 

Fi re resistance rating is a measure of the length (I f liJ11t: a wa lling clement will 

resist a fu ll y de\'elopcd fi re. Failure occurs in an demcm when its resi stance is 

overcoll1t: in a defined way. Firstly. if it collapst:s or its stl1lctura l ability is 

impaired. it is said to have failed at the time of collapse. Secondly. a wall can fail 

if it develops cracks and fi ssures through which hot gas or flame can pass and. 

thirdly. an clement can fail if the tempcrature on the sidc away from the fire 

ext.:eeds a cel1ain Ic\ c1. 

2.5.2 Physical P ro perties of Clay Bricks 

, 
There are several phys ical properti es of clay bricks: 

• 	 Colour 

The brick co lour depends on the composition of raw materi als and the degree of 

burning. The brick wi ll gain more strength and get darker colour i r burning at 

higher temperature. 

• 	 Texture 


The textures of clay bricks arc varied from flat to smooth and irregular. 
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2.6 Clay Brick Manufacturing Processes 

Clay bricks are made after a series o f manufacturing processes. 

1) Preparation of Raw Material (excavated & ground) 

The usual method for winning clay (extractin g from th e qu arry) is by heavy plant 

machinery. usually by excavators. For clay brick. pure clay usually been used. 

Pure clay mineral is fonned from the erosion and weathering of primary igneous 

rocks. The clay mineral is transported away by the act ion of water. wind. ice etc .. 

and fe-deposited elsewhere. In the process it picks up a number of impurities. 

Qual1z. mica. Calcium Carbonate (lime). Iron Oxide. elc. The subsequent deposit 

becomes a sed imentary rock (8]. 

• 
2) Clay Preparatioll 

Preparation consists o f IransfOiming the clay rock inlo plastic mould able materia l by 

a process of grinding and mixing with water. A typical factory might have a primary 

crusher: these are used to break down large lumps of rock 10 manageable size. which 

can then be fcd to a Secondary crusher (pul verizing). where the clay is reduced in 

size fu nher. The sc reening (filtering) tests then take place to obtain un ifonn clay 

size. 

14 



3) Forming or Shaping 

in thi s processes. the clay will be mix with water to a plast ic condition to obtain the 

des ired shape. 

Most bricks are fonned by these two basic processes. 

i) Extrusion 

The clay body is mixed to a fairly stiff tex ture and is then loaded into an extruder where 

a wonn screw push~ it along a barrel into a vacuum chamber which compresses it 

through a taper and out through a di e. 

The die is machined to a precise size and shape larger than the finished size o f the brick. 

calculat ing how much the clay wi ll shri nk during the drying and firing process. The clay 

emerges as a continuous brick shaped column. , 

The clay co lumn is then cm into s ingle bricks and pallet ised ready for the dryers or in 

some fac tories. are loaded directly ontO kil n ca rs . 

ii) Soft mud molding 

Soft clay is thrown into a mould : a mould re lease medium prevents the clay fro m 

sticking to the box (sand . o il or water). The excess clay is stuck o fT fro m the top of the 

mould and the bricks are tumed out. 
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In its most simple fonn this is done by hand by a craftsman who would produce one 

brick at a lime. This is labor intensive. slow and expensive usually only used now for 

making special shapes or decorative bricks. 

Figure 2.4: Extrusion Process [9] 

, 

Figure 2.5: Soft Mud Molding [10). 
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4) Drying 

Before the brick is fired. it must be dried to remove exeess moisture. If this moisture 

is not removed. the water will bum off too quickly during fi ring. causing cracking. 

5) Firing 

After dryi ng, the brick is loaded onto cars (usua ll y automaticall y) and fi red to high 

temperatu res in fu rnaces called kilns. In general. the cars that moved the bricks 

through the drying process are also used to convey them through the tunnel kiln. 

These ears arc pushed through the kiln's continuously maintained temperature zones 

at a specific rate that depends on the materials . 

6) Sorage and Sbipping 

After the brick is fired and cooled ~ it is unloaded from the ki ln car. Usually set in 

rows cleven bricks wide. a stack is wrapped with stee l bands and fi tted with plastic 

strips that serve as comer protectors. The packaged brick is then shipped to the job 

site. 
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2.7 Standard Size of Brick 

According 10 Malays ia Standard MS 76: 1972. the definition of brick is a walling unit not 

exceeding 337.5 mm in length. 225 mm in width. or 112.5 mOl in height [I I]. However 

the work size of standard brick that we usc in Malaysia is 215 mOl in length. 100 mm in 

width and 65mm in height. 

2.8 Introduction to Compressive Strength Test 

The compressive strength test is probably Ihe simplest and most widely used test to 

characterize the mechanical propel1ies of a material. It is perfonned for several reasons. 

The resu lts from the compressive strength test have direct design implications. Many 

common engineering structural components are designed to pe rform under stress. 
• 

Besides that. compressive propert ies frequently arc included in matclial spec ificat ions to 

ensure quality. and they are measured during deve lopment of new materials and 

processes. so that different matcrials and processes can be compared. The compressive 

strength test for the brick being tested in Malays ia is covered under MS 76: 1972. 

Standard/specification for bricks. 

Axial compression testing is a useful procedure for measuring the plastic now behavior 

and ductile fracture limits of a material. Measuring the plastic now behavior requires 

frict ionless (homogenous compress ion) test condit ions. whi le measuring ductile fractu re 
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limits takes advantage of the ban'cI fonnation and controlled stress and strain conditions 

at the equator of the barreled surface when compression is carried out with friclion. 

Axial compression testing is also useful for measuremCnl of clastic and compressive 

fracture properties of brittle materials or low-ductility material s. 

2.8.1 Compressive Strength Test Theory 

Place the brick with a bed face perpendicular to the direction of application of the load 

in the compressive test machine. The brick must be place in between two plywood's 

sheet! porous stone to ensure the brick has good contact with the bed face. The thickness 

of the pi>""ood 's sheet must not less than 2.4 mm and not thicker than 4.8 mm. 

~ "''<'" ' . ''' D.a,J 

Soi l 
SUQplc 

Figure 2.6: Compressive Strength Test [12 J. 
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2.8.2 DurabiJit~r Test 

Salt attack is the most common durability problem affecting bricks. In the form of a 

solution. salt can be absorbed into masonry. As the water evaporates, the salt is drawn 

towards the outside face. The evaporating water leaves the so lution super-saturated so 

salt c rystals begin to form. The salt crystals grow in the pores JUSt below the surface and 

depem.ling on the tex ture of the brick. the amount of sa lt, the rate of drying and the 

temperUllIre, the sail Illay fill the pores. exert ing very high pressures on the matri x. The 

energy in th e constrained salt crystal increases and if suffic ient 'pops' a piece of the 

outer surface off and sa lt atwck has begun [ 13 J. 

2.9 Saw Dust 

, 
Saw dust is a by-product of saw mills industries. It 's produced from cutt ing the wood 

wi th a saw. It can be obtained eas il y in Malaysia as a wood indusll), is one of the biggest 

industries in Malaysia. Approx imately. there are about 822 sawmills in operations 

(Peninsu lar Malaysia (455). Sabah (174) and Sarawak ( 193)[14J. 

EXpOJ1 of sawn timber in 2007 amounted to Rlv12 .9 bi llion main ly to Thailand. the 

Netherlands. Japan. People's Republic of China and Sou th A frica. Base on the amount o f 

saw mills, the saw dust that is produced also in huge amount. 

20 




While majori ty of saw dust left to be disposcd. there are still some industries that 

convert saw dust into goods. For example is saw dust charcoa l. It 's made from the wood 

sawdust without any additive which means its 100% natural. The other examples are 

S8W dust o rganic fertilizer. saw dust as fuel and in furn iture industry. 

This type of by-product can add hannful into our loca l water system, creating an 

environmental hazard. The argument is that saw dust cannot bring environmental hazard 

as the process is similar 10 the decomposition of woods in forest cannol be used as saw 

mills may be storing thousands of cubic metres of wood residues in one place. so the 

situation is totally different. 

2.10 Oil Palm Empty Fruit Bunches (EFS) 

• 
Malaysia was the fonner largest palm o il producer in the world . One of the major waste 

products is Ihe Empty Fruit Bunches (EFB). Malaysia's pa lm-oil industry current ly 

opera tcs more than 300 palm oil mill s that process pallll oil from 2.5 million hectares of oil 

palm estates throughout the country and produce more than a mill ion metric lOMe of empty 

fruil bunches (EFB) as wasle material every ycm"[ 15]. 

In 2008, Malaysia produced 17.7 million 101ll1CS of palm oil on 4.5 million ht!Ctares of land 

[ 16]. Malaysia is the largesl exporter of palm oi l in the world and the main destinations are 
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China. European counlries, Pakistan. USA and India . They are mostly made into cooking 

oil. margarine. specialty fats and oleo chemicals. 

In Malaysia, oil palm empty fruit bunch (EFB) is yet to be fully utilized economicall y. 

Some of them are used as fuel at the factories, but most of them are left unused. The 

others example of EFB used is as organic fertili zer and as a mulch. 

In its raw state, EFB is both very fibrous and wet. EFB regularly collected and 

discharged at palm oil mills. EFB consists of cellulose, hemicelluloscs. lignin and ash. In 

Malaysia, EFB is used to be burnt al Ihe mills, but nowadays such practice is almost 

banned. So. majority of EFB are returned 10 plantations sile as composts. 

Figure 2.7: Saw Dust [1 7] Figu re 2.8: Empty fru it bunches [18] 
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2.11 Previous studies 

2.11.1 	 Utilization of Kraft pulp production residues in clay brick production by 

Ismail Demir 

The mam objective of the study is to dctcnn ine the usabil ity of kraft pulp in 

constructional clay brick product ion. The amounts o f kraft pulp use are 0%. 2.5%. 5% 

and 10% WI. This amount of kraft pulp mi xed with raw brick clay. Effect on shaping. 

plast icity. density and mechanica l propenies were investi gated . 

According to Ismail Demir. the add it ion of kraft pulp to clay increases the requi red 

Wa teT content on plasticity. Fibrous nature o f krali pulp did not affect shaping process. 

Dryi ng shrinkage is slightl y increased. 10% wt of kraft pulp is found to be unsuitable. 

Kraft pulp can be effecti vely used for the pore fonning up to 5% wI. , 

Finally. Ismail Demir argues that the use of kraft pulp in brick production provides an 

economical contribution and protects the environment ( 19]. 

2. t 1.2 An investigation on the production of construction brick with processed 

waste tea by Ismail Demir 

The objective of the study is to investigate the effett of PWT addition on the propenies 

of unfired and fired building bricks. The tes r rhat included in this s tudy is durability test 
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and mechanical properties. Different ratios of waste (0%. 2.5%. and 5% by mass) were 

added to the raw clay. 

According to Ismail Demir, PWT addition increases the required water content for 

plasticity. He argues that with an increase add ition of wasle. leads to an increase in the 

drying shrinkage. Compress ive strength also increases with the increase of waste ratio . 

The test result also shows up to 5% of wastc can be added in brick product ion [3]. 

, 
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CHAPTER 3 


METHODOLOGY 


3.1 Introduction 

The objcctive of thi s experiment is to investigate the efTect of palm oil's empty fruit 

bunch and saw dust in clay brick production in term of compressive strength and water 

absorption. These chapten; show the research methodology that had been used ~HaI1ing 

from raw material to fini sh produc!. 

, 
The volume fraction of wastes used 10 compare wi th ordinary clay bri ck are 0%. 2.5% 

and 5% by weight. The brick produced using molding process and the mechanical 

propert ies tested were compressive strength and water absorpt ion. Figure 3. 1 show the 

process now starting from preparing a fraw materi als until final data coll ect ion. 

2S 



Preparation o f materials 

• Palm o il EFB 

• Clay 

Preparati on of prei iminal), testi ng 

• Detenn ine the time needed to prepare 

one sample 

• Number of specimen require for eaeh 

Producti on of brick 

• Drying process 

• Firing process 

Preparation of test spec imen 

• Compressive strength test 

• Wa ter absorpt ion test 

I Final data collection 

Figure 3. 1: Flow ChaI1 for the Experi ment Procedure 
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3.2 Material preparation 

3.2.1 Clay 

The clay uscd to make bricks for this project was obtained from Kitang Bricks Work. in 

Baw Kitang Kuching. Figure show the clay in original fonn. 

The Preparation consists of transfonning the clay roc k into plastic moldable material by 

process of grinding and mixing with water. Before thai, clay was crushed with crusher to 

break down large lumps of clay rock imo manageable size. Screening process then 

carri ed OUito alienate clay from other panicles. 

, 

27 



Figure 3.2: Clay 

• 

Figure 3.3: Clay Drying Process 

Figure 3.4: Clay after Crushing and Screening Processes 
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3.2.2 Palm Oil Empt)' Fruit Bunch (EFB) 

The empty fruit bunch used in this project was obtained frorn a palm oi l factory located 

in Serian, Sarawak. The first step is to clean the palm oil EFB . The EFB is clean using 

lap water until all the dirt and other panicles are totally removed. Then the EFB was left 

to dry under the sun. After that, the EFB was cut into small pieces for grinding process . 

Grinding process was carried out to obtain EFB in manageable size. The EFB was next 

screened to alienate removed the impurities. 

, 

Figure 3.5: Un processed Palm Oil Empty FnJ it Bunch 

Figure 3.6: Processed Palm O il Empty Fruit Bunch 
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3.2.3 Saw Dust 

Saw dust use in litis project was colletted from wood factory in Pending Industrial Park .. 

The first step in preparing this material by cleaned it by tap water for some time. The 

second steps was let it dry under the sun. A fier the saw dust dried completely, it goes 

ttu'ough blend process where the size of the saw dust reduced to small panicles. Then, 

the screening process will ensure that there are no impurities left. 

Figure 3.7: Saw Dust Cleaning Process 

Figure 3.8: Saw Dust Drying Process 
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3.3 Preparation of Preliminary Testing 

The clay and the waste were mixed manually by hand. The percentage of waste used 

was 2 % and 5%. The clay and waste were mixed logethcr for some lime 10 make sure 

the mixture properly mixed. The next step was adding water into the mixture. The 

quantity of water used is depending on the mixture. The ri ght amount of \vater can be 

know if the mixture can be manage easily during molding process. 

After the mixture is ready, the mixture then PUI into the molding. To make sure the clay 

distribute evenly in the molding without Icaving an y space, the mold was hold in higher 

position. than the mold was hurdled down. Figure 3.9 shows the mold ing process. 

, 

Figure 3.9: Molding Process 
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3.3.1 Clay Brick Drying Process 

After the unit of brick fonned using molding method, the unfired brick must first be 

properly dri ed. This is extremely important part of the manufacturing process. Moisture 

in brick must be limited at thi s time to prevent mechanica l defect occurring when the 

brick is exposed to the extreme heat of the kiln. The drying process was done at room 

temperature for couples of day until the brick is ready for firing process. 

Before the firing process, the samples of natural dry brick were examined carefull y. 

Only the brick with no defect is choose as sample. 

, 

- -- - - --_. 

Figure 3. 10: Unfi red Brick 
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3.3.2 Firing Process 

After drying. the brick was tired using kiln. Actuall y. two processes happened here. 

firing and cooling. The maximum tempera lUres sct for furnace is 900 degrees . The 

tcmpcrature need to be control to ensu re thc quality of the product produced. A fler 

firing. the brick was left 10 cool down in furnace 10 make sure thc tcmperalure is down 

constantly. 

This process is al so imponanl 10 make sure the brick did not expose to room temperature 

while il is hot to avoid defect that may occur. The firing and cooling process take about 

3 days to complete. Figure 3.11 shows lhe time and temperature for firing and cooling 

processes. 

Based on the Figure 3.1 1, the temperature of the kiln was sct to rise from 27°C to 120 , 

°e in 720 minutes. After temperature reach 120 IIC, it ri se again to 500 °c in 420 

minutes. The time sel for temperature ri se from 500 lie to 900 "c is 360 minutes. During 

thi s time. the temperature was hold for 120 minutes to ensure the heat evenly distributed 

in the kiln. After hold for 120 minutes. the cool down duration was set to 120 minutes. 

Figure 3.12 shows the fired brick. 
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Figure 3.1 J: Chan for Temperature vs. Time 

Figure 3.12: Fired Brick 
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Figure 4.1 shows the average value of compressive strength of O%wt waste. 2%wt and 

5%wt of saw dust. The dash line denotes the compressive strength requirement based on 

Malaysian Standard. For O%wI waste, the value obtained is 11.855 MPa. The value of 

O%wt waste obtained show that the average strenglh is clearly higher than minimum 

strength required based on Malaysian Standard which is S.2 MPa [11]. The average 

strength is two limes higher than Malaysian Standard. 

Based on the result. the method to produce bricks in this project can be accepted as it is 

proved to give sufficient strength to the bricks. For the other samples. only samples 

bricks with 2%\\'t saw dust show the average compressive strength higher than 

Malaysian Standard which is 7.1 49 MPa. The average strength is higher by 37.5% when 

compared to Malaysian Standard. For 5%wI saw dust. the value of average compressive 

strength is 3.796 MPa. which is lower compared to Malaysian Standard by 27%. 

, 
Thc result s also show that the compress ive strength of the bricks is inversely 

proportiona l wi th the amount of saw dust used. The increase of amoun t of saw dust 

result in decrease of the compressive strength of the bricks. 
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