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ABSTRACT

In this work the effect of additives on the mechanical properties of some cement products were
studied. After a 14day curing period, it was observed that, at 20% replacement level, PBA gave a
compressive strength of 10.204 N/mm’ whereas SDA concrete gave a compressive strength of
8.163N/mn?. Smilarly, compressive strengths of 5.405N/mnt* and 14.80N/mn"* were obtained
for PBA and SDA respectively at 40% replacement level. These fell within the standard
compressive strength for classes A, B and C blocks which are 4.0N/mm? (min.), 3.0N/mn? (min)
and 2.5N/mm (min), respectively. With the 20% and 40% replacement with PBA and SDA
showing these compressive strengths, a larger amount of cements meant for mortar preparation
would be saved and the wastes disposal problems would be avoided. Smilarly, the sanitation
problem created from the palm oil production as well as the furniture industries would be
reduced.

INTRODUCTION

Waste disposal in every society has been a problgom households through industries to
institutions, waste generation and disposal hawegb& major concern. In view of this, several
solutions of handling this problem have been deyedo The utilization of residue from
agriculture has primary and secondary energy sotimeexample, coconut shell, corncob, saw
dust may be used as fuel without any suitable g since they have low energy content
[13]. Wastes from some agricultural produce aresivdieg attention now since they generally
improve the properties of blended cement concréfelf such a situation, the environmental
problems associated with their disposal would bauced [2,3] and also the mechanical
properties affecting the cement-construction indestwould be improved. Some additives may
play an important role in further improvement o thboundness of cement by way of nullifying
the harmful effects of the impurities present ia thatrix [15]. Recently, the use of agriculture
solid waste materials as additives in the manufaabd blended mortars and concrete has been
the focus of research [4, 5, 6]. Rice is a seastogl which contains much starch and its husk is
also abundant in many parts of the world. The arhotiwoody fiber or cellulose is considerable
for rice with husk, but only slight for samples out husk. The excessive amount of ash in husk
is very remarkable and the ash contains up to é@@ercent of silica (which is responsible for
the flexural and compressive strength propertyhef ¢ement). Sugarcane bagasse ash obtained
by combustion consists of a high amount of sili8&¥) and unburned carbon which is used as
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an adsorbent and admixture of concrete and cem@ht When rice husk is properly burnt at
temperatures lower than 7 Silica is obtained in amorphous form and witbgar grinding
(milling) becomes suitable for in Pozzolan cem&imilarly, when it is acetylated with NBS-
catalyst it can be used as oil spill sorbent [Th reactive rice husk ash is used to produce good
guality concrete with reduced Ca(QHInd higher resistance to Sulphate attack. Simjl#nkere

has been an innovative use of maize husk ash (M&$Ajiller in concrete [7]. For example,
MHA in the range of (0-30) % has been used in regears as a partial replacement for
ordinary Portland cement. In different mix ratias,gives varying but improved concrete
properties such as compressive, split tensile gtinsh and modulus of rupture. Concrete is a
composite that consists of cement, sand and sidslto reinforce it [14]. Various studies have
shown that the setting time of MHA concrete alwenseases with higher ash content, while the
compressive, split tensile strengths and modulusigtiure shows a reverse trend. Saw dust ash
and palm bunch ash are wastes from the wood arul @o@d palm oil industries respectively
whose disposal has become a problem. Most of ouitime makers produce huge amounts of
saw dust daily and its disposal have been a praldkemme have been deposited and have turned
into heaps and people living nearby have takenradge of this situation by turning the place
into a refuse dump. Most of these piles up in ammmunities and when the wind blows, it is
carried up into the atmosphere thereby pollutind@metimes it is burnt and the smoke fills the
air for some time. In other for this to be avoidadpther means should be employed where these
wastes would be reused. Similarly, the palm bunspasal has been a problem. A few is used as
source of fire and the rest dumped in nearby blibk. most likely industrial section that could
use for these materials is the cement block inohssfB]. Cement block are manufactured from a
mixture of Portland cement, sand and water in warjgroportions.

However, some properties of cement blocks with Sast Ash (SDA) and Palm Bunch Ashes
(PBA) as a replacement for Ordinary Portland Cen{@RC) have been investigated. If the
amount of cement could be reduced and replaced eittier of these wastes, the cost of
production and prices of cement blocks could rediites would encourage more buildings to
be put up to cater for the housing deficit that ¢cbantry faces. Similarly, most of the pavement
blocks would be produced to help in the city bdaaiion project.

MATERIALSAND METHODS

Equipment/ Apparatus

€)) Mixer and mixing bowl (g) Damp cloth (wet)

(b) Measuring balance (CYO J.K. 200) (hpervious plastic plate
(© Straight-edged knife (i) Rubber scraper

(d)  Vibrating machine (j) Spreader

(e)  Water-Resistant ink (k) Oven

() Cubic moulds(70mmx70mmx70mm)

Operational Conditions

Curing temperature is at19D),
Temperature in preparation room is at@9
Humidity level not less than 60%,
Temperature for testing area is’C9

Raw materials
PLC class 32.5R (Portland Limestone Cement @a$s Rapid), Sand and Water
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Additives
Palm-bunch Ash (PBA) and Saw-dust Ash (SDA)

Proportion of Mixing of Materials
Table 1 summarizes the variation of mixing promors of mortar used. In table 1 the various
ratio of the additives (PBA and SDA) are shown.

Table 1: Mixture of PBA and SDA in various proportions

Material | PLC (%) | PBA (%) | SDA (%)
PLC 100 - -
20PBA 80 20 -
20SDA 80 - 20
40PBA 60 40 -
40SDA 60 - 40
60PBA 40 60 -
60SDA 40 - 60

Table 2 shows the details on the mixture of cenmantture with different proportions of
additives added.

Table 2: Mixture of cement mixture with various proportions of additives

Replacement levels of additivesin percentages (%)

Materials used No additive (g) 20% 40% 60%
Mass of cement(g) 360 288 216 144
Mass of additive (g NIL 72 144 216
Mass of water (g) 108 180 180 180
Mass of sand (g) 1080 1080 1080 1080

(A) PREPARATION OF MORTAR WITHOUT ADDITIVE
Composition of the mortar
Each of the 2 (two) tests for a batch is made upeshent, Water and Sand.

Batching of mortar
The Cement, Sand, Water and apparatus were keptadibratory temperature of @ and the
weighing was carried out using a balance with deitesition of + 1.0g

Mixing of mortar

Each batch of mortar was mixed mechanically ushggrhixer. Measured quantities of cement
and sand were poured into the mixer bowl and wiamed initially at low speed. Water was then

added steadily after every 30seconds. The mixeegd was then switched to high for an
additional 30seconds. After 90 seconds, mixing stapped and the mortar adhering to the wall
and bottom part of the bowl was removed using ®&eulscraper and placed in the middle of the
bowl. Finally, mixing was continued at high speed80 seconds.

(B) Preparation of the mortar (with additive)

Composition of the mortar

Each batch of 2(two) test specimens consist of ognsand, water and additive of varying
proportions (ref. to table 2)

Batching of mortar (with additive)
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The cement, sand, additive (PBA or SDA) and apparatere kept at a temperature range of
(17-19¥C and the weighing was carried out using a meagratance.

Mixing of mortar (with additive)

Each batch of mortar containing either PBA or SD&svimixed mechanically using the mixer. A
measured quantity of cement, sand and additive paueed into the mixer bowl and was turned
on at low speed. After 30 seconds, water was syeadded and for an additional 30 seconds
mixing was done at high speed. The mixer was stafier 90seconds for the mortar adhering
to the walls and bottom part of the bowl! to be reetband placed in the middle of the bowl.
Finally mixing was continued at high speed for Gosels.

Preparation of test specimens
Size of the block specimen mold = (70x70x70) mm

Molding of test specimens

The specimens were molded immediately after prépara of the mortar. A
(70mmx70mmx70mm) mould was filled with the pasténgsa spreader and was compacted
using a vibrating machine. The excess mortar wadket-off with a metal straight edge held
horizontally and moved slowly with a transverse isgumotion once in each direction. The
surface of the mould containing the paste was sheoatd using the same straight-edged knife
held almost flat. The mould was then labeled emtdy the specimens.

Curing of test specimens

Handling and storage before demolding

A 75mmx75mm glass plate sheet of 6mm thicknessplased on the labeled placed in a moist
place without delay. The moist air was made toehawcess to all sides of the mould. After
24hours, the mould was removed from storage andodieled by dismantling to remove the

specimen and cured in water af@9

Density of cured specimens

The density of the cured specimen after 7 daysdeteymined using the mass and the volume of
the cured specimen was also calculated as:

V, Volume of specimen = (70mmx70mmx70mm)

Volume of specimen = (3.43x0nnv= (3.43x10% m®

The measured mass of specimen divided by the volfrige specimen would give the density
of the specimen.

Testing the specimen for compressive strength
The cubic specimens were centred laterally to taeps of the machine and the load was
increased smoothly at the rate of about 2600N/8ear. the entire load application until fracture.

Thus compressive strength, Cs in N/mmas calculated as:

Fc
Cs = 7 (1)
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whereFc is the maximum load at fracture (N) and 4900n=YOmm x 70mm is the area (A) of
one side of the cube.

Water absorption of specimens
The water absorption, (XY of a cured specimen was calculated as:

w, = L0 % 100 )

4

Where W is the final weight after curing and;W the initial weight before curing.

RESULTS AND DISCUSSION
The results of the final densities of mortars aitefays curing are given in table 3 above. It was
observed that the final average densities of alltiortars (PLC, PBA and SDA) were almost the
same. The reason is that, for each mortar prepataditotal initial mass of 1640g (equivalent to
1.64Kg) was used and was made to occupy a cubitdnebgonstant volume,
V= (3.43x10% m®. Table 3 summarizes the details on densities i&fctapecimen.

Table3: DENSITIES OF CURED SPECIMENS

Cubictysg:cimen Final Ma(s;g:;tfter curing Donsiy. I!)Zi:n,\zjllijensity aﬁiig?;gnegélég/s?y i

(Kg/m®) (P1+P2)/2

Etg; 8:;22 22%21 );( Ifbo 2.1865 X 16
ggﬁgﬁ; 8:;;2 gzcl,ég § ﬁg 2.1065 X 16
20502 o740 2570 2179 X 19
oPeA2 0655 2o o 2019 X 19
f@ggﬁ% 8:222 i:gg? § ﬁg 1.946 X 106
coPBA2 o655 Tires 201218
ggggﬁ; 8:;;2 2;113 § gg 2.114 X 16

Considering table 4 and figure 1, PLC (control) ggaan average compressive strength of
22.45N/mm. At 20% replacement level, PBA gave an averageptessive strength of 10.204
N/mn? whereas SDA concrete gave an average compressivgth of 8.163N/mrm
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EPBA, water absorption %
m SDA, water absorption %

0% 20% 40% 60%

Figure1l: COMPRESSIVE STRENGTH VERSUSREPLACEMENT LEVEL

Table4: COMPRESSIVE STRENGTHS OF CURED SPECIMENS

Cubic specimen| Maximum load, L at fracture (KN gtcr) g\pr&sscl:vse Average compressive strength
type after curing Cs = Fc /g (’N /m' R Cs, (N/mnf)
PLC1 120.0 24.49
PLC2 100.0 24.41 22.45

20PBA1 50.0 20.204

20PBA2 50.0 10.204 15.204
20SDA1 40.0 8.163

20SDA2 40.0 8.163 8.163
40PBAl1 28.0 571 5.40
40PBA2 25.0 5.10 '
40SDA1 75.0 15.31

40SDA2 70.0 14.29 14.80
60PBA1 4.0 0.82 0.87
60PBA2 4.5 0.92 '
60SDA1 0.5 0.10 014
60SDA2 0.2 0.04 ’

On the other hand, compressive strengths of 5.486K/and 14.80N/mmwere obtained for
PBA and SDA respectively at 40% replacement leieerestingly, for 60% replacement level,
reductions in strength after 7days were apparenimiatures containing PBA and SDA. The
reason could be that, cementitious materials suwhDgalcium silicate (2CaO.Sip and
Tricalcium silicate (3CaO.SiK) which are dominant in PLC contributed greatly toe
compressive strength of the cement concrete whd@meealcium aluminates (3CaO.AD;) and
Tetra Calcium alumino ferrites sped up the settimg of the cement. PBA on the other hand
may contain Chlorides and other salts [9]. Gengrathen ordinary Portland Limestone Cement
is partially replaced with PBA, the compound whadntributes to the compressive strength is
reduced significantly and it is not enough to bottler materials together. The chlorides and
other salts which may be introduced into the cenoemicrete induce the formation of cracks,
thus reducing the compressive strength of the P&#iete. Hence, PBA is only good for use as
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an additive at 20% replacement level of PLC. SDAtams mainly silica thus giving the
concrete appreciable compressive strengths at 20P4@% replacement levels respectively. At
60% replacement level, a lot of CaO is not avadahlthe Portland Limestone Cement to form
either 3Ca0.Si@or 2Ca0.Si@ hence the hydration reaction produced would be w@nimal
leaving a significant number of regions unhydrgte@]. This means that the porosity in such

SDA concrete is increased.

Table5: WATER ABSORPTION OF MORTARS

0%

20%

40%

60%

Initial Mass, | Final Mass, Mass
Cubic Specimen M, M Difference Water absorption Average water
Type (Kg) before (Kg) after Mp (Kg) ' (%) absorption (%)
curing curing p (K9

PLC1 0.74 0.75 0.01 1.40 205

PLC2 0.74 0.75 0.02 2.70 )
20PBA1 0.69 0.73 0.032 461 463
20PBA2 0.69 0.72 0.04 4.65 )
20SDA1l 0.72 0.76 0.035 5.59 597
20SDA2 0.71 0.74 0.03 4.96 )
40PBAl 0.66 0.69 0.035 4.55 493
40PBA2 0.66 0.70 0.025 5.30 )
40SDA1 0.63 0.65 0.025 4.00 4.99
40SDA2 0.66 0.69 0.03 4.58 )
60SDA1 0.64 0.69 0.05 7.87 7 40
60SDA2 0.65 0.70 0.045 6.92 )
60PBA1 0.71 0.73 0.02 2.84 284
60PBA2 0.71 0.73 0.02 2.84 )

8

7

6

5

4 ® PBA, water absorption %

3 m SDA, water absorption %

2 .

1 .

0 .

Similarly, table 5 and figure 2 describe the tremdthe water absorption of both PBA and SDA
concrete at increasing replacement levels. Thervedisorption for PBA concrete increased as
replacement level was increased from 20% to 40% tweth gradually decreased as the
replacement level reached 60% .Unlike PBA, SDA sttbva decrease in water absorption as

Figure2: WATER ABSORPTION VERSUSREPLACEMENT LEVEL
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replacement levels of PLC were increased from 20%006. Again, at 60% replacement level,
there was a sharp increase in water absorption hwbmresponds to a decrease in the
compressive strength of the SDA concrete. Whenwtager absorption is high, it implies the

pores within the concrete are high, the particleshaterials are held loosely and the binding of
other materials is poor. If the water absorptiofows, it implies that the pores are minimal and
the arrangement of the materials is compact (fhdhe particles are held together strongly).

CHEMICAL REACTIONSINVOLVED IN THE SETTING OF CEMENT
During hydration, silicates and aluminates of aaitiget converted to their respective hydrated
colloidal gels.

3Cal AlaDg + 6H O ——— 3Cal AlaOq  6H 0
tricalcium aluminate hydrated colloidal gel of tricalcium aluminate
2Ca0. 5102 + xH O —— 2Cal, S0z . xH O

hydrated colloidal gel of dicalcium silicate

At the same time, hydrolysis precipitates calciydrbxide and aluminium hydroxide.

3Cald. 50 + HolD —— CE(OH:IQ +  2Cal 500
tricalcium silicate dicalzium silicate

Calcium hydroxide binds calcium silicate partictegether. Aluminium hydroxide fills the
interstices (intervening space) rendering the nmapervious

3Cal A0y + 6H0 —— ZCal0OH)e + 2 A(OH)g
tricalcium aluminate aluminium hydroxide

Gypsum reacts with Tricalcium aluminates.

3Cal AlaDg + 3CasS04 + 2H 0 — = 3Cal Ala05 . 3Ca50,4 . 2H0O
calcium sulpho aluminate

The fast-setting Tricalcium aluminates are remotegedlow down the setting process. A quick
setting will give rise to crystalline hydrated dalo aluminates. A slower setting yields the
colloidal gel that imparts greater strength to $leé mass. Thus gypsum helps in regulating the
setting time of cement.
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Figure3: COMPRESSIVE STRENGTH VERSUSWATER ABSORPTION

Finally, it was observed that, as water absorpiicreases for both PBA and SDA, the
compressive strengths decreased for both. Therefoglh compressive strength is always
obtained at lower water absorption.

CONCLUSION

In conclusion, the use of Saw Dust Ash (SDA) isdyab 40% replacement level of Portland
Limestone Cement (PLC) whereas the use of Palm iBuxsh (PBA) is also good at 20%
replacement level of Portland Limestone Cement (PLEmilarly, the SDA additive in the

concrete gave a better compressive strength tleaRBIA additive.
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