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PATCHARAPORN RAKKOB : MECHANICAL PROPERTIES OF
GEOPOLYMER COMPOSITE REINFORCED KENAF FIBER. THESIS

ADVISOR : ASSOC. PROF. AVIRUT CHINKULKIINIWAT, Ph.D., 85 PP.

COMPOSITE/CELLULOSE FIBER/GEOPOLYMER

This paper investigated the physical and mechanical properties of geopolymer
composite reinforced with kenaf fiber (1, 3, and 5 wt.%). Kenaf fiber was surface
treated using sodium hydroxide 2M with 24 hours prior to mixing process. The physical
and mechanical properties of the geopolymer without reinforcement were used as
references. Experimental results showed the treated kenaf fiber geopolymer composite
and the untreated kenaf fiber geopolymer composite possess almost identical density,
porosity and water absorption values. The compressive strength of the treated kenaf
fiber geopolymer composite was 15.75%, 34.84%, and 57.2% lower than that of the
geopolymer without kenaf fiber for 1%, 3% and 5% fiber, respectively. While, the
compressive strength of the untreated kenaf fiber geopolymer composite was 26.30%,
40.54% and 67.84% lower than that of the geopolymer without kenaf fiber for 1%, 3%
and 5% fiber, respectively. Interfacial adhesion between the fibers and the matrix
played a critical role on mechanical performance of the natural fibers reinforced
geopolymer composites. The degradation of the fibers due to alkaline attack resulted in
existence of micro-cracks at the fiber and matrix interface. As surface treatment could
diminish the alkaline sensitive component from the kenaf fiber and increase the surface
roughness, the treated kenaf fiber geopolymer composite possessed the better
mechanical properties than the untreated kenaf fiber geopolymer composite did.

Comparing with the flexural strength of the geopolymer without fiber reinforcement,



the flexural strength of the treated kenaf fiber geopolymer composites was 107%, 276%
and 311% and that of untreated kenaf fiber geopolymer composites was 19%, 133%,

236% for 1%, 3% and 5% fiber, respectively.
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ASTM = American Society for Testing and Materials
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NaOH = Sodium hydroxide
SEM = Scanning electron microscope
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Glucose Hydrogen
Pentose — | = EhEnEnsREe . hond

(1 1 1 [ = I 1
dDEDaED DD oD anan

Hexose ~~

T
i
i

Plant wall

Lignin
? gy Hemicellulose
‘Go - =N Crystalline
100 pm cellulose 10-20 nm
4 9
v
Plant Plant cell Macrofibril

Lignin

JUn 24 pemlsznouna lvoudulosIsuana (Wssans neaziag, 2561)

d
221 esnisznevveudulusssumfvserdularaglaaanig
< a I a 1
1. 1wag Jaa (Cellulose) Iuasilszneudunigninaanluanaveng lneee
v 3 1 4 1 @ aa a
nuiluaieTge1 Tasvziouasaignusziud 1.4-lnaladan (-1, 4-glycosidic bond) 1ia
= a s & {
WuTndwoeinauau (Glucan) nareiluluanaveusagladilsznovdreluanaves
nalagu1nnii 10,000 Twana danuaeiuse laTasiau (Hydrogen born) 1aziiinin1z Jua7
@ dy KX a I 9 = = 3 Y 1ad gy
Auniudanadludule aluanavevwag ladazlianvaziihuduase Tulinedu nag
@ o 1 a [ Jo {
Foadauvvuruny Sen Tulas IWusa (Microfibril) (Fywa weedsaw, 2558) a1ngUd

2.5

CH,OH CHQOH CH,OH

I/é \r\ (1: H H\é\O\Jf

b

51t 2.5 Tassadamanaiiveusaglad Gyna weaadsaw, 2558)
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2.13iyag laa (Hemicellulose) tuaisisgnoudunsosnnuuinluiag
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UszinnanTuwag laaseunnnaag lad FuiluIndusan1sa (Polysaccharides) ¥041i1a1a
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H Y 4 1 7 %
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9 Aaa a d A tg é a = A
WA-1 uag 4-Inaladan (Anus Wgns Inea, 2550) Fualivag Tadezlguauiiani

=

[ 9 ]
menwiddnyie Jnnuansnlunsduiil (Water holding capacity) g 1dv1ngali 2.6

o 0. 0-----

H H J

OH O, OH OH
----- o

OH ?
o o
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OH OH
HO HO

~ Y = a [ Jo
5UN 2.6 quainmammmgauLcﬁagiaa (TR WS INATAU, 2558)
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1 = g ¢ o o ¢ 4 o g A g g
10,000 ¥iuY mlfﬂummlixﬂa‘uwaﬂiuwmwaaﬁum‘ww TI'IWH”IT]W'E]YI?JL’GTHGLEJEU’ENLGBE]QTaﬁ'

uaztgiiwag Tadidnaleny (gn1d walsziasy, 2557) g ldangi 2.7

Cellulose Microfibril

' '
5141 2.7 TwanaandiuivaaanylulaslluSaveuwag Tae (nus Agnslwmna, 2550)
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o a g g v 1
Tagna ldududulesssumasniveziiosdasznoudingy laun waglae
a Aa a a d' I~ 9 @ [ 1 4 1 ]
wiiiag Tad antiu maau uazdu o iudu dasidiuveusazedlsznouszuanaiennli
amuriavoudule asdeyanuaaslilumsed 2.1 Taena luwoindulesssumanniesazd
s 1 a a a
pedlsznoumunliveusagladogszuia 40-60% talivag Tad 20-40% nazantiy
4 A = = 3 Y =< a J 1 dy 1 [
10-30% uazesdtlszneudu q dnfisudanios FelSuiavesesdlszneumiaiivz denase
wAa 1 9 . 1 ] <3 = s
auaialagasenordnle (Jin Suk Lee ctal., 2008) tapg1a lsnawlsumvosesflsznon
= 9 19 1 v A ' 2 A o <3 Y 'o =
mauativoudulshilslsdodistedaufernmmuannuudwsseuduly uadasulaems

v A (3

v dy Y
AlTBaRIved Tuanamaiinig

~ s = 9 a .
AT NN 2.1 ’f)\1ﬂﬂ53ﬂaﬂw1\jlﬂuma\1lﬁu18‘ﬁiim%1ﬁ (Ll Xue et al., 2007)

Type of fiber Cellulose Lignin Hemicellulose Pectin Ash

(%) (%) (%) (%) (%)

A. Bast fiber

Fiber flax 71 2.2 18.6 —20.6 23 —
Seed flax 43-47 21-23 24-26 - 5
Kenaf 31-57 15-19 21.5-23 - 2-5
Jute 45-71.5 12-26 13.6-21 0.2 0.5-2
Hemp 57-717 3.7-13 14-22.4 0.9 0.8
Ramie 68.6-91 0.6-0.7 5-16.7 1.9 -

B. Core fiber

Kenaf 3749 15-21 18-24 - 2-4

Jute 4148 21-24 18-22 - 0.8

C. Leaf fiber

Abaca 56-63 -9 15-17 - 3

Sisal 47-78 7-11 10-24 10 0.6-1

Henequen 77.6 13.1 4-8 — —
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= (% (% 1

. 0 { S o S
Region) dauTuanafiimsGesdvuiunuediauiusaidiovsz i ldidulolianuiunan

Y
=

a ds! =2 A v A o . . [ A
INAYU FAUTINNITIATEIAIUI Crystalline Region muﬁ@ﬂugﬂ‘n 2.8

% d
— 11133
Py
au Amorphous
U Crystalline
) Lo’
WL..J

)

310 2.8 mavaBesiveudulumag Taauuylulas lnusa (microfibril)
1 A Ao oa (5 v 9 @
n.) nguvad luIns lnusandasesmvmanudleuse lalasiou
¥.) Muaaa e luTas IwuSa (microfibril)

(fiwus fgnd lnema, 2550)

o w9 Sa 3 = a | oy Ao &
dmSudulentanuiusanunzianuudwsannnindulentinnuiy
Hantloe LAz iAN19N3 9930902909 Tuana lua LI NVUADEIUAUANBE1IVO T Y
g Y 9 ~ < 2 g9 oo A Ao a 2 o
To Nozgeldiduletianuuiasanniudrosuny eenn Tuanaibosia luianiufeany
= o 1y o q ¥ a 1 o S A a "y
usennszhaaduls (muanuen) mldawnselaugelumssvusuaui Fonindule
g’; =\ v A Y A . = = = Y 9 a A A d =
HulinsIaiEeenIve Tuanaia (oriented fiber) ludnnsdinilaudiduloszlivsnaniunan
1A A v A o A ] @ 9y < Il @
1 ualinanamsdaBesdan luvinunuenuaueveudule Tuwanan luansasuusa
a =) < ' : {
TunanumsaaduleldmuinmIdianuudwsadesninlunsdinsn deawsogldnngla

2.9
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. <4— Lignin
Hemicellulose

Amorphous Region

Crystalline Region

Cellulose

[ v

A =) o Y
319 2.9 dnvazgmsdaizeadiveudulawag Taa

aaullaan191n Jin Suk Lee et al., 2008)

Yan Li et al. (2000) 118 Asasutjarit et al. (2009) 1@318911471 Wediulszney
= dgl a = A A Y (g}/ A [
waglaalininiu nazmsanasvesnisdamnaed lululas lluSadmiusadsunaeany
vy | 9 < ' Y A a0 A X
uwannuveudule szdenaldanuudauswazanuunssvoudulonnnyiiannuiu
dy . . v Y ! o 9 1 a = rd
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[
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1 Y 9
Sunsepavoudule dyaavzmuaulugie 99 Tuds 114 Juvesmswsy@anTa miniuiids
Y o g A A o
vouduloazanasiszuna 15% vasmneenannuieanminzauulszuns 5 3u
223 anvaznuAveuduluwaglaa
. . Qdy d‘a 9
91N318A1UVB Sgriccia et al., (2008) lawsssumanunmveudulosag laa

=\ I a o A o YA = ~
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310 2.10 nerasdnyuzvoudulossswmA (Sgriccia et al., 2008)

d v a
23 dszlarrveudulasssnna
o ¥ a A g A o oo = s A
msindulesssumansedulomagTaaunasunuiagilssanduud 1Hiedvn
4 o o {1 [ J
sz Tenivouiu Aohuingiesuussaaazaienss areanuaunsalumsdamzvoudu
{ o 1 @ o W a @ s
Tenfinniieane 3o 1dse15uladedinavesnganssumsideglvesiaadmuaindu
Y o A R A a a wa o Y
suulsgla auaaslugli 2.11 sazdimomulssansnmauauianianavesiag ludu
AT UUTIAR AR T HAZANIUNUNIUADLTINTZUNNDNAIY (Frazao et al., 2008;

Asasutjarit et al., 2009)

LR ORI S e —

=1 a =2 [ = Jd A E) a
319 2.11 waanssuma@eglvesTagauuaasudulosssuaa (Frazao et al., 2008)
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nmumafuusdavesiaaduudnon Tnda 1nAnuInuaANIIMEATNIAZN1INAUDY
[ 4 4 1 { 1 a %
Taa lhwesdmud Talddrunanvoudulotansianudae idulonuuznduazidule
s Ao ' v & - o 7 P
rdu Noasidauiosas 5, 10, 15 4az 20 ¥99U11UN Fedaunanveidq lvhuoiduud
9 = 4 14 4 d' a %,' d‘
dsgnpvatguaudiosaraualszinnin 1 waruu Ui uagnig nKanITNAdUN
o ' 9 v e o e 1= P A A 9 9 A
sandnduledosas 20 veuhmiin Taaduudaon Inaanmamduloniunzninaziia
] { [ [ v 4 a 1 ¥
ANUHUIMUUTRINFAMINY 1.7 NTUABYNUINALUAIIAT IINDIAIANUFULAZNITAATH
y 1 1 % [ % 1 o - A
WL UMNINGANINY 5.79% Uag 10.29% MUY Had 1M UNITNAdaUAMANTANING
[ = 4 a 9 4 o Yo o A 9 ~ " W
Tagduuanoy Indanauwaulothudegmlvmainu Tiduaaaanninga 110 262.4
a @ [ a 1 o @ [ = 4 a d' 9 9 (% U 9
nlaniudomausuamaT uadmivigeduuanoy Inganwaudulouznioaaiuioy
o Yo v o v A [ Y a (% v a 9 ~
az 5% vz ldmasiuuseaaiinmngaminy 136.9 nlaniuaeamsusuamas 9 laaingih

2.16



19

3514

262>

MAISULIION NN/AT.HY.

SO 020.5.4.9.9.9.9.9.9.9.9.02
Ra%ata%atata % tata%atata%ats?

OPC C5 C10 C15 Cc20 P5 P10 P15 P20
dadIunNew

v o

A ° o o s 7
gﬂ‘lfl 2.15 mmﬁmwmmmm@"lemmmuﬁ (Lertwattanaruk and Masuwan, 2015)

160

1369
140

AT,

120 557

100 -+

o

80 -

60 -

40 -+

muwgfmvnummﬂ nn

20 -

OPC C5 Cio Ci15  C20 P5 P10 P15 P20

dadIUNEN

v

A o @ v 1% = 4
gﬂ‘ﬂ 2.16 M QS‘].ILLN@]WIJ’fN’Jﬁﬁ]llwmﬂiﬁlfmu@ (Lertwattanaruk and Masuwan, 2015)
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Sample MPa Standard deviation of recorded
values of strengths
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Geopolymer with sisal fibers (1%) 25.16 3.43
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Y a A A 1 = s A
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=1 a 4 a = a o dy
o Tnaweinou InadalumsAnu1vesuIeil
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3. @13n5zqusan1 lail (Alkaline activator, L) 3¢ 1% Iasden leason leaunumnaanay
v %’ o .. 4 { 1 W
fMinau (Distilled water) 19 laasazane Tsaonlaasonlaea (NaOH) NRANUENTUNINL

4 g’/ v 9 < I < = =Y o 1
10 Tua1s iy R lueunuasazaneiluman 24 92 Tue FalSuasasaiunay

' Y o o Y = 2 Y 1o
531’7'}’]\1@1”]3ﬂﬁgﬂu@aﬂ’]llﬁl.!ﬂﬂlﬂ']aﬂﬂ (L/FA) 1Uﬂ13ﬁﬂy1u‘ﬂ$1“mﬂ1ﬂﬂ 0.35

~ s = Y
A15197 3.1 09A1lsznoUN1NANUedD1a8Y (Sukmak et al., 2013)

Si0o, AlLO, Fe,O; CaO MgO SO, Na,O K,0 LOI

49.32 12.96 15.64 5.79 2.94 7.29 2.83 2.83 7.29

M3199 3.2 puauiaveudulee (Soltani et al., 2015)

Cellulose (%) 53-57

Hemicellulose (%) 15-19
Composition

Lignin (%) 5.9-9.3

Ash (%) 2-5

Tensile strength (MPa) 400-700
Mechanical properties Composition

Young modulus (GPa) 1.7-2.1
Density (g/cm’) 1.3
Average diameter (um) 50-150
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M13197 3.3 dadIukaNveIIaqd lo Inaweinon Inaadsuaulele

Sample Fly ash (g) NaOH solution (g) | Fiber content(%wt.) | Added water (g)
GP 100 35 0 0
K1 100 35 1 0
K3 100 35 3 5
K5 100 35 5 10
™1 100 35 1 0
™3 100 35 3 5
T™S 100 35 5 10
2K A a 4 4
*NUYIHA GP NU1809 210 TNABSINaAN LAY
a 4 a a { 1 Y] i‘ a
Kx neae 3 1o Inawesaen Indaasuduledon lu'ldUsvanium
=R 2 a 4 a a 9 d' [ g a
TMx “9949 3 19 Inaweiney Inaaasuduledondsuannnuin
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4 1 o g Y o a2 Y o 2 o 4 . .
Ao dndnude D, dmminluidn S wagiminianiigouad W o ies1uisnia1nI1u
MUY (Bulk Density), A1AIUNU (Porosity) uazf’hmsgm%ﬁw (Water Absorption)
1. ANNHHMUY (Bulk Density, B)
AANUH LB IRIed 1N T UA dadIus A AR Az

USmnasmeuennu Ingsene ﬁWNWiﬂﬁ1u’Jﬂ!1ﬁﬁﬁﬁMﬂﬁﬁ 3.1

(3.1

<D

' , y
e B fAsanunuuiy, D Asvminuia uaz ¥ aslSuiasaeusn
2. ANUNFU (Porosity, P)

' = 73 & v o J ' a
ﬂ1ﬂ’311l‘W§uﬂgllﬁﬂ\iﬂﬁlﬂﬂikcﬁuﬁ“ﬂENﬂ’NlIﬁllW“L!‘ﬁ‘igﬁ’JNﬂilIWIiGU’ENIWﬁﬁ

Alaludredranuisuasmeuen ansamuia ldaaaunisn 3.2
_D
P,%:(WTJXIOO (3.2)

4 J %‘ % { Q' 3 %’ %
e P Aemnnungu (%), W aorwiniangduda, D asvimiinudeuay ¥ AslSinas

NMYUDIN

3. m‘ig]ﬂ‘-‘?m‘lfn (Water Absorption, 4)
= 3 = s d o v o ¢ 3 o A
ﬂ”lii:]ﬂ“]fll‘lﬂi]gLl'ﬁﬂﬂﬂ\ull@iLG]fH@]“’IJ‘OQf"I’J”IiJﬁNWUﬁ§$W31QH1WHﬂﬂJ’E}QHTﬂ
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G]'Ji’]EJN%]@CD"JJLGU”III']JﬂiJ‘L!”IWUﬂLLWQGU’EN@]’J’E)EJN ﬁ”liJ”Iii]ﬂTH’Jmllﬂﬂ\iﬁiJﬂ”liﬂ 33
W-D

4 ¥ ¥ H ‘:’ Q ’O‘ v
1o 4 Aemsgadni (%), W Aohminhidanizoudd uaz D Aiminung
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332 puaudAmana
1. MAISVUTIDS
) @ o v w (% o = a J a a Y
AMIUMINATOUMAITUNIIOAVDITAAT 1o Inamosaen Indaasuduly
Y] 1 a . I ]
Yo v ldded v 5x5x5 udwas samsnadowilu lilawinasgiuminaaeuiaaves
ASTM €109 Tao1#1A509 Universal Testing Machine, UTM ¥iimsnaaou aanaaslugili 3.2
a ?1}/ o ] 4 o w w @ [ <3 4
HAAINTAAAIAIBENUTBIT BUNAAUAEITUNTI0A 1989315 9A15nAV0ATRINAADY
MAY 1.0 HadwnsaeuIi (81999910 Alomayri et al., 2013)TagmaasuussdasINTaf LI

Tannaumsn 3.4

(3.4

N ‘{U

d‘ =\ o w w 7 A -d' o (% 1 a a A A c&‘ d‘
19 &, ADMEAITVNIION P, ABUIIGIZANNIZINIUAIDIUNANIIA A 4 ADNUNUDI
#10819NATD1
2. MAIS VTN
) o o v w v o = a 4 a a 9
AmTuMInaTeUMaITuNTIAAYeIIaad lo Indawesaey Indadsuauly
Y
Yo 92190819110 2.54x7.62x30.48 1UAMAT (1x3x12 112) FRANWGNITLNINYATOEY (L)
1T W a Qy o X I
MR 22.86 1EUAIAT (9 717) PIMUATLEZANUKWYY, A=L/3 Famsnaasudullaiy
AT IUMINATOU ASTM C293 1%1A504 Universal Testing Machine, UTM ¥11A13NAA DT

v
v =

H v H H v
AAUUY N15NANI9ANYANINA1IAIY (Center-Point Loading) 431U 3.3 NudaIn15AnAT
% 1 4 0o w w [ [ < 4 v @
Yeg1uNaIsuNaToUMaIsuNTIae 19803 153015AAYDUATINATDUIMINY 1.0
HaauasAauIN (81999910 Alomayri et al., 2013) TasiaesvuseaaausodiulIan 1891

aunsi 3.5
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20K G
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1o o, ADMAITVUITIAR, P, AOUTIGIZATNNTZINIUAIOIIUNANIIA, L ADFIAWG

FENINATOSY, b AenNunINeedI0619 A 4 ABAMUWLIUBIAIDE
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H 9 1]
gﬂﬁ 3.3 HEAINITAAANA ’J’ﬂﬂ'N‘]JuLﬂ%’ENVIﬂﬁE]ULLiQﬂ ANIMINATDULLITIAA

HUUMINANTYATIYANINAAT (Center-Point Loading)

(Y] d
34 MNEIZAUYANINNILNABIYANIIAUBIANAIOU (SEM)

2 1 <} = a ua 1 o ] i A
FUTIULAN 9 ﬂWﬂ‘UiL’Jmﬂll’é]\‘lﬂﬁ’)‘ljﬁﬁluLLGl’d$ﬁ3@ﬂ1ﬂﬂﬂﬁﬁ]ﬂ“ﬁﬂiﬂ1mlﬁluﬁlﬂﬂ 5% Y

o Ja t 2 U @ 1
gninAne Inseddeganiadiendesganssmiodnason (SEM) Sa5UaIUY0IAI0819

=1

9
o v @ aan L] a
nagovzgmindugslgnsertlos Taarudrensusuiaigungil -195 osruaaided lag

a

¥ A

9
ﬂ'lﬁllclfﬁluhlUIﬂilﬂ1Jlﬁa'J mﬂuuﬁ’wﬂNﬂﬂﬁ‘ﬂ‘U%Qﬂﬁﬂﬂﬂﬂmuu Stub L'Wf]ﬁ'lﬂ'ﬁlﬂa@‘uw,)
Y ' o a J 1 @ 9 Y Ja 3
AN ﬂﬂuu'lulﬂglﬂi'lgﬁfnwﬂ'lfligﬂﬂﬂqaﬂ']ﬂﬂjﬂﬂa@qﬂqaﬂﬁiﬁu@laﬂﬁi@u (SEM) Tﬂﬂ

axy =) o ] dy I o A axy
ABNMSETINAIDYNNATOUN W UNMITAUUUNTAINITUDY Sukmak at el. (2013)
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3.5 UNUASHAAIMHIANNAAKAZITNMTAMUUNUIDY
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1 1
1 1
1 1
1 1
1 1
1 Y 1
l Uswrmveuduledelu = P =
! msazangladenlensen losa 1%
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H o anl
H| 5% vouiminidinos e
1 13¢
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Physical properties Density (g/cms) Porosity (%) Water absorption (%)
GP 1.877 4.13 2.20
1%fiber untreated 1.842 7.83 4.25
1%fiber treated 1.848 7.28 3.94
3%fiber untreated 1.765 11.66 6.61
3%fiber treated 1.783 10.26 5.76
5%fiber untreated 1.736 12.36 7.12
5%fiber treated 1.756 11.56 6.59
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Mechanical Properties of Geopolymer Composite
Reinforced Kenaf Fiber

Patcharaporn rakkob!” Tanakom rakkob?® and Avirut Chinkulkijniwat®

Abstract
This paper describes the physical and mechanical properties of eeopolymer composite reinforced
with kenaf fiber (1, 3, and 5 wt.%). Kenaf fiber was surface treated using sodium hydroxide 2M with 24
hours prior to mixing process. Test results showed that density, porosity and water absorption of
geopolymer composites mixed with surface-treated kenaf fiber and those mixed with surface-untreated
kenaf fiber are almost identical. Interfacial adhesion between fibers and matrix plays a critical role on
mechanical performance of the natural fibers reinforced gecpolymer composites. The degradation of
reinforced fibers due to alkaline attack may result in existence of micro-crackes at the fiber and matrix
interface. As surface treatment can diminishe the alkaline sensitive component from the kenaf fiber and
increase the surface roughness, the treated kenaf fiber geopolymer composite yields the mechanical
properties better than the untreated kenaf fiber cecpolymer composite does. Comparing with the
geopolymer without fiber reinforcement, the flexural strength of the treated kenaf fiber geopolymer
compeosites are 107%, 276% and 311% and that of untreated kenaf fiber geopolymer composites are

19%, 133%, 236% for 1%, 3% and 5% fiber, respectively.

Keywords: Compaosite, Cellulose fiber, Geopalyrner
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