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(Microstructure and steel corrosion behavior of concrete containing palm oil fuel

ash under 3-year exposure in marine environment)
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Abstract

This research aims to study the effect of ground palm oil fuel ash (POF) on chloride
penetration, steel corrosion, compressive strength, and microstructure of concrete exposed to a
marine site for 3 years. Control concretes were designed using Portland cement type I with W/B
ratios of 0.40, 0.45 and 0.50. The POF was used as a pozzolanic material to replace Portland cement
type I at 0, 15, 25, 35, and 50% by weight of the binder at the same W/B ratios of the control
concretes. Concrete cube specirpens of 200x200x200 mm’ were cast, and the steel bars of 12-mm in

diameter and 50-mm in length were embedded at covering depths of 10, 20 and 50 mm. In addition,

_concrete cylinder of 100- mm in diameter and 200-mm in height were prepared for compressive

strength test. The concrete specimens were cured in water for 28 days, and then placed to the tidal
zone of marine environment. After 3-year exposure, the specimens were tested for compressive
strength, acid and water soluble chlorides and corrosion of embedded steel bar. The results showed
that during 3-year exposure, concrete containing ground palm oil fuel ash gained strength faster
than Portland cement type I concretes. The findings indicated that the use of POF as high as 25%
by weight of binder tend to reduce the chloride penetration, steel corrosion and increased the

chloride binding capacity in concrete, achieving a high durable concrete.

Keywords: Chloride penetration; Palm oil fuel ash; Steel corrosion; Marine environment.
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Calcium Oxide (CaO) 60—67 64.4
Silicon Dioxide (Sin) 17-25 20.0
Aluminium Oxide (A1,0,) : 3-8 5.8
Tron Oxide (Fe,0,) 0.5-6.0 5.8
Magnesium Oxide (MgO) 0.5-6.0 5.8
Sodium Oxide (Na,0) 0.1-1.3 0.5
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Calcium Qxide (CaO) 6.4
Silicon Dioxide (SiO,) 65.3
Aluminium Oxide (ALO,) 2.5
Iron Oxide (Fe,0.) 6.4
Magnesium Oxide (MgO) 6.
Sodium Oxide (Na,0) 0.4
Potassium Oxide (K,0) 65.3
Sulfer Trioxide (SO,) 6.4
Loss On Ignition (LOI) 10.0
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(3Ca0.ALO,.6H,0 ¥30 C-A-H) danaaslueunsfi 2.1) §1 2.3)

2(3Ca0.28i0, ) + 6H,0 —> 3Ca0.28i0,.3H,0 + 3Ca(OH), @.1)

2(2Ca0.28i0, ) + 4H,0 —> 3Ca0.28i0,.3H,0 + Ca(OH), (2.2)




3Ca0.ALO, + 6H,0  —> 3Ca0.ALO,.6H,0 23)
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51 2.2 msifeaiiumanilosnnlfison Iiftualidelinas 15d luneunsa (Neville, 1996)

aszuIums A uadl (Electrolysis) YBINTLUIMMT AR ATNIZE ¥IATI1N
(Anode) thanazuanduflumessadeou Fe™) iiganinaisazalo dvaunis 2.5 dau
dlannTou (¢) ilz'%qmu'lﬂmnmﬁnm?msﬁ’njﬂ?mu (Cathode) Tagiithaiiinae lsdvimehil
HudesianTns las (Blectrolyte) ﬂﬁﬁ?mﬁxﬁﬂ%uﬁ Fond1 UgATe e TuAR (Anodic
Reaction) 11n1iHBiaRATeY (¢) 1nUfis ewe Tunes lsamdasuihuasMasenfousy

a o a a = 1 acn a @
madly leasendadoou (OH)) FiSeninlfiserin Indn (Cathodic Reaction) AIANN1T 2.9
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waziile Fe** saudaiy (OH) wwiRailumessalensonlad (Fe(oH)) Asauns 2.6 uaziile
flffsefuduazeonsnufadiuredinlaasenlad (Fe(Om),) wioaiuminluiiga &
aun1s 2.8 (Broomfield, 1997)
Anodic Reaction:
Fe — Fe' +2¢ (2.6)
Fe' + 2(OH) — Fe(OH), (Ferrous Hydroxide) 2.7
4Fe(OH), +2H,0+ 0, — 4Fe(OH), (Ferric Hydroxide) (2.8)

Cathodic Reaction:

4e + 0,+ 2HO — 4(OH) (2.9

{ a 5 1 : ° aan @ - a d oo s : 4 °
Fe” fifnudndiunilazinljnzesy o dathuressnaanlsd (Fecl) Faliavh

ann w 3 o a d 1 Y Y]
dgAsenuhaznanaitluaiumanisuny asawms 2.10 uag 2.11

Fe' +2CI —  FeCl, (2.10)

FeCl, + 2H,0 —  Fe(OH),+2HC! (2.11)

. 1 1 e S Y o o a
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wlo'lsd (3Ca0.Fe,0.CaClL, 10H,0) uazlffsounartiszilussuilelinae lsd lunoursavas
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2.8.1 MIBuUYDIAAD |36
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{4 g 1A y o 1 i
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=Y/ o = 4 ] = da o
19311 NTUveIRa0 154 luABUATA ARB l5RIzUNInTS IR Isiiinas lsduin
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N = 3 4 1 s
2. TasmsinAoudne (Migration): 1HAY WiloanInANLANAIIN1ANg IWHh (130
PSunavesdoou) lunsunia
. a & 4 a o W o v
3. TAuN13WT (Convection): IAAdUITIosa IANAYDINITIAAIRINS Wonaauuialu
=3 A o Y . . gl’
ADUNTA mm"lﬂqnizmumi Capillary Suction UUIBY
1 a g 4 1
4. Taon15Fur1Y (Permeability) : (AAY 1LH B491ANAVDIAITNUANAINNTIAIY
. ) o = 1 a aa LY o a Aa
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UTIAUANTND

F 4

rd 1
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a

N3N YoaoIveina (Fick’2™ law ) Asaun1sh (2.12)

X

Clx,t) = C [1-erf[ 11
X [-er 2\/D_t

(2.12)
A
e

[~ 9/ da d'
Clx,t) = AMuINTUv0Inan lsAoeauNTTeX LaZIAT t “lm

o Y 7o da o o
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D, =dulszansmsuns

2.8.2 Uszinnuenan 156 (Chloride)
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Abstract

In this research, the effect of ground palm oil fuel
ash (PF) and W/B ratios on chloride binding capacity of
concrete under marine environment were studied. Control

concretes were designed using Portland cement type | with

! mnsuiiminssules) Ansmnssumans unTivendaysw o.deq v.ays

W/B ratios of 0.40, 0.45 and 0.50. Concretes containing PF were
cast using PF to replace Portland cement type | at percentages
of 15, 25, 35, and 50% by weight of binder at the same W/B
ratios of the control concretes. The 200x200x200-mm’
concrete cube specimens were cast. The specimens were
cured in water for 28 days then were exposed to tidal zone of
marine environment. After 3-year exposure in marine site, the
specimens were tested for free chloride (acid soluble) and
total chloride (water soluble) contents in the concrete. The
results showed that the percentage of chloride binding
capacity compared to total chloride content (Py) increased
with the increase of PF in the concrete as high as 25%.
However, chloride binding capacity tends to decrease in
concrete containing PF up to 50% cement replacements. Also,
it was found that the decrease of W/B ratio resulted in the

increase of Py, of concrete.

Keywords: chloride binding, palm oil fuel ash, W/B ratios,

marine environment.
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