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Abstract

This research aimed to investigate the effect of ground palm
oil fuel ash (GPOFA) as high-volume cementitious material
replacement on compressive strength of cement mortar. Palm
oil fuel ash from factory (OPOFA) was ground until its median

particle size (dsp) was 7.7 microns. GPOFA was then used to

replace ordinary Portland cement (OPC) at 0, 20, 50, 60 and 70
wt% of binder (CT, 20GPOFA, 50GPOFA, 60GPOFA and 70GPOFA).
The water-to-binder ratios were determine to achieve a flow
valued of 110+5%. The results indicated that the 20GPOFA,
50GPOFA, 60GPOFA and 70GPOFA mortar had the compressive
strengths at 28 days of 33.4, 30.1, 23.9 and 16.1 MPa or 86, 77,
61 and 41% of CT, respectively. In terms of the production cost,
GPOFA cement mortar resulted in a reduction the material cost
by 12-42%. However, environmental issues of 20GPOFA,
50GPOFA, 60GPOFA and 70GPOFA mortar showed a decrease in
carbon dioxide emission of 16-56% as compared to CT mixture.
Furthermore, GPOFA could be used as a good pozzolanic
material to replace OPC by up to 50 wt% of binder for the

production of eco—friendly materials as well as cost saving.

Keywords: Cement Mortar, Eco—friendly Materials, High Volume,
Palm Oil Fuel Ash
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Javingarugisnil dnwagiiluves OPOFA Aeuuaiivuineynin
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Materials OPC GPOFA

Physical Specific gravity 3.16 2.65
Properties | Median particle size, ds, (im) 18.1 7.7
Silicon dioxide (SiO,) 20.0 57.6

Aluminum oxide (AL,O5) a6 1.2

Ferric oxide (Fe,0,) 34 2.8

g Calcium oxide (CaO) 62.6 9.6
é Magnesium oxide (MgO) 1.2 a7

é Potassium oxide (K,0) 2.7 8.7

S Sodium oxide (Na,0) 0.3 0.1
g Sulfur trioxide (SO,) 24 2.2
é) Phosphorus Oxide (P,O5) - 5.5
Chorine (CU) - 1.1

Loss on ignition (LOI) 2.8 6.5

S0, + ALO; + Fe,05 - 61.6
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Fineness Specific Water absorption
Properties

modulus gravity (%)
River Sand 2.78 2.62 1.10
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Mix Proportion by Weight (g) Flow
Sample
Cement | GPOFA | Sand | W/B | (%)
cT 100 - 275 0.57 114
20GPOFA 80 20 275 0.61 106
50GPOFA 50 50 275 0.65 111
60GPOFA 40 60 275 0.65 107
TOGPOFA 30 70 275 0.68 114
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Toauilidud1dmnady 9 wu unau wasdwudes (8.9, 26-
27]
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Usgau (CT, 20GPOFA, 50GPOFA, 60GPOFA Lag 70GPOFA) Nanns
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2820 \ilefinnsanduiifidaveadrduiiuuaazidoaunud
Yuiusivainuausszani 1 ievay 20 veshmiinanUszau
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wutedag 20GPOFA fendviifduiutuniuoignmsuuilifiaiy
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WewisuAuyudsudveinuaudussianil 1 flengnisuad 7 ua 28
fu awdosdiemasalitioaninfesas 75 dwdutuamami 1 uaz
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Compressive Strength (MPa)
Sample (Normalized compressive strength) (%)

1 Day 3 Days 7 Days 28 Days 90 Days
15.140.71 27.6+0.48 31.540.27 39.140.16 47.440.51

cr (100) (100) (100) (100) (100)
10.4+0.4 19.940.36 25.6+0.52 33.440.28 43.740.26

20GPOFA 3(69) (72) (81) (86) (92)
5.7+0.22 14.5+0.15 21.4+1.49 30.1+0.52 37.540.46

50GPOFA (38) (53) (68) (77) (79)
2.740.08 10.2+0.65 15.1+0.10 23.940.14 30.840.18

60GPOFA (18) (37) (48) (61) (65)
1.7+0.06 7.1+0.27 9.1+0.18 16.1+0.23 23.940.33

TOGPOFA (11) (26) (29) (41) (50)
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unuil OPC $8 GPOFA (dsp =7.7 m) Bafiunaeyniaidnnin OPC
(dsp=18.1 Im) 3 2.35 1% fldulunistaeliienesaniian
wiutu szeumeiduuninees GPOFA anansounsnidluly

9971958 7319%89974 (Filler material) ¥040UYNIAVBINAR UavUIR

o
a =

o 4 oa
aLdualaRDl

agalsimudiofiarsanaudeimuaveswinsgiu d1iinau
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(wen. 2888-2561) [11] wazdafimunmuunsg iy ASTM C 618 [15]
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1 (unuiiseway 20) Welilguiuyudmuivesnuaud
Uselanil 1 egnisuud 7 uag 28 Ju agsesliAmdssnlidesniy
Fewaz 75 vewesng CT Wetmanismegeuniisuiiuyusng
FAriddnvemeing 50GPOFA fanfdwdnilusesas 68 way 77
s < o w @ 0 Y w a [
Y0eu83A75 CT Mudvu wagaunsaimuiadafnduiosas 79
Yonasns CT 191y 90 Tu Tuvaeifiusuna OPC Liiesiosas 50
TngtwtinvesianUsyanuwintu

3.3 msvszdusinriagueseins

715797 5 wanen1siUSeuisusianesasinauLdUdu
ihiuusasBesluiinmugs 1 gnuiafams TnesianYanueanissde
wedmifnaud U dituunasBealuliinngs 1 gnuiafiung
Usznaume OPC winiu 3,300 U1/6u (165 um fe Yudud 1
nszaou) luvas? GPOFA 9 n1suuds, ATLssauaudie
(szpzyslaiiiu 200 Alawns) wagAmdsnulunisun Ussuia 522
I/ wasmaiBen 460 U/ wazthazenn 32 uw/iy (1
USD=34.80 u1v) [10, 31] 91nn15UsELIU1IAT wudnueseis CT &
AN 2,062 UIN/gNUIALURT lurauzfinosmg 20GPOFA,
50GPOFA, 60GPOFA Way 70GPOFA flsnaindu 1,813, 1,439,
1,314 uaz 1,189 UW/gnuiAfuns aud1eyu nan1s3deuandliiiu
'jwswmsam‘?aﬂﬁuama‘im‘iammLﬁaﬂ%mmﬁuaq GPOFA tfiudu %30
Anludesay 88, 70, 64 way 58 VIWBIAS CT miudau lnsuas
m’i‘ﬁ?‘imauLﬁﬂﬂﬂéufﬂﬁuumazLﬁﬂm’luﬂ%mmqq 50GPOFA, 60GPOFA
wag TOGPOFA anansaansuvusiantunisudalaussunniosay 30-

42 Jefiguiumeunsn CT

M13199 5 e fanvenesms 1 gnuieriuns

Mix proportion, kg/m?®
Baht/ Cost
Sample (Baht/kg) Reduction
- m (%)
OPC GPOFA Fine agg. Water
450 1,237.5 256.5
cT - 2,062
(3.30) (0.46) (0.03)
360 90 1,237.5 274.5
20GPOFA 1,813 12
(3.30) 0.52) (0.46) (0.03)
225 225 1,237.5 292.5
50GPOFA 1,439 30
(3.30) 0.52) (0.46) (0.03)
180 270 1,237.5 292.5
60GPOFA 1,314 36
(3.30) 0.52) (0.46) (0.03)
135 315 1,237.5 306.0
TOGPOFA 1,189 42
(3.30) 0.52) (0.46) (0.03)

3.4 N15UsAUTURANTENUARUINADUYEINBTHNT

A15197 6 wansdeyananisAtulInnITUdeefing
msueulaeanled (CO,) voswaing 1 gnuraduns laeusuianis
Uaos CO, 999 OPC way GPOFA fUSunainiu 820.0 wag 106.0
An. COx/t muadiu Tuwaigitdruusenaudu o Toun wnavvaziden
waz 41 fiUsunmnisudes CO, 111U 28.0 wag 1.0 kg. COy/t
ANa1RU [10, 31-33] 31NN1TIATIEHUSININ1SUaRY CO, VB9
avaluNan wultuesans CT fusununisuase CO, windu 403.91
an. CO/m3 luwnizfinasas 50GPOFA, 60GPOFA uax 70GPOFA 3
Usununisuass CO, AU 339.66, 243.29, 211.16 wag 179.05
An. CO/m? muansu sedmdudasas 60, 52 uay 44 vasuasns
CT snudsiu man1sideuansliiuinUiunanisudes CO, wosnsi
waudUduiiiuunazidealuliuugs anauiouiumuves
GPOFA Lﬁwﬁu Taauasnns 50GPOFA, 60GPOFA wag 70GPOFA
#@1u15aanUsuanisUass CO, lnunnfeseuay 40, 48 way 56 Y84
wedmg CT mudsy wandiidiuinmnniinasidundushsiuanly
Lmuﬁ@u%muﬁquw szausaann1slany CO, MAnan
qnamnIsIYuRIR Sedden CO, gaiie¥oray 5-7 vs avuadign

Udegaangtuussemeavadlan lidusunuinanas (5]

719199 6 NsUszliunansenuRsduInteNTaaing 1 gnuiAriuns

COz2 Emission (kg.CO2) COz
COz
Emission
Sample Emission
OPC GPOFA Fine agg. Water Reduce
(kg.CO2/m3)
(%)
T 369.00 - 34.65 0.26 403.91
20GPOFA 295.20 9.54 34.65 0.27 339.66 16
50GPOFA 184.50 23.85 34.65 0.29 243.29 40
60GPOFA 147.60 28.62 34.65 0.29 211.16 48
70GPOFA 110.70 33.39 34.65 0.31 179.05 56
4. uvagd

P
¢ I3 v s o w a

1. wosminnau U dudiuunazidealuyTunugad

P :
= P

ANMUABINITULANTY WaTinsunufl OPC fae GPOFA TuuSunaud
1NTY
2. GPOFA anunsaldiiuTanuedleanduusunmugsld Ing

I o v v a

10%$A1$ 50GPOFA fianf&adnandudevas 77 waz 79 vesasans
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CT i1y 28 waw 90 Yumuddu Tuvagiifiu3ina OPC uiesfonas
50 I@aﬁwﬁmaﬁaqﬂwmmmﬁu

3. upsMFALY GPOFA unuit OPC lud3inaige annsaan
Funuianlasimveanoimg Ifssinafesay 30-42 Weifisuiy
wosns CT

4. was37ld GPOFA unuil OPC TutBunaige ansnsnan
YSunaunisuasy CO, lumsudaesans 1 gnuiaduns leundsies
ag 40 fa 56 Waieuiunesans CT

5. 11514 GPOFA unuiiluu3uudesas 50 (50GPOFA)
ansamidslage 37.5 MPa 818 90 Tu laganunsaansunule

P

fle¥aar 30 uavann1suass CO, ladedasay 40 e luléiiu

(3

)
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