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CHAPTER 20

Impact of heat of Hydration of Blended
Palm Oil Fuel Ash and Pulverised Burnt
clay on the Sustainability of Self
Consolidating Concrete

Ibrahim Ogiri Hassan, Mohammad Ismail, Zaiton Abdul Majid
& Muhammed-Baba Abubakar Wun;i.

Introduction

Industrialisation has availed humanity the opportunity to produce
commodities in commercial quantity. In the process, a substantial amount
of waste is being generated and in most cases deposited in open landfills
thereby constituting environmental pollution. For instance, the generation
of power from agro-industrial waste after the extraction of palm oil is
usually associated with millions of tons of palm oil fuel ash (POFA). In
Malaysia alone, about 5.6 million tons of POFA is generated annually [1].
Also, another industrialisation product that is noteworthy is clay brick. I
fact, it accounts for about 25% of the total building materials requirement
by mass 12, 3] Additionally, it constitutes about 40% of the total
dm“DI}‘l“"{ waste annually. Like any other waste, it is in most cases
deposited n open landfills thereby adding to the environmental burden. To
reduce the impact of these wastes on the environment without jeopardizing

the output n_f the indl}su-ies. series of research efforts have been geared
tnwnn.is their potential application [4,5]. Consequently, these waste
materials have been used to improve the fresh and hardened properties of

Heat ﬂf hydration - _lfﬁrl'im!i,rﬂ:;Ir the property of fresh cement paste in its
Thtmis 'mgrslnt:. It is in most cases associated with the evolution of heat

5 implies that when CEment comes in contact with water, the cement
grains became hydrated and began 1o undergo a chemical reaction which
gradually resulted in the dissipation of energy in the form of heat. Thus, the
amount of heat generated upon complete hydration of a certain quantity of
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i )quated given temperature is referred to as the heat of

heat of hydration is a very important phenomenon that has direct
pearing N the mechanical, deformation and durability properties of
Supplementary cementing materials (SCMs) with high

ic activity, such as silica fume (SF) and metakaolin (MK), react

with calcium hydroxide (CH) released during the hydration of or::[inary
portland cement (OPC). This reaction leads to increase in the heat of
hydration due to l‘h_ﬂ exothermic effect of the pozzolanic reaction in
ison with mixtures containing 100% OPC [6]. The pozzolanic
activity of the SCMs is usually evaluated through the strength activity
index, which is referred to as the ratio between the 28 days compressive
srength of two specimen mortars containing 20% SCM and 0% SCM

(100% OPC).

“The acceleration in OPC hydration was observed to be obvious as a result

of increased rates of heat evolution in OPC-SF and OPC-MK mortar mixes
.;"..:L ). Fo example, Ambroise et al., [7] attributed the increase in the heat of
 hydration of MK mortars in relation to that of plain OPC mortar to the

Jerating effect of MK on OPC hydration. It is therefore pertinent to

-:"__;..:. the maximum observed temperature rise occurs in mortar mixes
aining 10% MK as partial replacement of the OPC. It has been reported

1 nclusion of finely divided SCM into concrete systems can
lerate OPC hydration, particularly, if the material exhibits high
[ _'1 AT :. aﬂﬁvity [?_-L

sequent] y. an increase in the heat of hydration can have a negaiiive
ton the general performance (mechanical, deformation and durability)
e mortar and concrete Systems. This is primarily due to _vnium:
'f{ﬂ]ﬁﬂk&gﬂ) and mjcrg-cra(:k formation 35, a result of induced

stresses. Contrary to this assertion. investigation of the effect of the
| of POFA in mortar and concrete mixes revealed that it does not
duce the heat of hydration but also delayed the time at which the
Mperature occurred [8]. In other research, it was f:nund that high
teplacement of OPC with POFA is specifically suitable for mass
* where thermal cracking due 1 excessive heat generation is 2
sencemn [9].

.::j “A has been successfully
© vased mixtures, its application a

used to control the heat of hydrauon
bove 15% impact negatively on
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al self-consolidating concrete (e
Pidlag hib‘h

ngth celf-consolidating concrete (HSSCC) and self-consolidatipg |

mffmmancﬂ concrete (S ). Furthermore, owing 1o the applicati, Igh
EEHFC in very large pre-cast .:md pre-stressed concrete elements ang ';iﬁf
other areas of mass cuncre}mg. heal_ generation must be given dztf
consideration. Nonetheless, literature in the area of heat of py E!r:uir,:

associated with SCHPC is very limited. In fact, there is no literature o "
effect of binary Or 4 ternary blend of POFA armd PBC on the hey ['1;
It is in this regard that this research work seeks l;.

hydration of s : .
e:slnit the benefits of the addition of calcined clay in the form of PBC gy

POFA in controlling the heat gcncraled during the production of SCHPC,

the fresh properﬂcs of norm

Materials and methods

Materials sourcing and processing

Palm oil fuel ash

Palm oil fuel ash (POFA), is a waste product obtained in the form of ash on
burning palm oil husk or fibre and palm kernel shell as fuel in palm oil mill
boilers. In the present study, POFA was obtained from a factory in Johor,
southern state of Malaysia. The material was collected directly at the foot
of the flue tower where all the fine ashes are trapped while escaping from
the burning chamber of the boiler. The ashes were then dried in the ovenat
105°C for 48 hours in the laboratory and then sieved through a 150um sieve
and then ground to a very fine powder using a Los Angeles abrasion
machine. Afterword, various tests were carried out to evaluate the
suitability of the ashes.

b mm burnt clay that was used in this study consisted
- of fire clay Mﬂﬂt were calcined at about 1000°C and were
- . brick factory in Malaysia. The fragments Wert el

: '- , they were reduced to smaller sizes with h¢ help of &

of fragments
discarded &
f different

ey
: v i) UES
: \ was then dried in the oven at mﬁuc_mr -"% h.:':n:
- the material was then reduced to much smaller grain SUC" e
odifie h‘“ then sieved and then ground to a VerY jine ¥
s Angeles abrasion machine.

N A

R T wmﬂtﬂry cementing matc[‘iﬂls ach fOf
apr were tested using three different replical % ity
. visual inspection, specific gravity using

Size analysis using CILAS 1180 particle size and™

o
-
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m wet sieving, pm dry sieving, 150 um dr diovhe .
l;m area by Brunauer Emmet and ':"lellcr }:{Efg;;ngm::}]d JPBC“ﬁc

- tics AS:AP 2020_ model. Oxide composition was dgmn:f::-ﬁ

ing Flame atomic absorption spectroscopy (FAAS) using the Bruker 54

or model [10]. and loss on ignition. Also, accelerated pozzolanic
v Was camecl out in accordance with the procedure used for silica
'__#5 [Il‘13>"'l""lll'-flfﬁil in [11]. Furthermore, the morphological and microscopic
sis was carried out by scanning electron microscopy (SEM). The SEM
SUPRA FESEM versatile ultra-high resolution with a variable
ressul € solution, equipped with an energy dispersive X-ray analyser
EDX). The EDX was used to analyse the glassy phase (amorphous) and

e elements composition of the respective powders.

I ?'_';-!';- e materials and mixes

ement used for this work is an Ordinary Portland cement Type L
ming to ASTM C 150 [12] specification, palm oil fuel ash (POFA)
ilverized burnt clay brick (PBC) were used as SCMs. Well graded pit

und 12 mm maximum sized coarse aggregate with characteristics as

-arboxylic-based polymer was used as the high range water reducer
8 e HRWR is amber in colour in addition to other characteristics
i =
n in Table 1. Normal tap water conforming to ASTM
1602M([ 13] specification was used to produce the SCHPC systems

he research work.

y, a total no of 5 different concrete mixes were prepared usit:

i a blended POFA and PBC content of 10%, 15%. 20% and
i ly as cement replacement. The concrete mixtures Wi

g the revolving type pan mixer with a nominal capacity vf
. hsmClgyClQZM[M] specification. The mixture
- respa:tl :ve SCHPCs is as shown in Table 2.
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Table 1

the constituent materials
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Physical properties of
Material

Properties

Coarse aggregate

Fine aggregate

High range water reducer (HRWR)

Specific gravity on —turated surface dry basis: 2.56
Oven-dry basis, bulk density: 1609 kg/m3
Absorption: 1.6%

Total evaporable moisture content: 0. 1%

Void content: 37%

Specific gravity on saturated surface dry basis: 2.55
Oven-dry basis, bulk density: 1682 kgfm3
Absorption: 1.8%

Total evaporable moisture content: 1.0%

Fines modulus: 2.4

Void content: 33.4%

Specific gravity: 1.10
pH value: 8
golid content: 42%
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Impact of heat of Hydretion of Blended Palm

Table 2 S

Mixture composition of the respective self-consolidating high performance concrete .

e | COFA. FDC Wi/ Coarse P Comenl SOnA PBC  Water HRWR

Momenclature (% of (% Ratio aggregsle  ,ooregate (kg) (kg (k) (kg (% of
B of (k)
B)
77 -

INC1IP0:0 0 0 0.30 #£11.20 £11.20 532,00 0.00 0.00 LEL~! 1.50
INC2IPS:S & 5 0.30 £11.20 811.20 473.93 76.33 26.33 178.64 1.75
INCIPL0:S [LY] 5 0.30 £11.20 g11.20 44426 5227 26.13 176.74 2.00
10C410:10 10 ip 030 §11.20 811.20 41628 52.04 52.04 175.32 2.25
INCSP15:15 15 1s 030 811.20 g11.20 35098 77.14 77.14 172.82 2.30
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The cxpeﬂmtnlal setup unm-u:-‘.lcfl of cubical plywood of sides ;‘t*'r"‘nTi{.

faces Were we insulated with 76 mm ri -:H. e
T

ast into the box, a therm, ‘Pa

internal sur
pg|ys:3rrcm, Before the concrete was €
passed through 10O the centre of the box thr ugh a hole 1 .
through the po!yprupylene foam that was used as the lid 'l-' .W "
(a) and 1 (b). It was then connected to a data ﬂtqui; v shown
logger)- |mmediately after the setup, the room ition s

t 1 . lcnlpt”lhjlq_- i

st into the box while m.

dintain,

concrete was €@
le in the centre of the mass. The lid was pr
. Operly

place and the initial reading of the temperaturc of the ¢
temperature profile was monitored “{-'Jlnhu-mh: -
1t

recorded. The
intervals during the first 2 4 hours and
the temperature and subsequently at wider | -
drops as close as possible to };he ::::?Tlm[tr.:

1a ri—-'i.l’_l.;_'

temperature profile was moni
recorded and the onitored for 120 hou
fi rs and : k _
[ s tedThe cxper mentaldltl " i
SCLUp 1S as <h

Fig. 2.
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(b) Thermﬂ-cuuplin the concrete
 Fig. 1.0perational procedure for the determination of heat of hydration (a) & (b)

, Thermocouple

(b)
f heat of hydration (b) apparatus

(a)
Fig. 2. (a) Set up for the determination 0

~ The filling ability of the respective concrete mixtures was determined by

slump and slump flow using Abram’s cone in accordance with ASTM C
143/C143M[15)] specification. In addition, after the curing period of three
days, compressive strength of the concretes was determined. Samples from
the crushed concrete specimens Were immediately immersed n acetone 1o
::—"P the hj:':ratiun process. Suhscqulcmly, the sample were prepared the
Tes were investigated in order to evaluate the effect of

temperature rise on the early age properties of the concrete.

B
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Results and plementary €€

properti€s of Sup
colour after it has passed through

. dark grey i ,
| asl:l 15 e Eﬂgfﬁﬂifnt of gl'ﬂ.(:‘lﬂuqn of POFA as dEIL‘]‘mmcd
required Process! ﬁ-m particle size analysis in Fig. 3 was approximately |

. _oraded. The diameter of the POF,
Hence it was GDIISId;l"Sl%HL; Tﬂgjrz:i and 15.28 um rﬂspcutivciv_{r::
pani_cles r l'ulfng was 11pm. A median diameter of SCM in the ra;mgu of
ij[imll;::“m;s preferred with respect 1O wnrkapilily. f:ﬂhﬂﬁ_i‘-'i._‘tlf:‘_sﬁ and
stability of the concrete SyStems (16, 17]. The median ]Jﬂl_"tlf.lﬂ size nT |r[_}p1¢|
was 1.4 times finer than that of OPC. The lower particle size of POFA
played an important role in the reduction of bleeding by obstructing the
movement of rising water. Kroehong, et al.[18) reported that the smaller
particle size of POFA improves the particle packing in binder paste.
Thereby, refining the micro pore structure and consequently enhancing the
compressive strength of the paste, mortar and the pareni concrete.
However, the lower particle size of POFA results in increased specific
:ﬁ:’:ﬂ;ﬁ l::;t;ﬁ;cﬂ'tfbtlht:d\:amr Sathand Df SCHPC for a given flow
nature of the POFA Parﬁclesasghzt\lrgnu::rFr:?rlc structure and the porous
The specific gravity of POFA was 2.42. It

generally ranges between 2.22 -

because the porosity decreases t0 reasonable fineness. This 15
grinding process (19, 20]. The ;SET'MS particle size decreases due to the
23751.4m*kg. The BET method pecific surface area of POFA was

. , w
Pﬂmnblillymethndlsmtmuni 45 used because the Blaine air

a5 e;ntm ’
ﬁg:;gg:-;:i;ﬂ ':Cg;l'lmandmon bl'; [af ;J}re 'IEII.-:E high specific surface
ut 4.69 times that of - I'he BET specific surface

OPC pecific su

for 28 days hydrati livity index was
which is the mintorc-PeCtvely. Both cases 103% for 7 days and 117%

_ nimum : are -

pozzolanic activity nfﬂ;:mf“' for types N, g P higher than 75%

supplementary cementing malari:[sgemaur £ C fly ash [21]. The

extremely high specific surface u::‘:hfls fly ash [22‘;11 that of other
0 - This is due to0

Pozzolanic activity ind
ex of PO : . .
Mmr,y of mlmﬁng e FaA lshan mdicaﬁ Nunc.thﬂiesi the hi gh
Paste, mortar and concrete gth developmep ,, ':1 has a very high
' the ear| :
y ages of

B, .
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The chemical composition of POFA is pres .
ﬂfPUF.Pt is silicon dioxid v pi_‘ﬂ:-'*{:nlﬂd in Table 4. The m

xide or silica (S10,). The mas v

: 5 content of

componert -+

'-;." - 63'.7%..'1"1115 15 the main oxide component that contrib
:r, Elzﬂ U‘L secondary hydration in cnncrclcl :,l:::r;:::'lmc
planic T 1al such as P{?Fﬁ. There were other key oxides s hlnli__r
(SIO:]' and I.mn oxide (Fe;O3) in reasonable quannrhf :‘h
to the key oxide components, a substantial amount of 1-.:', n
5 0 is aluiu pr_csenL about 1.59%. The sulphur level is the sec n;iIj Ph”t
- ¢ consideration 11 the classification of POFA with respect Fly a'_h [:lr
7618 [21] recommended a maximum value of 4% for La-;c.-s.; F

e for class F and C FA respectively.

g T
-HE

h ASTM does not provide the specification for the chemica
ositic of POFA, the requirements for FA can be applied due to close

The POFA used in this study has a moisture content of 0.35.
snition (LOI) of 6.0 and combined silica, aluminium and [ron

tent of 73.65%. The maximum permissible moisture content and
ignitior for class-F FA are 3 and 6% respectively. The minimum
_';_?-' silica, aluminium and Iron oxides required for class-F
)% [21]. Therefore, POFA was classified as equivalent 10 class-F

ws found suitable for the production of SCHPC.

sed burnt clay
clay, usually vary in colour from off-white to dark brown.
' was reddish brown in colour

5, the PBC used in this research,
ading of PBC was also approximately |

"The coefficient of gr | ‘
vas considered 10 be well-graded. The diameter of the PBC
10, 30 and 60% were 1.24. 426 and 15.08 pm respectively. The
- a median diameter Of

cle size was 10pm (Fig. 3)- Generally,
d with respect 10 workabiliry.

range of 5 to 15pm is preferre
tems [17]. The median particle

and stability of the concrete sy _
han that of OPC and 0.9 nmes finer than

- s 1.5 times finer (
ant role n the reduction ol

Krochong ef al.. and
size of SUM like

icle size of PBC played an import
cting the movement ol rising water.

structure  and y enhancing the
ar and the parent concrele.

rengl of the paste, mortd B
e POFA, the lower particle s12€ of PBC does nol result 1n



ncreased spec ood viscosity modifier and good lifler. It has 1oy
that makes PBC a Vﬂf}’sf sently improves the rheology and flowing abis,
water demand ¢ Flft; e?‘ al.|23]also report::d the same behaviour in se|f.
of mortar .[:4]. Heika 1Thesﬁ unique characteristics could be attributed ¢,
soneolidetios Eymn;z.la characteristics. These are; high content of smalle,
some impol_-tant p:;tn-purﬂus particles structure and agglomeration of the
ﬁ;ﬁiﬁﬁ l:; ;he temperature of calcination as can be seen in Fig 5.
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Percent fiper_,
i
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(=]
o

—_—
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0.01 000
0.1 ! Particleiaze {um]lm 1000 1000

Fig. 3. Particle size distributions of OPC, POFA and PBC

S Lo

| ! i i L] B

[Ty Full Scale 474 o3 Carsor kel

(@) (h)
Figd. () i
Scanning electron microscopy of POFA (b) Energy dispersive X-ray ol
the spectrum from SEM of POFA
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M Kk Fe
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A R N Full Scale cts curser (keV)
| @ (b)
Fig 5. (a) Scanning electron microscopy of PBC (b) Energy dispersive X-ray of the
- spectrum from SEM of PBC
The specific gravity of PBC w pf PBC
erally ranges between 2.65-2. er than
of OPC [22, 25]. The BET specific surface area of PBC was

) Im’/kg, which was 1.7 and 8 times lower than that of OPC and
A. This particular characteristic makes PBC a very good viscosity
er. This is because the lower surface area tends to reduce the water
d, thereby enhancing the fluidity and the flowing ability of binder

mortar and SCHPC. This increased fluidity is a direct consequence of
oh amount of free water available in the binder paste. Similar findings

eportec hy [Zﬁ]

}' i
index was 96.7% for 7 days and 99.3%
ses are much higher than 75%,
or C fly ash [21]. The

elerated pozzolanic activity
3 days hydration respectively. Both ca
§ the minimum requirement for types N, F
c activity of PBC was found to be lower than that of PQF:: j\
ult was reported by (22]. This is duedlﬂ ]?;:Fﬂfﬁgs?cﬁ;:;g .1;::1
, iy e
However, pozzolanic actvity in ; Fod st ceeareiia

1 that it might contribute in accelerating
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lementary cementing materials

T hleE dthf.' Su A

F“]pﬂﬂ\' 9. .
Specific Relative density 2.69 g 315
eV —BFT surface area 20791 237514  5.067
(m?/g)
% passing 45-pm wet 96.4 98.4 98.6
sieve
| % passing 75-pmdry g9 9 99.5 99.7
FLH'EDESS Siﬂl‘rc
sieve
dsg (pm)
Pozzolanic 7 days (%) 06.7 103.0 -
Activity
Index 28days (%) 99.3 117.0 -
Colouration Visual inspection Reckiish park 2t
brown grey Grey
Table 4
Chemical properties of OPC and the Supplementary cementing materials
Oxide Supplementary cementing material
composition PBC POFA OPC
Si0; 68.6 63.7 16.4
AL O; 20.6 3.68 4.24
Fg:ﬂs 4.66 6.27 353
Kag 0.34 5.97 68.3
i 3.99 9.15 0.22
205 i
MgO e 4.26 g
S0, : 4.11 2.39
Cl o ]lis’:'? 4.39
T]Dz . -
Na,0 g'g‘g 0.3 0<LLD
Mn ¢ 0<LLD :
CDz i 0<LLD 0.15
BB Gy, - 0.1
6.0 1.27
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The chemical composition of PBC is prese ' :
component of PBC is silicon dioxide or ?silicanzﬁstif;:;. F'l]ﬂ‘i']}:;:é::?;tmajm
silica was 63.6%._Thls 1s the main oxide component that -:nntrihbutts T:I;tt;}z
zolanic reaction or secondary hydration in concrete containin

lanic material such as PBC. The silica content of PBC is about 5@%
higher than that of PDIEA. Typical of clay material, the Alumina (Mngi
content _was 20.6%, which was about 6 times more than that of POFA. The
Iron nmElta_ FF&:D;) content was 4.66%. The high silica content suggested
the possibility of a higher nucleation centre for pozzolanic activity as the
curing age Progresses. On the other hand, the higher alumina content
usually accelerates the hydration reaction at early ages and thus, leading to
wse in heat of hydration in blended cement. Similar behaviour was
-d by Frias, et al., [6] for mortars containing SF and MK.
erestingly, no trace of sulphur trioxide was found.Although ASTM does
ot provide the specification for the chemical composition of PBC. the
juirements for FA can be applied due to close gimilarities. PBC has a
pisture content, loss on ignition (LOI) and combined silica, aluminium
d Iron oxide content of 0.12, 0.74 and 93.86% respectively. The
naximum permissible moisture content and loss on ignition for class-N FA
re 3 and 10% respectively. The minimum amount of combined silica,
uminium and Iron oxides required for class-N FA is 70% [21]. Therefore,
BC can be classified as equivalent to class-N FA since they are both
roducts of calcinations of clay minerals. This was also reported by [22].
hus, the PBC used was found suitable for the production of SCHPC.

ime-temperature  histories of the respective SCHPC mixes
ated are as nted in Table 5. The increase in temperature due to
ration (Fig.6) obtained within the mid depth of the cast n plagf.j
during the hydration process of the respective SCHPC mixes 18
| Fig. 7. It was observed that the tempcratur; dlfﬁ:rﬁtr;]c:esiwgritmﬁ[:
ant al e of the experiment. But as e hydratio
ﬁ- ?;:grgpiammmpnf the OPC with blended E{}FA
a ecame prominent and was clearly uhsar\f?d, l_nterestmgl?.u
' , ining blended cement exhibited reduction 1in the ll.l’!IJE
erature rise in the range of 59 to 19% dcpﬂm:l_&d on the peru::nmh %u.
ment. In addition, there was also delay &t the time at which the P ak
. W respectively. Indeed, the addition of POFA
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Dnpret mixes 1 assoc iated with dﬂla}'f’d h}fdratmn due to the reduction |
::l'lf: quam ity O of ceme the mix as prﬁwnusl}r reporte d 9] -

40
BiRRR0) 100 120

]

= 5003105

r various SCHPC mi eriod of ti
B C mixes over a pcriud of time

di

W?:r::{ffje:[n the initial heat g¢ ners ied

‘ ter castin from the control con rete

e and heat g as shown in Tabl 5

mix were observed in the umlul
ﬁt‘.‘ﬂmgg B ning 10%, 15% 27

at 21, 2 10 and 30C5P15: l‘i] 0

evolve 3, 32 and 34 h after casting
d could be strongly ﬂ[tuhui::d 1
and PBC. Nonetheless: | the

t th
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erperature untvil a relatively steady state was attained duyr:

study- [n particular, pozzolanic materials hu;ff_:nt-‘h ‘durmg the period of
responsible for the delay in setting and heat eV”llltiUnL?n reported to be
systems (8, 27] in blended concrete
It has bet‘?l’l advm::ated that at early stages, the sub-micron particles of
pozzolanic m_atferlals act as nucleation sites on which the ggnf:rl;;; ;Jf ﬁrf;rm:
usually precipitate [28]. Also, the fineness of cement has a]a,;d:}dm
acknowledged to influence the rate of heat development to smﬁ: e.:-;:anleel';
spite of the very high surface area of the blend due to the prcsance: of
POFA, no adverse effect was noticed in the respective SCHPC mixes. The
results of the study clearly revealed that a blend of POFA and PBC could

reduce heat of hydration up 19% at a replacement level of 30% and hence
very beneficial for mass concrete.

In heat evolution and

Fresh properties and early age hardened characteristics
~ The addition of the blend of POFA and PBC resulted in an improvement in

the filling ability of the Self-consolidating systems. For instance, the

' flowing ability of the mortar component of the SCHPC was improved by
" 20% when 30% of OPC, was replaced with 2 blend of POFA and PBC
" (15%+15%). On the other hand, the flowing ability of the parent SCHPC
was improved by 10% when 30% of OPC, was replaced with a blend of
POFA and PBC. Further details on the flow characteristics of the mortar
and concrete can be found in two different publications [24, 29]. The 3 days
and 7 days compressive strength ranges between 43.14 to 71.41MPa. The
concrete with a 0% blend (30C1P0:0) exhibited the highest siren%th_luit
6260 MPa at 3 days while 10%, 15%, 20% and 30% blends (30C2PS:3.
30C3P10:5, 30C4P10:10 and 30C5P15:15), presented strength \'L'IIUE:‘\-L'II'I
606, 54.44, 53.45, 43.14 MPa respectivﬁly. Whilf? at 7 days.‘:ihc I;Eipﬂhmz
;EHPCS showed a general increase in strength of up 10 14.5 o -,!m -.41: :,:;;c
In Fig. 8. This pattern of strength development 15 cumn?en.u}ujaiu;u E
;?;mm of heat generated as 2 result of the cement hydration as $

A
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Fig. 7. Compressive strength of the respective SCHPC at 3 and 7 days hydration per

Microstructure of the concrete
The result of the microstructural analysis provided useful information on

the crystallographic properties of hardened cement paste by means of
Scanning electron microscopy (SEM). SEM images of the paste component
of the SCHPC are presented if Fig. 9 and 10. The concretes with 0 and 30%
blend of POFA and PBC were selected to observe the microstructure. This
is because SCHPC with 0% blended cement (30C1P0:0) produced the
highest temperature while SCHPC with a 30 % blend of POFA and PBC
(30C5P15:15) produced the lowest temperature.

The inclusion of the blend of POFA and PBC improved the microstructuré
?f concrete at both early and later ages. Fig. 9 and 10 shows the SEM
:hm:ge.:s of 30CIP0:0 and 30C5P15:15 to establish a comparison between
and"?“chHmBﬂ“m of SCHCs with and without POFA at the early ages of 3
than at ?!:]F; o 30'(':1131]:0 and 30C5P15:15 were more porous af 3 days
Kicedhiat ys respectively, which are obviously seen in Fig. 9 (a) and 9 (b)-

ess, the microstructure of the concrete containing 30% of the

blended ceme :
: nt was relative : \ : ontro
Specimen. ly less porous in comparison with the €

The fi ; i
and 7 E;:egl&hkﬂ eltringites were observed in 30C1P0:0 at the ages ﬂfg _
- Fewer ettringites were observed in 30C5P15:15 at the age of 1 8
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days: however, they disappeared at the 4, -
10 (b). In addition, substantial hexapon -III -l |
30C1P0:0 at the ages of 3 and 7 days l'-lI ,11,':1”' . ol
Sﬂ-lﬁ e ﬁigniﬁ"h;”"‘l!": 1l.'l.llulll'l"l.l in jlll by
cement (30CSP15:15), as can be seen !rulrllrJFh
noticed were traces of unreacted POFA Ilndl;'}' J:
slightly covered by fibrous C-S-H }':-II "

d5 |

(mplﬁ:lﬁ} became less porous. This is in line
ted by [30, 31] concerning POFA concret :
containing PBC. =

o TH

(@) 30CI1PO:0 (3 days) (b) 30C5P15:15 (3 days
Fig. 8 Microstructure of 0% and 30% blended SCHPC at 3 days

(h) JOCSPIA 1S

(@) 30CIPOO (7 days)
| hln'lhll'nl by 1| I”"’L

l"ll-!l Microstructure of 0% and e

Conclusion

hyﬂr“."' pPalm oil fuel ash has been successiully used o
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addition of various percentages i_‘;f the blend

: C resulted in slower hydration p.m{:ﬁ':s;s_und El'ghﬂ}'_lﬂwer
of POFA and PBL T ages, it can be credited with the lowering of
compressive d the refinement of the bulk paste matrix. These

«dration an ' s . e
heat of ;}d[ft::im are very essential when concrete durability is of
CU'mhlrr;rﬂim;m'l“lﬂfE It also indicates the significance of the blend of POFA
prima ance.

4 PBC in the reduction of environmental pollution and global warming,
an
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