nava9tnT LA a lmsaaraan7UsenatLasnaa lianaalas

BB TEN LY Nk

ﬂumwﬂmwmm

fmmuwuﬁudﬂudqwmmmmaﬂr&mmwanamﬁfﬂuwmmaummmwmmm
Q WIaNRTRHVTINE 18 E
AMYAAINITNANART AWAINTRINUIAINEAE
TnsAnmn 2552

AUANDVBITTIAINTUNUNINENAY



EFFECTS OF GASOHOLS ON GLASS FIBER REINFORCED

POLYVINYL CHLORIDE COMPOSITE

ﬂummmw fop ek

the Degree of Master of Engineering Program in Chemical Englneer

A9 SNprovivimwy R

Chulalongkorn University
Academic Year 2009

Copyright of Chulalongkorn University



Thesis Title EFFECTS OF GASOHOLS ON GLASS FIBER REINFORCED
POLYVINYL CHLORIDE COMPOSITE
By Miss Kangsadan Ekcharoen

Field of Study Che' | Encineering

Thesis Advisor

Partial Fulfillme

: f‘--._ﬁ_:n. the Faculty of Engineering

3, Dr.Ing.)
THESIS COMMITTEE

[ .eitsn.... Chairman
(Apin ) SO0 T-‘-:E#r'

T Ogry -
o

o —— - s T A — —-—u—-l ‘.f ‘_ AdViSOF
1

A

Examiner

iU 1 QZL ARAALELL
R AAIUNRIINTTHY



AaAA LaNIaTLY naresuufaltedseansszneuusanedlafionaelss
wFnusesaedulawia. (EFFECTS OF GASOHOLS ON GLASS FIBER
REINFORCED POLYVINYL CHLORIDE COMPOSITE) 8. ffinsnaneniinusndn:
2. A7, 257y uAln@gwar, 159l

NUIBUTA vl 1,_‘ dl foudulauiauazanuidnduaes

BNLeA LA A T 18 NINSASARERT N A TDIATUTTNALLAING

alllanaalsfiasu AT LSEUNEAY K AL 58 (LA

P =
/1! ‘L\ N \
i \ - >
ATANLAIDU "‘) AV - a 1 1 i- IA2THENILARE 3 HRARLNAT
x .q ']

Toe 19T uoudule i@

- \ ; . . = .
WLATRINAN (Mixer) LagtindAs alt] »:- . ‘ r TUARDIGNNAY (Two- roll milling)

N dounguIMNARTgNNAY

o : o o -«

uignrugLiuuwg 17UTUIUULLANILAS

(Dumbbell shape) i ape) WATLULNNAN (Disk

& \

shape) AU U lAgNUs ) HIAIF SAE 1681 Aa C(E0),,
C(E20),, C(E85), uav/C(E100), ulfint isigtumgive ullusstiziian 16 anfind

3/ ¥ B 3 - i o - -J o
nansmasesn Ul dGleiaiinasn iNNaLsTu dnstiainzim nli

ﬂuuwmnmmawﬂnnﬂu PTG 2 U dsuusemaeidulaudauiuuinmiy
et 2 X 4
fmﬂmte\'u'lﬂu 10 ﬁ Nasannisgadule
B & B A alaal a5 o gl - - -«
Tananinuuas eamwr s LA IR4UBANDaRA Y

éun C(E0), uas :Ii 20,9 NERaaYoung's modulus) AN

WIIAANE WATANYHLTINADAT89A17UsENaLLAINER NaAaateaLaT LT dulauda

i ¥
AARININNGN Llﬁﬂ'\ﬁmuu?ﬁﬂ?”u'ﬂ n m:‘#mnnQﬂuﬁuummaﬂuwumuuﬂwﬂm

MYt L et -

Lumi‘n-fl.ﬂqqnmmm'au‘lﬂ‘i-mﬂnmul.m"'[wgﬂum"l.ﬂluwﬁmmm Aatiuanssznauusi

THIANEL 2Veskiaie kNI

(.

AN ¢ ﬂ{:_m:mmy ______________ mﬂua'ﬁﬂuﬁm
A111917 qAINIIY LPI}I ﬂ']ﬂuﬂ‘ﬂﬂ ﬂ.ﬂlﬁf‘l .

Unsfnwn 2552



##5070213221 : MAJOR CHEMICAL ENGINEERING
KEYWORDS : POLYVINYL CHLORIDE / GLASS FIBER / GASOHOLS / GLASS FIBER
REINFORCED POLYVINYL CHLORIDE COMPOSITE

In this work it and ethanol concentration in
S

gasohols on t PVC/GF composites were

studied. PVC ves) were mixed with

chopped E-glass § _using two-roll mill, then

compressed | ape, block shape and
disk shape spe F ol - simens I &" 2d ifto 4 different test fuels,
namely C(E0),, C(E2D),. A )0);, \' parég according to SAE J1681,
in glass jars at room teriPeratufé \

The experimental resultsife ; 3 bod dispersion of the glass fiber in

the composites. The megchan /GF composites increased with

increasing glas 0L, AVC/GF  composites

increased @ '2"' o j matrix. Test fuels

with low ethanal gontent,” O)a: ?J'J d the tensile strength,
4

Young's modulus, flexurat strength and compresswe strength of PVC/GF composites

to de ogjﬁ ﬁ nﬁfuels with high
ethaﬁu ﬂ ﬂ WHPJ of mechanical
propert s of PVC matrix itself fram absorption of g -octane and toluebmto PVC

q RIRAIRMIN Y-

AcademicYear: .. .2009 ...




Vi

ACKNOWLEDGEMENTS

The author would like to express sincere gratitude and deep appreciation to my

of this thesis, Dr. Aphinan : Ass . Anongnat Somwangthanaroj,

and Assoc. Prof. L‘ , nai, ¢ ¢ kind advices and good

comments
PVC resin d supported by Vinythai
Public Company » ‘ ) >khowledged. Parl inancial support from the

Research Assista Engi Chulz  University, Bangkok, is

Additionally, t _ ienc nd“everyone in the Polymer Engineering
: - uss

r and friendly encouragement.

Finally, | would like to n‘—n;‘;- om the m of my heart, my parents who always
give their unfailing lo ‘ ouragement throughout my

entire study. v 1:"..-

a1
I'!
JJJ

ﬂUEI’J'VIEWl?WEﬂﬂ‘i
awwmﬂmum'mmaﬂ



CONTENTS

PAGE

ABSTRACT IN THAL ..., iV
ABSTRACT IN ENGLISH. ....... 0 LT v
ACKNOWLEDGEMENTS. .../ o P v
CONTENTS........oooor. — - i vil
LIST OF TABLES.... oottt v ook, T ix
LIST OF FIGURES Bl - e X
CHAPTER | INTR@GBUCHONS 8 .. = RN S el ... 1
1.1 General IntrogdiStioi. g B e . e 1
1.2 Objectivegt.. .. JF. B By .. 0ol SERAE W% ... ... 2
1.3 Scopes of thaiSTuE.. ... o Sy . ... DO Wl ... 3
CHAPTER Il THEORN®... @ ..... SRS ... . D0 W ... 4
2.1 Polyvinyl chloride [PV C ) i i i i i e e 4
2.2 Gl1ass DI i e e 6
2.3 Composites. ... o e 7
2.4 Glass-reinterced plastic oo = 9
2.5 Gasohol: ... . .......................... 9
2.6 Polymer sol I'l ility......... Tvreey et 1§ P 18
2.7 Chemical res@a e e 23

CHApﬁ..u %LQ %&l&{ljw gIN9. =

ﬁﬁ'ﬁ*ﬁﬁ% UEIANEIR EJ

A PV C ROSIN. et
o I e 1 =T 34



viii

PAGE

4.2 Preparation of the PVC __, and PVC __, /Glass fiber Composites..................... 34
4.2.1 Preparation of PVC , Dry Blend..................... 34
4.2.2 Preparation of PV! JOMPOSIteS ... 37

4.3 Measurement of P Oh : Phaur £ ( 1 ISt 38
4.3.1 Physical PO O ... cemm— A 38
4.3.2 MechancalPropetties Evalugtions R 41
4.3.3 Scanning.& ’ " f e M e e oo 52
4.4 Preparation Qf 7 L 4 o RN ......................... 53
CHAPTER V RESULTS ‘ (DDISCUSS - AR N SRRSO 55
5.1 Physical bropv es gva o l A ‘ h SR 55
5.11Mass éhang® o s e 4 W T 55
5.1.2 Volume changg......... Pl R N T 63
5.1.3 Water absor, Of‘ﬁr F ” PP TP RRTE 71

5.2 Mechanical properties eval ber——y e s 72
5.2.1 Tensile property. . e ios T T 72
522 C,r e 88
5.2.3 Compres e 96
5.2.4 Impactproperty..........ccooooiiii LN R 104

5.3 Scanning Elec“‘owmroscope (SEM) e e, 113

CHApﬂvuo&lQ]oﬂél E]W]ﬁw E]’] ﬂ‘j .................




LIST OF TABLES

PAGE

Table 2.1 Typical Physical and N rties of Rigid PVC ..................... 5

Table 2.2 Properties of Gas | 16/Ethanol Blends ................ 14

Table 2.3 Increase in ""_'fs additionss e 16

Table 2.4 Comparison be ro erties of t d ethanol................ 17
Table 2.5 Typicalallies offha€olubility |p: y

polymers: 'o; : .. . . TEUTEVPTTTIUTIOSU IR 22

Table 2.6 Molar atiragfion don : 8 £ \ AW .............................. 22

Table 3.1 Carbomyl cogtenton fiber surfa . b, 29

Table 4.1 Formula oF PV, » - 35

AULININTNEINS
AR TUNN NN Y



LIST OF FIGURES

PAGE
Figure 2.1 5
Figure 2.2 i de 1; /Me ; A A 5
Figure 23  Rel f Fessuire with High BIEACERaRO! ..o 15
Figure 2.4 7 V
................................. 18
Figure 3.1 impact results..... 26
Figure 3.2 : tensile strength 26
Figure 3.3 7 j 1 conte ‘ er on tensile and
............................... 27
Figure 3.4 itial fi '_ tent of ass fiber on tensile and
‘ \ .............................. 28
Figure 3.5 FTIR spectra of ECS=§8, ECS-S6/and ECS-S12 glass fibers................ 28
Figure 3.6
....................................... 29
Figure 3.7 7 774; oduli of GF/ WPVC
Omf 5 Processes ....... 30
Figure 3.8 ﬁ - o eifﬁd WPVC
com osites by compression and twin-screw extrusion processes........ 31

Figure 3 W Effect of fiber orlentatlo‘g angle on flexural propemes of glass flber

QYR OSNNA ‘VIFJ.T]..@..EJ

stock

Figure 4.2 Compression-molded PVC _, _ Sheet............oooiiiiiiiii

stock
Figure 4.3 PVC, ./ glass fiber compound from a Two-roll Mills ......................... 37
Figure 4.4  Compression-molded PVC ./ glass fiber composite Sheet ............... 38

Figure 4.5 Specimen (disk) for Change in Weight, Dimension, and Appearance.... 39



Xi

PAGE
Figure 4.6  Specimen (disk) for Water Absorption evaluation.............................. 41
Figure 4.7 lllustrations of Tangent and Secant Tensile Modulus ......................... 42
Figure 4.8  Toughness of the Ductile a rittle of Materials...............ooo, 43
Figure 4.9 Dog-bone Shape Spe j trength evaluation................. 44
Figure 4.10 o BehSA, ASTM D638 or ISO 527).... 44
Figure 4.11 iversal T¢ ] tachi Ins ............................ 45
Figure 4.12 i Sting M (Instro Mod 9) for Flexural Test
imensiof'o! DE8oore & .\\ (ASTM D638 or IS0 527)..... 45
Figure 4.13 » ry _‘ \\\\ MO 47
Figure 4.14 oEpedimdnbiipuc : n \ CF COMPOSHE .v..evveeeen 47
Figure 4.15 n afcofipiessiverstre e materialt . 48
Figure 4.16 ressive Propetiies evaluation.................. 49
Figure 4.17
..................................... 50
Figure 4.18 Di i “ D256 ....oooiiiiiiii, 51
Figure 4.19 -fo! -_*,H Lstre 0N 51
Figure 4.20 ChESEraeE Vb i i FR 51
Figure 4.21 Sea mﬁé" ...................... 52
Figure 5.1 v{ ers o\" on
masﬁhange of PV 0 wt% Composifés.... IB .......................... 56

Figure 5.2 Effect oﬁ‘beaent ethanol in test fwnd immersion time on

E‘ M Fﬂ?@?{lﬁ)wnﬁew EI'] ............................ 56
Figure ﬁﬂ ct of percent ethanol in test fuel and immersion time on

mass change of PVC/JF 15 Wt%) compesites................... el ... 57
TR RSB WA REAR &
II mass of PVC/GF (15 wt%) COMPOSItES. .........ovviviiiiiieiiiiiieeee e 57

Figure 5.5 Effect of percent ethanol in test fuel and immersion time on

mass change of PVC/GF (25 wt%) composites..............coevveeeeieeeennn.. 58



Xii

PAGE
Figure 5.6  Effect of percent ethanol in test fuel and immersion time on

mass of PVC/GF (25 Wt%) COMPOSIHES........cuoviiiiieiecieeeeeeeee e 58

Figure 5.7  Effect of percent of GF in ‘ osites and immersion time on mass
ed in C(EO), test fuel............... 59

Figure 5.8 mersion time on mass
......................... 60

Figure 5.9 ion time on mass
, testfuel............ 60

Figure 5.10 ion time on mass
....................... 61

Figure 5.11 time on mass
5), testfuel............. 61

Figure 5.12 [ er on time on mass
........................ 62

Figure 5.13 d immersion time on mass
composit erd in C(E100), test fuel........... 62

Figure 5.14 Effect of p '_~""-' ‘ mersio 'Ime on mass
oFRYC/GE composites immersedin CIET00 Htacstidel ..................... 63

Figure 5.15 Ef { ers o\" on volume
chaﬂ of PVC/GF (0 wi% composutes....?. ...... w ......................... 64

Figure 5.16 Effect cfpﬂent ethanol in testfu)and immersion time on volume
Mﬁ%ﬁ w ﬂ’]ﬂ? ................ 64

Figure of percent ethanol in test fuel and immersion time on volume

change of PVC/GF 1%&% ) COMPOSItesit. ..o

R '} Nﬁ%ﬂé WA El

of PVC/GF (15 wt%) composites

Figure 5.19 Effect of percent ethanol in test fuel and immersion time on volume

change of PVC/GF (25 wWt%) COMPOSItES.........ociieiiiiiiiieiiiieee,



Xiii

PAGE
Figure 5.20 Effect of percent ethanol in test fuel and immersion time on volume
of PVC/GF (25 Wt%) COMPOSItES. .. .uvviiiieiii e, 66

Figure 5.21 osites and immersion time on volume

Effect of percent of GF in¢c

ed in C(EO), test fuel............... 67

Figure 5.22 : , l ncon andimmersion time on volume
e e e T 68

Figure 5.23 S5 OS] ) rsion time on volume
V ‘ ' - , testfuel............. 68

Figure 5.24 ion time on volume
.......................... 69

Figure 5.25 time on volume
| (E 5), test fuel............. 69

Figure 5.26 ento G&E 7 TROs{tes ¢ :i \ ion time on volume
cq pos‘?ﬁ 1 C(E85), test fuel.............cce.ee. 70

Figure 5.27 Effect of pe ‘-‘ € c § _ nd immersion time on volume
change of PVC/G -.-..m:‘: 3 ed in C(E100), test fuel........... 71

70 7

Figure 5.28 > B G F OMPOS mersio 'me on volume

mﬂ’“” - T 71
Figure 5.29 E ¢ 7 '.; ime on water

absﬁtion of PVC/GF composites immersed in ” <] S 72

Figure 5.30 Effect oipgent ethanol in test f@and immersion time on

u ﬁ {a ﬁ w ﬁ‘;’ ............... 73
Figure ect of percent ethanol in test fuel and immersion tim

tensile strength of PVC’GF (0 Wt%) composites................... .l ...
FRIARIAA WA A El
tensile strength change of PVC/GF (15 wt%) composites...................
Figure 5.33 Effect of percent ethanol in test fuel and immersion time on

tensile strength of PVC/GF (15 wt%) composites.............ccccooveveinnnn. 74



Xiv

PAGE
Figure 5.34 Effect of percent ethanol in test fuel and immersion time on
tensile strength change of PVC/GF (25 wt%) composites................... 75
Figure 5.35 Effect of percent ethanol in test fuel and immersion time on
VC/GR (25 WHA) GompoSites.............vvvovoeoor 75
Figure 5.36
..................................... 76
Figure 5.37
............................... 77
Figure 5.38 lon time
100 tes ihmersed
A 77
Figure 5.39 “ ites an \ nersion time
engih-oF PV ‘ ,.1' es immersed
R R 78
Figure 5.40 Effect of p A5 GEir nersion.time
‘ .bm—m\‘ arsed
in C(E85), 4 . 78

Figure 5.41 .!l percent of in composites and immer@w time

on tensile ﬁngth of PVC/GF cowsites immersed

H(Cﬁfeg; m Gﬂnmjteﬂdﬂn :]S,Oﬂm‘; ............... 79

on tensile strength Cha‘ge of PVC/GF coffiposites immersed ./

AR NN IRE -

|gure 5.43 Effect of percent of GF in composites and immersion time

Figure

on tensile strength of PVC/GF composites immersed

in C(E100), test fuel....... ..o 80



XV

PAGE
Figure 5.44 Effect of percent ethanol in test fuel and immersion time on Young's
modulus change of PVC/GF (0 wt%) composites...............ccvvveevieennnn. 81
Figure 5.45 Effect of percent ethanol in test fuel and immersion time on Young's
H hige e 81
Figure 5.46 | w 10l et | mersion time on Young’s
ha ‘ ) . EN 7 IS, . e 82
Figure 5.47 percent cinanol i time on Young's
7RSS 82
Figure 5.48 O ' sthano in.tes F' S in ‘ime on Young'’s
s gt POSHES. ..o veeooreveeeresne 83
Figure 5.49 4of pertent tha e st'fuel and imm . 0 time on Young's
v C ' ............................. 83
Figure 5.50 i grce| ~in composites ar -'\1 on time
SFPVC 1e )sites immersed
................................. 84
Figure 5.51
on.Young
‘Qﬁ'ﬁm— A 85
Figure 5.52 ” S

.I

on yJ ng’s modulus change of PVC/GF compo s immersed

in C( Ew,i&st FUBL. e e B e e e 85

. wwﬂmmm

on Young’s modulus change of PVC/GF composites |mmersed

iN C(EB5), test fuel. ... 86



XVi

PAGE
Figure 5.55 Effect of percent of GF in composites and immersion time
on Young’s modulus of P omposites immersed
“ e 87
Figure 5.56 GF ir 0 mersion time
@sites immersed
.......... ~ ... 88
Figure 5.57
............................. 88
Figure 5.58 4Of pertent - . N time on
08|tes ................... 89
Figure 5.59 SI  time on
1 JURRRRR 89
Figure 5.60 : d immersion time on
> Wt%) COmMPOSItes.................. 90
Figure 5.61 Effect of p ShEiBroL srsion time on
S eral Strength 0t PYC/GE (15 W% ) COMPOSIESmthrt ... 90
Figure 5.62 E i ' eon
erxﬂ strength change of PV F (25 wt%) «Hﬂ OSiteS....oveiiiennn, 91

Figure 5.63 Effect oibﬁent ethanol in test f@and immersion time on

Hﬂf@;ﬁ”ﬁ Wﬁﬂ‘j ............... 91
Figure eCct or percent o in composites and immersion time

on flexural strength Chgnge of PVC/GF eGmposites immersed
|gure 5.65 Effect of percent of GF in composites and immersion tlme
on flexural strength of PVC/GF composites immersed

iN C(ED), test fuel. ..o 93



Figure 5.66

Figure 5.67

Figure 5.68

Figure 5.69

Figure 5.70

Figure 5.71

Figure 5.72

Figure 5.73

XVii

PAGE
Effect of percent of GF in composites and immersion time
on flexural strength change of PVC/GF composites immersed
iN C(E20), test fUel.. .ot he i 93
............................................................ 94
rsion time
)sites immersed
........................... 94

time

C ' n ée \ mersio
Vi e N
st rudl. \ ............................. 95
Y and im ér on time
hé ‘ es immersed

in C(E100),te fuet = '. - G 95
Effect of percent r S and immersion time

on flexural stréngth of PVC & amersed

_g J;;;.,.;:.m....;—*- . A 96

L “.

101

O S
Tl
conmassive streng ange of PVC/GF (0 wt% m omposites............ 97

Effect oipgent ethanol in test fwand immersion time on

0 G AENEREANT -

compressive strength ‘hange of PVC/GEH45 wt%) compositesi.......

FRAKIAITRUAVTABAR El

Figure 5.76

compressive strength of PVC/GF (15 wt%) composites......................
Effect of percent ethanol in test fuel and immersion time on

compressive strength change of PVC/GF (25 wt%) composites.......... 99



Figure 5.77

Figure 5.78
Figure 5.79
Figure 5.80
Figure 5.81
Figure 5.82
Figure 5.83

Figure 5.84

Pl 1

'R

Figure 5.85
AR

Figure 5.86

XViii

PAGE
Effect of percent ethanol in test fuel and immersion time on

compressive strength of PVC/GF (25 wt%) composites...................... 99

Effect of percent of GF in osites and immersion time on

th ot F composites immersed

......................................... 100

S|on time on
................................ 101

] on time on

\ ( es immersed
W 101

....................................... 102
d ersion time on
C/GF cofnposites immersed
............................ 102
ffffff on iime on
in CA)Atest fuel ] TR 103

Effect oip‘egent of GF in compoﬂ}ﬁs and immersion time on

Effect of percent of GF‘n composites angsimmersion time on &

M ﬂﬁu WATHFRETRNE

iN C(E100),test fuel......vnii i
Effect of percent ethanol in test fuel and immersion time on

impact strength change of PVC/GF (0 wt%) composites..................... 105



XiX

PAGE
Figure 5.87 Effect of percent ethanol in test fuel and immersion time on
impact strength of PVC/GF (0 wt%) composites..........cccoevviiiiiiinnn.n. 106
Figure 5.88 Effect of percent ethanol i fuel and immersion time on
fige | 106
Figure 5.89
107
Figure 5.90
107
Figure 5.91
108
Figure 5.92
109
Figure 5.93 7 " , ] r Site dy . Srsion time
' i ites ersed
| 109
Figure 5.94 Effect of pe SHEf 6 Fin con mersion.time
seimpact strength change of BVC/CE composites wpiersed
Seler s 110

Figure 5.95 Effe f percent o

on impa‘tﬁngth of PVC/GF co&gosites immersed

SGunanEnaneang -

on impact strength cha‘ge of PVC/GF composites immersed ©."

AR RNV INE AR E

|gure 5.97 Effect of percent of GF in composites and immersion time

on impact strength of PVC/GF composites immersed

iN C(EB5), test fuel....covie i 111



XX

PAGE
Figure 5.98 Effect of percent of GF in composites and immersion time
on impact strength change of PVC/GF composites immersed
in C(E100), test fuel..... el PP 112
Figure 5.99 Effect of percent of GF in con ites and immersion time
on impact st = ‘
in C(E100), testfuel-....... - TEEm—— B e 112
Figure 5.100 SEM mige ap VC: 5F compositesatOwt% ........................ 114
Figure 5.101 SEM miefograpf _ /GF AS W% oo 115
v ‘ v 116

Figure 5.102 SEM mierographs of C 2OWtY0 oo

AUEAINENTNEINS
RN TUAMINAY



CHAPTER |

INTRODUCTION

1.1 General Introduction

rébeen increasing dramatically
——]

Presently, the r oline censu

and ethy! alcohol: idlelys ‘as an alte Uels f asoline. Commercially, EO
(or normal gasoline
85, and 100 voI% ¢ 3lcor espectively. In- -».‘:. the trend of gasohol

consumption rate S risiag rapidly.. This-results i juction of imported crude oil and

domestic crop price gnhan “Gasohols with ier content of ethanol are more

Lately,‘ ¢ C ative material for gasohol

fuel system, due fmwe COrrosive res Xibility, transp@wcy and easily molding.
There are many type?cgastlc in these dayvd polyvinyl chloride (PVC) is generally

o 1112w 3 113 (b L

In engineering, the materialffrend is becomingglighter with high toaghness and
PRASER FEULRAGRB B
Qigher one. To increase the plastic toughness, the reinforcing substance such as glass
fiber is added. The glass fiber is a high-tensile fiber with high modulus and high
humidity and corrosive resistance. Moreover, the glass fiber also has very stable

structure and cheaper price compared with other fiber material. The application of glass



fiber to the PVC should give better mechanical properties of PVC. This can be
developed into suitable fuel system parts for automobile using gasohol.
In this work, the effects of glass fiber content and ethanol concentration in

gasohols on the physical and mecha

ical properties of PVC/GF composites were
sites and gasohol was studied the

and mechanical properties of

o sical and mechanical

\\ gasohol on physical and

posites.

|
and) with aspect ratio

272. 73 urchase ro

oup CLo., Ltd. m

PVC dry b‘end designated “PVC s mixed with the appropriate additives

mmmﬂmmm Fereon

and 75:25 are prepared. ¢

A R THRNA TR TR A B

Fuel C and aggressive alcohol according to SAE (Standard J1681).
Note: ASTM Test Fuel C

- Test Fuel Cis composed of 50% toluene and 50% iso-octane



Aggressive ethanol
- Synthetic ethanol 816.0 g, de-ionized water 8.103 g, sodium
chloride 0.004 g, sulfuric acid 0.021 g and glacial acetic acid
0.061 g (SAE J1681

Wz

- These physical propertie: omposite will be determined:

- Mass chan

- Volume

Al

- These mechanical pigperties he posite will be determined:

- Imp:

- The scanf g" i ) -MiGrOSCOp! ‘ ‘r,ll"\.‘ >ric composite

AF

AUEAINENTNEINS
RN TUAMINAY



CHAPTER I

THEORY

2.1 Polyvinyl chloride (PVC)

/}

PVC is a poly e emp'es ed molecules comprising of
carbon (C), hydrogen [ori d PVC | trmoplastlc which softens,
melts or flows when heated an i s *-u,,.: be reformed into another
product many times (i process \ orlglnal structures and
properties destroyed. PMC is'po bece S & -funetion plastic with unique
properties comparing with \ . A' 7 ‘ \ \h durable, easy to clean,

. ‘ I caI substances and being

i ‘ are common salts at 57

ercent. The PVC production
process is made by fhe o ) . of salt=y salt er is chemically decomposed
by an electric current being pa ,' _.!_- ough orine ‘is produced (along with caustic
soda or sod|um hydrOXI" 2 nydroge : 1ing crude oil yields naphtha and
Aene ; hich is a molecule
made up of caror

chemically comb@j fofm ano

in Figure 2.1. Thro%gh another chemical process called polymerization, the VCM

) PR3N 113 1PN | PN
thousands' of al C) assshown in Figure
2.2 [3- 5] Where n= 700-1500 holdia unique posm%among the ponm@produced

FTRANAT 30 AT R:

qs versatility is almost unlimited.

A,
ar #s gases and when
y oride momer (VCM) as shown



H'x H
C:C/
s *,

Cl H

e V) 6]

Due to poor groper e ) \m,; and poor heat stability,

PVC is never used alog | lizers, ubrioants, plasticizers,
fillers, and other & ,itf S tgr )ssible, . hich can influence its
physical and mechapical ' rties l - ‘ and mechanical properties of
rigid PVC are shown in Table 1 , ‘ ‘ ‘ \ ’

Table 2.1: Typical Physiéatand Mec al Properties of Rigid PVC [7]

ASTM or UL test | 2 ; 7 Brok ' PVC (Rigid)

0.778-1.47

0.032-4

q D695 Compressive strength (MPa) 74.50

D790 Flexural Modulus (MPa) 80-90

D256 |ZOD Notched Impact (J/m) 16-1,070




PVC has an excellent resistance (no attack) to dilute and concentrated acids,
alcohols, bases, aliphatic hydrocarbons and mineral oils. It has good resistance (minor
attack) to vegetable oils and oxidizing agents. It has limited resistance (moderate attack

and suitable for short term use only o0 aldehydes. But it has poor resistance (not
| ‘=‘ k/ rs, aromatic and halogenated
hydrocarbons, and ketone ‘ })
| —

. — ' S ——
2.2 Glass fiber / N

f..-. aments made by attenuating

recommended for use)

resists moisture ar al properties. C-glass is

designed for use whe SR required. D-glass (a high-

boron-content glass) ery «good electrical properties, particularly the dielectric
E 3 . ;A_Jr !

constant, and is used in elec a ‘pﬁé glass is used for high strength and

stiffness, whereas R-glass_is & high :*_,,_,s iber used mainly for aerospace
2 ol Tl W

glass—reinforc-" ' han S-glass [9].

P Y
‘Tl ament is formed into a

2ots to a strand. A sizing

- il
Glass fil '..:I ; _
strand with 200, H 800, 1000, 2000, 3000, or 4000 fila
agent is applied to.ithhﬁlaments to bond Wm into the strand and to give them

environdﬂvtﬁ , r!sge %ﬁWﬁJW p’ﬁﬂ; ﬁn%re added to the
duc esion of tﬁe resin e

finishe s to enhance ad matrix to glass fiber. Silanes,

chrome complexes, and polymers a% used as co’uiliia ents. e/
‘qq I | :r:l @arﬁ tl tF Mdu@ MUfa tu t!eli \E‘Lgt\@s E"lglass
reinforcements. Glass fabrics, glass mat, and chopped strands are the most common

reinforcements in reinforced plastics, but there are also many others.



In the form of short (1/4-1/2 in.) fiber, glass fiber leads to good impact strength,
electrical properties, and temperature resistance in many thermosetting compositions.
This use is not to be confused with its function as long fibers or woven fabric to reinforce

resin matrix composites [9].

2.3 Composites

A composite is a synthetic assembly of two

or more materials ompatible matrix binder)
to obtain specific structural composites,

frequently referred t Si are a blend of two or more components,

The fibers clative | haps several times more
than the matrix materi different properties in two
difference directions). The fiber .;1ﬁo.af., ' 3l composite is long, with length-
to-diameter ratios of over A?-'v'--e:  . the matrix are joined to form a

composite, the_y both retain _,, denti nd both directly influence the final

properties of compe ‘ ;J ayers (laminate) of the

.‘s‘.ﬁ- properties [9].

Common Catego:m of Composite Materials m

Iy, ‘; pOsite erial is, col ibers, particles,
flakes, ﬁ/‘ﬂﬁm dmnym( Imﬁtﬂ ﬁegms The matrix

holds the%mforoement to form the geswed shape wh|Ie the relnforcementdroves the

VIR NS (IS e

of reinforcement, common composite materials can be classified as follows [10]:

fibers and l%-’,.' cked in or

e .



1. Fibers as the reinforcement (Fibrous Composites):

ous fiber (long fiber)

composites

: S O
o %fé

)4
gﬁ

. ]

t flakes as the reinforcement

2. (I:;aar:::CIes as the reinforeer Y. ,
I
fl ‘IJEI’J NEIN

ARIANTS N%‘W’J NYIAE

iller composites)



2.4 Glass-reinforced plastic

Glass-reinforced plastic (GRP) is a composite material or fiber-reinforced plastic

made of a plastic reinforced by fine glass fibers. Like graphite-reinforced plastic, the

fer y the name of its reinforcing fibers
&GRP production- most often

r epoxy are also used. The

woven fabric.

: -\ ' ch as reinforced concrete), the two
inglthe w\ *«.\ Whereas the plastic
ind 4 \ ? weak in tensile strength, the
gainst compression. By
resists both compressive
iniformly or the glass may be

specifically placed i

[11].

will experience tensile loads

2.5 Gasohol

i .E——.—____===v r

:, o ethanol, mixed at
¢ £‘=

different ratio. ihe peis—C additive to enhance

oxygenates valuemﬂd octane number of gasoline which no ‘ [ly rendered by Methyl-

Tertiary-Butyl-Ether ( wTE [12]. Because ofﬁ make gasohol has higher octane, or

antikno urﬂ q ﬂﬁm?ww’c}oﬁ ompletely [13].
The et obtaine ntation, follo is n, using crops,

such as maize, wheat, potatoes, rl(f corn, tapioca efssugar cane [14]. Cambustion of

% PRI BRI H PR o s

an general 95 octane gasoline, and helps to reduce black smoke, aromatic

hydrocarbon, benzene, and dust emission from exhaust pipes [15].
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Background

The use of ethanol (alcohol) in motor vehicles is neither a new technology nor a

new concept. There is extensive literature on the subject dating back into the 20’s and

3 By {'- time periods,

used should be economical,

ad |t|o al hazards such as fire,

\

Mixing _alcohol Wi -..:-5‘_1{,_'_';9 0.*:;‘_{" Advantaes of fuel blends are

that alcohol ten s particularly important in
[ xa
unleaded fuelg 'w"'ﬁo the engine. The

primary disadvanye of mixing | ar alcohol Vm gasoline is that under

certain conditions theie alcohols may separate from the gasoline. An engine adjusted to

gﬁ hShI NI RAN 1N b7 I
gasolin used'b ﬂi Icohol cules and their

tendency 0 absorb water, also a mlar substance. lﬁhyl alcohol is the W’[ likely to

mperature ecreases, the quantity of water absorbed increases, and th a|yofthe

gasoline decreases [17].
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The proportion of ethanol used in Gasohol is generally 10 percent across the
world, including Thailand because this proportion of mixture can be used in vehicles
without engines modification. However, many countries are now trying to promote the

use of ethanol by mixing it at a highen proportion with gasoline. Brazil is one such

percent (E20) up to pure ethanol

(E100). Besides Gasohol E -_ ) Canada and Sweden also use

kept in this formul Glos ine Wuring the cold weather.
Gasohol with 85 pe [ ion of ethar “high an octane rating as 105,

which can boost the
E10

E10, someti : ‘ 5 fe) ﬂ‘." ,. i A : ‘: vol% ethanol and 90vol%
gasoline that can be in th ;( bustion e gines of most modern
automobiles. Accordi rtn ent o A e E10 is not harmful to cars'
fuel systems. However, it ng’ o 5: . aircraft [18].

'-vw

= _r""u-_ p-

E15

E15 ‘5-"@.._m.,::.—.—.r..:...:;m;;-.m. e This is generally the
* LY
tz anufacturers that sell

)
greatest ratio ot
vehicles in the U :lIo States, thougt possible that many @icles can handle higher

mixtures without tro‘b&Flemble -fuel vehu&; (FFV) are designed to take higher

U ‘Wﬂ NINEINT
'5] W'}M AT RRIRL AR

e standard ethanol-gasoline mixture sold in Brazil, where concerns with the alcohol
supply resulted in a drop in the ethanol percentage, previously at 25 vol%. Brazilian
flexible-fuel cars are set up to run with gasoline in such concentration range and few will

work properly with lower concentrations of ethanol. U.S. FFV can run below 20 vol%
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ethanol, but up to E85. This fuel is not yet widely used in Australia or the United States. It
will be mandated by the U.S. state of Minnesota by 2013. Available also in Thailand with

tax reductions for “E20” engine cars [18].

E85

E85 is a mixture of 8 % etha gasoline, and is generally the

.S. as of 2006, mostly
concentrated in the S ‘ | fof thos V ota. This mixture has an
higher than normal gase ; ‘- nount of gasoline helps
a conventional engine en using- € jer cold conditions. E85 does not

always contain exac ¢ Y thanel! In" wintel -\ ially in colder climates,
F L ¥

additional gasoliné'is added!(to facilitate, cold, sta \ 85 contains approximately 27%
less energy per gallon th onv‘?& !-» 450l ine, alt ough ethanol typically burns more
efficiently. These results ;_._ my ess than the energy content would
imply [18]. '

E95

e

ompression is A@d

opposed to the operin%)f gasollne engme“ere spark plugs are used. Because of

necess or successful diesel engine operation. This een used with success

SHIANT %ﬁﬁm nend

E100 is ethanol with up to 4 vol% water, which is most widely used in Brazil and

E95 deSignate ition improver and is

used in some diI engines where hig to ignite the fuel, as

Argentina. Operation in ambient temperatures below 15 °C (59 °F) causes problems

with pure or so-called neat, ethanol for starting engines. The most common cold weather
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solution is to add an additional small gasoline reservoir to increase the gasoline content
momentarily to permit starting the engine. Once started, the engine is then switched
back to neat ethanol. Ethanol used as a fuel in Brazil is the azeotrope (the highest
concentration of ethanol that can be achieved via distillation) and contains 4 vol% of

water [18].

The additi 10 4€ C \ 5 to the properties of the
/ ‘ \‘ﬁ\\ \! fformance in many ways.

onomy, operability, full load
performance (power anges in fuel composition

affects these engi lent on the engine itself,

including engine desi 1 ) f',--, Syste WeII as emissions control
equipment.
Table 2.2 summaries the-some of th ior properties of gasoline, ethanol, and

mixtures of 10% and 20% ( h gasoline. This is assuming splash

blending of the components w , no for the gasoline component.

X

1)

ﬂUEI’JVIEWl?WEﬂﬂ‘i
QW]MﬂiﬂJMWl’mmﬂU
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Table 2.2 Properties of Gasoline, Ethanol and Gasoline/Ethanol Blends; except for ' and

? from calculation) [19].

10% Ethanol / | 20% Ethanol /
Property Gasoline Gasoline
Blend Blend”
Specific Gravity @ 0.735-0.765
Heating
(MJ/kg 40
BTUb) 4 4 f 48,700 [411,600'( " 18,00¢ 17,200
Heating Value &
(MJ/litrg) B2 " L 30i 29.9
(BTU/gaI) / L Y 12,900 109,000
Approx Reid Vapou
. K 64 63.4
Pressure @ 37.8°C (kPa)j_‘d
StoichiometriciAir/Fuel Ratio | 14.6° | 135
7

VO.aﬁmﬂ uﬂraﬂ E]'y]‘j'w 40k

F%I volatility can be describ ed by vapour pressure, each of which is important

nun rstandlng what is required f m the fuel in tefms of satlsfyln engl erability
ﬁ 9.4 apour

b Sied Frbi dophs bl e ok
‘ressure of the mixture is greater than the vapour pressure of either the gasollne or
alcohol alone. The molecules of pure alcohol are strongly hydrogen-bonded, but with

small amounts of alcohol in a non-polar material (i.e. gasoline) the hydrogen bonding is
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much less extensive and the alcohol molecules behave in a manner more in keeping

with their low molecular weight. Thus the alcohol becomes more volatile [20].

Reid Vapour Pressure

Guibet states that increases in the Re pour Pressure (RVP) of 6 — 8 kPa can
be expected with ethano { 14396 i gasoline with normal volatility.

This increase in RVP ' VP n sur@r pressure of a liquid as

measured by the progedure anc 0 oplied to automotive fuels.

For automotive fuel {'/)(n \}\K\\’..\.m ed at 37.8 deg C is used

blend content. The RVR/only di 5 consistently belc o ne RVP with blends of

to define the fuel volatility fuel for different ethanol

ethanol greater thaf 30%

80

-~
o

60 { - ‘_- . . ___-_-' _____________________

[4)]
o

_________________________________________

_____________

w
o

Reid Vapour Pressure (kPa)
] e
o o

ﬂuﬂﬁwmwﬂﬁ‘s

Flgure 2.3 Reid VapouriPressure with H|ﬁBIend Ethanol 21

ARIANN FURAITNE 8¢

Table 2.3 shows the change effect of an addition of 10% and 20% ethanol on the

=
o

RVP of the base gasoline fuel.
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Table 2.3 Increase in RVP with ethanol addition

Volume % Ethanol added RVP (kPa)

62

Many studigs®havesbeen  carri | out to compare gasohol and gasoline as
automotive fuels. In. ‘ elf to be comparable in
performance, but to f@ve /mz nvironmental advantages. Some of these are as

,'

‘gasolines. This is particularly

follows: ‘
(a) 10% alcofiol boos
important wher s MMT (methyl cyclo pentadienyl

manganese tric

(b) Gasohol has bee s-;vAv-s' t “in Purdue School of Technology to

el burned.

(c) ; st pollution fro : ‘ compared to regular

gas 16

) The carb%p monoxide emitted when usmg gasohol is often so low it cannot

ﬂﬂeﬁ’mﬂﬂﬁ‘iﬂﬁl’]ﬂ‘i

Carbon build-up is reduced

3§ WA BTN e

qmeaded gasoline” without any reference to gasohol [22].

o

)

Ethanol as an automotive fuel

Tables 2.4 compare some of properties of ethanol to those of isooctane.
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Table 2.4 Comparison between the properties of isooctane and ethanol [16]

Isooctane Ethanol
Property
(CgH,p) (C,H,OH)

Molecular Weight 114.224 46.07

)
C:H weight ratio . \EW - 5.25 4.0

Boiling Point, °C at 1 ¢ 99.24 78.3

Vapor Pressure, pSI al 37 Beis 1.708 2.5

2 | S
Surface Tension, -/MNL 17 77 23
Viscosity, cp at 20 °C W// ‘ ‘\\\\\\ 503 1.17
Specific Heat o oolllﬂ &\ 5 0.6
Heat of Vaporizati ﬂ l I @: ﬂ‘\‘\\“ 32 395
) Yad WY

Heat of Combustion

‘ i .
-Higher heatingvalue lm “\“ ),556 12,780
-Liquid fuel-gaseo ﬂ% ﬂ‘k 19,065 11,550

Stoichiometric Mixture, ..ﬁf \ | 15.13 9.0
-ﬂ

Autoignition Temperature, °© 417.8 362.8

Octane Number 106
A
Ethanol'has B ) f anol (approximately
12,780 Btu/lb Vs, ,500 Btu/lb fol ethanol). oweVer, thanol's Btu value is still

significantly lower triarjﬁasoline’s A gallow ethanol contains about 0.7 the Btu

AR NN IR 5?‘;5 ane

between ethanol-gasoline blends anid gasoline.

’5] RAANNSUIAI NN L.

otane Number) and 85-100 MON (Motor Octane Number). The addition of ethanol to
nonleaded gasoline causes the octane rating to increase along with the antiknock

capacity of the fuel [16].
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2.6 Polymer Solubility

Liquid environments can have positive and negative effects on the properties of

polymeric materials. Some chemical or solvents can have detrimental effects on a

)ctane clearly show a slope
reduction with a visi : it,.. ng it possik ’- do long-life predictions.

On the other ha ‘sanf S exp ed t@ isopro do not exhibit such a slope
reduction, suggestin ‘ iSOl ot iS¢ | onment with acts as a solving
agent and leads to g ‘ ' ion.omthe P\ .

ﬂﬁﬁﬁﬂﬁ“meﬁm’? NEYTRY

The question of whether a chemical is harmful to a specific polymeric material
needs to be addressed if the polymer component is to be placed in a possibly

threatening environment. Similar to polymer solutions, a chemical reaction between a
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polymer and another substance is governed by Gibbs free energy equation. If the

change in enthalpy, AH, is negative, a chemical reaction will occur between the

\ l/

Dissolving a poly 1 slo v rs in two stages. First, solvent

polymer and the solvent [23].

1. The Solution Process

molecules slowly diff into ) e n gel This may be all that

happens-if, for exa“ intermolec ces are high because of

t if these forces can be

highly important in determlnln itszsofubility: inked polymers do not dissolve, but
only swell if indeed th < Nt ¢ 1, at jeast, the degree of this
interaction is ST------—-—---—---—,—--—--—--——----r—— :-': linked rubbers swell

extensively in Sohve uld dissolve, but hard

ermosetting resins, may not swell apprm

rubbers, like ma bly in contact with any

solvent.

fl UHANENINEANS.... o

features may give rise to sufficientlyghigh mtermolecuE‘forces to prevent wbmty The

ﬁq ﬁﬁ ﬂﬁfﬂom ’%%%lhﬁl} ﬁ [ uIarIy
qonpo ar ones, do not dissolve except at mperatures near their crystalline melting
points. Because crystallinity decreases as the melting point is approached and the
melting point is itself depressed by the presence of the solvent, solubility can often be

achieved at temperatures significantly below the melting point. Thus linear polyethylene,
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with crystalline melting point 7. = 135 °C, is soluble in many liquids at temperature
above 100 °C, while even polytetrafluoroethylene, T, = 325 °C, is soluble in some of the
few liquids that exist above 300 °C. More polar crystalline polymers, such as nylon-66,

T, = 265 °C, can dissolve at room tempe

There is little g ve @ influence of branching on

solubility; in general, branched. s ccies appea re readily soluble than their

re in solvent that interact strongly with them

linear counterparts of the safie.chiemical type and molecular weight.

of polymer solutions, i§" highly/develop 1 dnly ‘ \

crystallinity. Her micalf natire o polymel is by far the most important

sed on the thermodynamics

Iymers in the absence of

determinant of solubi ‘ teddnitl inder of this section. The influence
of molecular weig t it'is of great importance to

t] > distribution of molecular

fractionation processes, ield information o‘a\-‘

L

J JJ‘V

3. Solub|I|tyParamet T T‘" J

weights in polymer samples.

Solubi ' "7: ------- when the free ener Ye ; It was long thought

that

AG = AH TAS

fi TTTIE (M E S

was det ined by the sign and magnltude of the heat of mixing AH. For reasonably

TR RSNy

e heat of mixing per unit volume can be approximated (Hildebrand 1950) as

AH=Vv,0,-0,)
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Where V is volume fraction and subscripts 1 and 2 refer to solvent and polymer,
respectively. The quantitative 0 is the cohesive energy density or, for small molecules,

the energy of vaporization per unit volume. The quantitative 0 is known as the solubility
parameter. (This expression for the heat ixing is one of several alternatives used in
theories of the thermodynamics of po | %

t5 can be calculated for

interactions such as hydr wding, ility"e excepted |f51—82 is less than

' Burrell (1955). Has been
extensively used, partiéulag | ndustry. A » ypical values of O, and 0, are
given in Table 2. - pdlymér: Extensive atic 1S has been published. Perhaps the

easiest way to determine 0. for nown st & is by the molar-attraction

wieo
P lre

*j_*. Sk

wherevalues of £ 2 ur overthe-structurat-con ~.g’3=‘ on of the repeating

yp.

constants E of Table 2.6

o s,

unit in the poly yﬁ

The origina squbiIity parameter approach was developed for nonpolar systems.

Modific to, i r| to_three-dimensional
soluUhﬁzuﬁ lack thegsimplicit je g rameter method

but are rmre widely applicable. Deéplte its shortcomlngs the concept is nevertheless

ﬁ“W’Tﬁﬁﬁ‘JW?TTﬁWﬂ Y1 Y

In contrast to the above considerations of the thermodynamics of dissolution of
polymers, the rate of this step depends primarily on how rapidly the polymer and the
solvent diffuse into one another. Solvents that promote rapid solubility are usually small,

compact molecules, but these kinetically good solvents need not be thermodynamically
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good as well. Mixtures of a kinetically good and liquid are often very powerful and rapid

polymer solvents.

Table 2.5 Typical values of the solubility parameter O for some common polymers and

solvents [24]

3\1/2
Solvent ‘ 82 [(J/em®)'?]
n-Hexane = —~Polyethylene 16.2
Toluene | 3 e t‘-‘.".‘m. , 16.6

Benzene : /”“h\%\ lon-66 27.8

pesone 7 I \\\ I
L AP

Methanol \ “\ \_\ 17.6

Water IIM’ \‘k\, 315

Table 2.6 Molar attractior

E [(J-cm*)'"*/mole]

—CH, — 463

. E} .r"\#‘ 1 368

| 125
65 ca a4 725

733
429

701
Cl primary 419
/C—ammat Cl secondary 425

AN E?w%’wmm”

—CHO trans

’QW’tﬁ\iﬂ‘iﬂﬁJWﬂ

—H acidic dimer

“Hoy {15970},



23

2.7 Chemical Resistance

The ability of some polymers to resist strong acids, alkalis, and solvent is
notable. The primary factors affecting the ability of a polymer to retain original physical

properties after exposure to a ree b dhemical
morphological nature of the polyme ‘ 5

are the exact chemical and

type and concentration of the

ickness, and the mechanical

stresses that are SW ' weral, chemical resistance
tests, as conducted by _suppliers| ‘comy ders, involve exposure of thin,
molded plaques esentati ‘ 3 ' [oF mical at a time, over a

limited range of et T v ical ss. Immediately after

exposure the sampl \ vell, hardness and tensile
properties, all at foom (=] ‘
; : .’ﬁf-: ]
.J‘J._. e ¥
The com dgeh mya" “resistance. t iefly described as follows:

in immersion tests 1 i icals,’ | ined tensile test samples

(dumbbells) are compl '3 ersed- i ‘ ; uid, which should be in a
temperature controlled bath. Samples are- hdrawn periodically and subjected to
"'1!;,}’.-"'.{".!"_.'» :.ﬂ' =

standard tensilﬁtress sfré'i“rf s‘f's? wéigﬁ Hicknidss d hardpness measurements at

= IIIIIIIIID:II:II'.:IIIIVAV}:III-ﬁ;-.l.-':“l“‘-;l‘Eh':Q‘:y procedure in

fr ' P
a |ist 0 over the span of potentially
@e in particular product

applications, results‘)f&minor compound @jnge to a new polymer, can be fairly

reliable] wi eﬁﬂﬂﬁﬂhﬁﬂ@ﬂﬁqn mical nature of
polymersg Th flaw is tha samples are u zero mechanical load during

immersion.‘ To correct this flaw, soné simple tests aresin use that combine§ mechanical
apiRelpd b ad IV 8 2
q

In an immersion test in which the polymer does not actually breakdown because

room tempera

detail and give

damaging chemi . Test data is relative, but with experi

of chemical reactions with the reagent, excessive volumetric swelling will be a limiting
criterion. There two stages in the process of chemical swelling by liquids. First, liquid

solvent is dissolved into or absorbed on the surface of the polymer solute. Second,
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solvent diffuses through the free volume of the polymer. The first step occurs because
solvent-solvent bonds, polymer-polymer bonds, and polymer-solvent chemical bonds for
certain combinations are sufficiently similar thermodynamically that little thermal energy

is needed to form solvent-polymer bonds

or convenience, imagine that the polymer is

measured by thermodyna ‘\-..:_'- d. This inieTa 7 i mleasured by a property of the
polymer called the cohesive energy d» sity lues have been measured

er CED is sufficiently similar
to the solvent CED o A e | ] atiblerand the polymer will rapidly
absorb the chemicals it Rate usic he [  ~ into the polymer then
depends on viscosity afd size/c ‘chémigal | olec ree volume of the polymer,
temperature, and similar o | '._. = \ _ ical diffuses into the
polymer, the polymer. ‘ g i 7 ‘ _y eak interactions between

u de mechanical stress, it will
fail at a lower load than it ‘ .!'“ poss. ally \ . If a swollen polymer is not
stressed, it may completely re COVe! _..’-:PJ . perties when the solvent is allowed
time to diffuse back to the s‘ .ﬂ..... ile. If it does recover completely, the
reversibility is .an indica it mical did .ot lead to chemical
reactions with ‘;t.:mm that there is a maximum

Y
. il iy ) .
degree of swelling; the S of exposure there will

I
be an asymptote aximum value JJ

AULININTNEINS
RIAINTUNRINEIAY




CHAPTER Il

LITERATURE REVIEWS

ASTM test Fuel 20 ‘ sthanol). Aggressive ethanol composed of
Synthetic ethan . ‘ S-ignized water,8.103 ‘chloride 0.004 g, sulfuric
acid 0.021 g, and glé id.0.061 g (SAE 41681). The study found that four of

terephthalate (PBT) were af"' all thi , to varying degrees. The ABS
specimens failed after less oneweek: nersion in all three fuels. The specimens
turned to a jelly-li ' - ‘ alwas not compatible with
any of the fue *‘if‘ engine fuel system
applications of Aceld be loce

PVC (flexible version) demonstrated S|gn|f|cant changes in mass and volume in all three

H uﬁﬁ?[lﬁmﬁ WELATTa v v
chang fuels bu re xtént in the ethanol

blends as shown in Figure 3.1. PUIirwas deemed mEnpatlble with both U and E20

RIRIT AR RN

to raise a concern. Because of this, these materials would be a poor choice for use with

sibly due to @ncompatibnity with fuel.

either E10 or E20. Finally, no fuel system components made of either PUR or PVC could

be located.
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S. Tungjitpornkull et al. in 2008 [27] studied the effects of E-chopped strand

glass fibers with different initial fiber lengths and contents when introduced into wood-

polyvinyl chloride (WPVC) composites having the wood content of 50 parts per hundred

resin (phr). The initial fiber lengths and ¢

o N

composites incre

The tensile and f

: ECS glass fibers

pEghanidal properties"e

s fiber contents were varied from 3, 6, and

the mechanical and morphological
}wposites were monitored. The
@ fiber length and contents

NPVC composites. It was

ith

S

N =S increased with increasing

N
oxifa strengths of the WPVC

onte s shown in Figures 3.3-3.4.
\ 2\VC ¢ posites at 1020 phr
:O) content on the fiber
30 phr glass fiber loadings

s shown in Figure 3.6.

3600

le modulus (MPa)
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=
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o Too 0
[ il 8§ ‘ ‘l ;
N 1dVieh et
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Figure 3.3 Effect of initial fiber length and content of glass fiber on tensile and flexural

moduli of WPVC composites [27]



36 42
| Initial fiber length (mm) ]
A 3 (ECS-S3)
32T D 6 (ECS-S6) — T30
- 0 12 (ECS-S12) -
S 284 fa &
S s
5 - =
5 5
g 24 . t24 8
% ‘ 3
2 i 1 ¢
K7 =
c b
S 204 T2
16 - > W 412
12 -6
Figure 3.4 Effect ofinitialfiberle “and cc f glass fiber on tensile and flexural

strengths of WPVC composite

—_— 1 ']
o . i
@ L ) — 3.6 (E Cs-86) S5-512) ¢ |
Q o
:5:- 80 == 90

E | €

@ =%

=

=
-
22
ce

\
A Taht:
PRAITEBIENYINY

~
o
L
T
3

60 = .
3996 3418 2839 2260 1682

Wave number (cm")

Figure 3.5 FTIR spectra of ECS-S3, ECS-S6 and ECS-S12 glass fibers [27]
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Table 3.1 Carbonyl content on fiber surface from FTIR spectra [27]

Initial fiber Wo0ave number Selected functional

Trade code  length (mm) (em™) groups C=0 content
ECS-S3 3 C=0 0.30
ECS-S6 6 C=0 0.30
ECS-S12 12 C=0 0.24

e il
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500 4 e
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Figure 3.6 Influeof glass fiber content on final length of glm fiber after extrusion

process [27]

UL ANUNINYADT e

glass flby (GF) with different f|t?r forms, Ioadm&and orientation aws on the

RIRSTLIIR AN IR

twin-screw extrusion process and the mechanical properties of the composites from
these two processes were then compared as shown in Figures 3.7-3.8. The

experimental results showed that the GF/WPVC composites produced from compression
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molding process had better mechanical properties as a result of lower shearing stress
during manufacture, which resulted in less thermal degradation of PVC and lower
breakage of glass fiber as shown in Figure 3.9. The tensile properties of GF/WPVC

composites (made by compression malding) were more affected by the fiber orientation

the reasons being asso Ellﬁwi-- continui @to bearing the applied load

and minimum fiber-en Clgk _ g technique, the glass fiber

reinforced WPVC caoi .~  ave the ra ; Al pre perties of 30-50% higher

N
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Tensile modulus (GPa)
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]

*

i

.4

<

e =

0

AU ANTSNYNS

Figure S.qIEffect of glass fiber content on tensile and flexural moduli of GF/ WPVC
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Figure 3.8 Tensile a | al'stre jih . ( , rced WPVC composites by

compression and twi

Figure 3.9 Final length of E-chopped strand (ECS-S12) fibers after compression and

twin-screw extrusion processes [28]
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e \A
A. Ranney and Parker 1h-1997= Previous research has shown that the
,-_ﬂ"#" T '
most commonly used well ca Rg-mate rials st s steel, polyvinyl chloride (PVC), and

polytetra fluoreethylee P u__;;-c_; _7 o_' st ~all monitorng environment and
application. :

determine the %ﬁ’

ents tat \were conducted to
‘ aterials acrylonitrile
butadiene styren BS), fluo oylene '(R or use in ground water
monitoring wells. In these studies, these four materials were compared with two other
commo udies examines
reﬁm MR 1820 1 (11014

conS|der rption and leaching of or@enlc and metal c&tamlnants

WD T NN

days. This was done to simulate the most aggressive environments to which monitoring
well casings may be exposed. The casings were observed for changes in weight and

signs of physical degradation (swelling, softening, deterioration, or dissolution)
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The two-fluorinated polymers (FEP and PTFE) were not degraded by any of the
test chemicals. Among the nonfluorinated products tested, FRE was the most inert.
Three organic chemicals caused the glass fibers to separate and two organic solvents

caused weight gains exceeding 10 pearcent. ABS was the most readily degraded

condition.

AULININTNEINS
AR TUNN NN Y



CHAPTER IV

EXPERIMENTAL

4.1 Raw Materials

VIC 258RB is supplied by
-value of 58. This PVC
is a low K-value resi good thermal stability and

can be easily processet
41.2 Filler

and diameter 3 mm., glass
fiber diameter 11 pm. nd spec 0. 272434 Fiber a dtres ed with silane under the

trade name of ECS-4014 A D C _r Of Stra sed by Jushi Group Co., Ltd.
4.2 Preparation of the PVC £ omposites

4.2.1 Piep A

P 'I dry blend, de O ook Was -:;- from the formula

given in Table 4.1 éuspensmn PVC resin S|amV|c 258RB, K value 58) and other

add't'vﬁeﬁﬁﬂ‘v'l ETWW 17
’QW]NT’]‘TCMNW]’JVIB’IQB
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Table 4.1 Formula for PVC Dry Blend

stock

Ingredient
Concentration (phr*)

PVC (Siamvic 258 RB) 100
Stabilizer (SAK-WP-08-NP) 4
Processing aid (Kane Ace / 6

External lubricant (Loxi OlP 2

Internal lubricant (Calei - m\ 0.5
i L} L

(*phr = part per

PVC (35 kg) was blended with the 4 tive a hot and cold mixer as followed.
Hot Mixing Steps |

Adding PV:

Mixing af low
- Mixing at hi =:j}.-:
- Adding L6 ﬂr{ﬂ mixing’ aches up to 120 °C.

Discharging -,r- e'* ; @ '

-
AX J

0 lll'-i: .
- Di “' arging to a container. ~

h obtalned¢‘a rly blend was flftfier mixed with glass fiber composite as

e ) Hﬂﬁﬂﬂﬂﬂﬁ
ammﬂmum'mmaﬂ
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Preparation of PVC sheet for reference properties measurement

The PVC ., (300g) was mixed in two-roll mill with 0.3 mm gap at 175 °C
for 5 min. The resulted PVC _ , compound is rather white as shown in Figure 4.1. The

compound was compression-molded i t-press machine at the temperature of 170 °

eet form. As shown in Figure 4.2,

AUBANURTNEINT
ARIAINTUNMINYINY
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4.2.2 Preparation of PVC __, /Glass fiber composites

The appropriate amounts of PVC stock and glass fiber were blended

together (i.,e. PVC_,: GF: 300g: 0 g, 255 g: 45 g and 225 g: 75 g) to get the contents

of GF in composites at 0, 15 and 25 ‘
mixed in two-roll mill with 0.5-mm gap

shown in Figure 4.3. The cempou
170 °C and the pre?
molded sheet is 20 , )

-
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compounding ste}]), ep were cﬂ'ied out at Vinythai plant

in Rayong province, Thailand

43Meﬂuﬁ}’% NEFHHANT

1 Physical Properties Evaluations

9 R ASAIANRITNUIN L.

the Polymer Engineering Laboratory, Chulalongkorn University, Bangkok.
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Change in Weight, Dimension, and Appearance

This test covers the evaluation of plastic materials for resistance to chemical

reagents, simulating performance in potential end use environments. Chemical reagents

Five test ' ; i 7 S red ‘o or to contact with the test
fuels. To simulate —‘ S'a Depending upon the type
of contact anticipatgd fop'the' tes e T ke “samples are then sealed in a
container, and either | ‘ d upon period of time, the
specimens are re Ch as change in weight,

appearance.

Specimen size:

50.8 mm diameter . plastics. The thickness shall be

measured _7-,}' cal s
P

g

Reports oﬁen‘pclude visual evidence of decomposmon swelling, clouding,

”amfi‘lfﬁf’ﬁ MYTIWYINT

Data:

Figure 4.5 Specimen (disk) for Change in Weight, Dimension, and Appearance



40

Water Absorption

Water absorption is used to determine the amount of water absorbed under

specified conditions. Factors affecting water absorption include: type of plastic,

While all pol “absor @ee some are sufficiently

hydrophilic that th o significantly affect their
performance. Water.w , ] ler. to S\ and serves as a plasticizer,

| and mechanical behavior

consequently loweri » \

[23].

Test procedure:

Five test speci 5 specified time and temperature

and then placed in [ 0/ ¢  _ , iately )on cooling, the specimens are
weighed. The material | en submerged. i at room temperature for 56 day or
until equilibrium. Specimens are m;-e- ed; pe dry with a lint free cloth, and weighed.

Specimen SIZQi el

50.8 mm .n’; e " ";" ickness shall be

|
measured to the nearest 0.025 mm as shown in Figure 4.6.

= U INYNINYINT

er absorption is expressed as increase in weight percent.

ARTAITS TNy TeY
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The density of a solid is determined with the aid of a liquid whose density P, is
know (water or ethanol are usually used as auxiliary liquids). The solid is weighed in air

(A) and then in the auxiliary liquid (B). The density p can be calculated from the

weighing as follows

4 ahiid | \ L
Figure 4.6 Specir sK)fc Absorption evaluation

e

A
4.3.2 Mechanical Prope ”é"' /

n

ne

_Ihe evaluation of tensile, flexural, compressive. properties and |zod

impact strengt i-\~ atory, Chulalongkorn

m@mmmmwmm

The tensile test is performeﬁ*to characterizesStress-strain behaviok.of material.
R 10413 -0 AA 3 il b
valuate the stress-strain behavior of polymeric materials [23]. The ASTM D638 test also
uses one rate of deformation per material to measure the modulus; a slow speed for
brittle materials and fast speed for ductile ones. The relationship between the applied

force, or load, and the elongation the specimen exhibits is linear. In this linear region,
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the line obeys the relationship defined as "Hooke's Law" where the ratio of stress to

strain is a constant, or

O

E is the slope of s (O) is proportional to strain

(E) and is called the "N ulus--of IModulus" [23]. By its basic

definition the uniaxial

Tensile Modulus i atio fens ess 10 w\: strain of a material in the

elastic region of a e modulus value is the slope of

the elastic region of vn as Young's Modulus, or

the Modulus of Elastici value is the slope of a line

connecting the point of zero ne stress-strain curve at a specified

strain. This is used for matefiats that exhibit | 2ar behavior in Figure 4.7.

il
v
¥ -

i

4

Figure 4.7 lllustrations of Tangent and Secant Tensile Modulus [30]
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The general factors, affecting the toughness of a material are: temperature,
strain rate, relationship between the strength and ductility of the material and presence
of stress concentration (notch) on the specimen surface. Fracture toughness is

indicated by the area below the curve on strain-stress diagram (see the figure 4.8):

yww.substech.com

Figure 4.8 Tough .»_ﬁ -.- \d Brittle of Materials [31]
- §id iy el
ﬁ’ Y
= ﬁ J \ -..e_

;..‘- | 4

Test procedure:= -

) ST

Five test specimens shall be prepared by machining operation or die cutting the

materials_in shee ens, can _be prepared by_compression molding the
materiaﬁbﬁs T thg d aﬁ m 1\1 0 uﬁtesting may be

conductegat the same speed as the other tensile properties provided that recorder

TRTAITIERING1a Y

ecimen size:

The dog-bone shape specimens are prepared for tensile testing following ASTM

D638 (or ISO 527). The appearance and the dimension of sample are shown in Figure
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4.9 and 4.10, respectively. At five measurements are taken using Instron universal
testing machine in Figure 4.11. An average value and a standard deviation are

statistically calculated.

Figure 4.9 Dog#b0 o/SHiape Specir fo gth evaluation

- : e |
W: Widtk of ailerpor _‘,’\: mm.

L: Lengt ﬁ . Omd.S mm.

20%5 mm.

A
WO: Width“é{ ends

Figure 4.10 Dimension of Dog-bone shape Specimen (ASTM D638 or ISO 527)
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Flexural Strength

The flexure test a oorpiﬂ__fo ASTM. rves determining strength and form

change properties under bendlng-tgadlng |nt flexure test is the most common
</ A
for polymers sh&wn in Flgure 11'2 Résults are plotted.in a.stress-strain diagram.
. : —

ermost fiber. This is

Flexural strenE{t
calculated at the_surface of the specimen on X Or tension side. Flexural
modulus is calcul@gd from the slope of the stress vs. deflectidl\ curve. If the curve has

no linear region, a seg‘aﬂne is fitted to the curve to determine slope [32].

AU 103
JeGH

Figure 4.12 Universal Testing Machines (Instron Model T609-109) for Flexural Test [33]
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Three-Point Bend Test

In the three-point bend test, maximum flexural stress at break o is calculated

from fracture load F: [34]

i applied to the center by the
loading nose produo' € POI ‘ benc ‘ ata -\ e. A support span-to-dept
flected until rupture occurs in the
outer surface of thes ‘ i or. : ‘V ‘ strain of 5.0% is reached,

whichever occurs first. FE-EMPIoYS & | rate of 0.01 mm/mm/min.

Specimen size:

A variet e -bdt the most commonly
vﬂ.‘,- gure 4.14).

used specimen siz
' e
T

A |

ARG

can be c“ulated

’QW]NT]‘?WNW]’JWB’IQB
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Figure 4.1 T \ , specimen depth;

eS 0 specimen depth.

Figure 4.14 Bar shape.specimen o ./ glass fiber composite

X
Compressive Properties .m

A compressioh mdetermines behava materials under crushing loads. The
specimﬂs %ﬁﬂn%fﬁ%@riﬂoﬂ Qﬂe .ICompressive
stress anq]stré‘in are calculated and plotted as a stress-strain diagram [23]. A large

number of relatively complex loading direction and s;ﬂmen confi urationgd'ere
ol fek K EaR SN EIL] fotak i 1 fa¥AY
ompressive strength of the maferial would correspond to the stress at the red poi.nt

shown on the curve in Figure 4.15.
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Stress
[Mpa]

Figure 4. f the material [34]

Even in a com where the material follows
W,

Hooke's Law. H

L

s i o R AA . ; i
where this time E refefs:to theYoung for compression. There is a

difference be ;; 2

3y its basic definition the

uniaxial stress Is give

II
vy

o=

F’Wﬁ%ﬂﬂﬂ’%w g1

Test Proc

L RINSHUBIINYING -

peC|men is then compressed at a uniform rate. The maximum load is recorded along

with stress-strain data. An extensometer attached to the front of the fixture is used to

determine modulus.
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Specimen size:

Specimens are blocks shape for ASTM D695, the typical blocks are 12.7 x 25.4
x 12.7 mm’ (WxLxD). For ISO, the preferred specimens are 50 x 10 x 4 mm’ (WxLxD)

for modulus, 10 x 10 x 4 mm’ (WxLx] strength as shown in Figure 4.16.

Figure 4. es evaluation

Data:

Compressive strength andmod Hrs'are two calculations.
7 -" -;J;.

Compressive strength = maxiftm con d / minimum cross-sectional area)

Compressive modulus = (c ge’. }! .ig[_,. train)

G = X

Izod Impact Stren!I' ' @

Notched Izod' I‘Eact is a single pw test that measures the resistance of

ARSI AAIN 1R 2ATSRLLY

defined qt inetic energy needed to initiate fracture and continue the fracture until

the siemmen is broken. lzod s egmens are notchied: to jrevent deforMon of the

SE R aE I kY T

determlne if a material meets specific impact properties or to compare materials for
general toughness [23].
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fele)

Point of

Izod
Test
Anparatus

Figure 4.17 A pend 7 ed, cantilevered plastic

sample [35]

Test procedure:

The spe ' ,"‘ Jlum a test fixture with the notched

side facing the strikil ndulum sendujum is released and allowed to
strike through the spe ‘ occur, a heavier hammer is used until
failure occurs. ASTM im nergl is expi 0 in ) or ft-Ib/in. Impact strength is

calculated by dividing i the thickness of the specimen. The

test result is typically the ave Specimens shall be prepared from
sheets speci _-ﬂ ' A |

Specimen size:

The bar shape specimens are prepared for Izod |mpact strength testing

followin d specimen for
ASTM i a 5 W epth under the
notch oft specimen is 10.16 mm. ghe impact tester Yasuda ) is shown m@ure 4.20.

ARIANNITN um'mmaal
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Figure 4.18 Dimension of impac est spe imen ASTM D256 [23]

f//c- :\\

A s %{, \\i ength evaluatio
f‘r " -

Figure 4.19 B

| )

T TEEE

) i
SUERN ) 1 SR

ARIAN ﬁﬁﬂﬂ*ﬂ%gf’}%ﬂﬁ A
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4.3.3 Scanning Electron Microscope (SEM)

The morphology of the composites were examined by Scanning Electron

Microscope (SEM). SEM is a type of electron microscope that images the sample

surface by scanning it with a hih-’ ‘: of electrons in a raster scan pattern.
The electrons interact with th > at t ' e sample producing signals that
contain information about the sar phy, composition and other

properties such as elec | condi nples were broken in liquid

All samples must also” Oro] ize to fit in the specimen chamber
and are mounted rigidly on.a specimen hold a specimen stub. Several models

of SEM can examin ctor,wafer, and some can

-
tilt an object o ‘F'.# : ,\'

y J
1) SR
RIAY *

Figure 4.21 Scanning electron microscope (SEM).
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4.4 Preparation of Testing Fuels

The procedures for testing the effect of gasohol on physical and

mechanical properties of the PVC / glass fiber composites were adapted from

stock

standards of Society of Automotive gi (SAE) and American Society for Testing
and Materials (ASTM). After,t ' a“ the weights and dimensions are

baselin , 0 ed sheets were then cut into

dumbbell shape, bp qemmens. The specimens

were immersed in ' ely C(EO0),, C(E20),, C(E85),, and
o G 16 ») ja

C(E100),, prepare room temperature for

0,4,10 and 16 weeks e measured before and

specimen. Five appearance"gp'é’éft‘a ‘nsfo ‘."J.-‘,‘-‘-:;j-- 2rial were immersed in each test
fuel. The se d specimen shape prepared and immi =_=..1 “, a Type 1 tensile
dumbbell as specii 1 D6 : ﬁ\‘, samples were used
for tensile strengt nd elona 0 easurem . They will bﬁeferred to as the tensile

specimens. Five teniﬂe specimens of each materlal were prepared and immersed in

o B UL TS

were plaoed in each of the test fuelsi The fourth speo&ns used were bIoneolmens

YRR TIHA R TS E SR

qach of the test fuels.

Once the physical data was recorded, the specimens were immersed in

glass jars containing the appropriate test fuels: C(EO)A, C(EZO)A, C(E85)A and C(E1OO)A

prepared according to SAE J1681, at room temperature for 0,4,10 and 16 weeks. The
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test fluid was changed twice a month. After the immersion time each specimen was
dimensionally measured and weighed. The immersed tensile specimens were tested in
accordance to standards to measure tensile strength and young’s modulus. Then block

specimens were tested to measure comp

essive properties. Finally, impact testing was

Terminology

EO - Fuel consistin

ASTM Test Fuel C fflest Fuel € is compose , ': and 50 vol% iso-octane

de-i \- ater 8.103sodium chloride
J 0. g (SAE J1681)

C (EO0) - Fuel consisting of 190-val% ASTM.t and 0 vol% aggressive ethanol

C (E20)A— Fuel consisting of 80 vol% ASTM test Fuel C and 20 :’_,. aggressive ethanol
N T Y |
C (E85) - Fuel'eonsisti 35 vol% aggressive ethanol

A

- . .
C (E1OO)A- Fuel 5' isting of 0 vol% ASTM test Fuel C and !‘:‘J 0l% aggressive ethanol

AULININTNEINS
AMIAN TN INAE



CHAPTER V

RESULTS AND DISCUSSION

The effects of glass fik f onte concentration in gasohols on the
physical, mechanical, | |Ca| properties of PVC/GF
composites were stue nd other additives) were

mixed with choppe d 25 wt% using two-roll

mill, then compr: bar shape, block shape
and disk shape s hefs) lersed into 4 different test fuels,
namely C(EO),, C(E20)}, C(ESS), ar 7..7, cording to SAE J1681,

glass jars at ro ‘ he ter gth, Young's modulus,
flexural strength an oSS fond re e b niversal testing machine

and their impact prope a jdition, the microstructure of

' i
PVC/GF composites was observed by scal ,Iectr icroscope (SEM).

AT,

5.1 Physical properties evaluatio ..l"".f'i-..f

__r""-_

5.1.1 Mass chang:

Fig. 5.1-5:61sM0 PVC/GF-(0-25 Wt%) composites
|

immersed in C(EO); and C(E20), test fuels increased with immersion time with plateau

level of around 12- Z(ﬂ)m be stable in 4-16fweek (B.Jones et al.)[26]. But the mass of

LKA AL Al e

time. Th could be because the mass increase was due to the solubility parameter of

th ear. th of C.an lo cause
i“joasﬂ RS a8
as higher solubility in hydrocarbons than alcohols (A. Ranney et al.) [29]. And C(EO0),

and C(E20), test fuels have more iso-octane and toluene than C(E85), and C(E100), test

fuels. Similar results were obtained for other composites.



Mass Change (%)

Figure 5.1 Effect o> perg
of PVC/GF (0 wt%) compos

115

ot | M —e—C(E0)A - C(E85)A

~f- C(E20)A - A+ C(E100)A

W é.a

20

< C(E85)A
“A:- C(E100)A

Time (week) |

Figure 5.2 Effect of percent of ethanol in test fuel and immersion time on mass of

PVC/GF (0 wt%) composites
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Figure 5.4 Effect of percent of ethanol in test fuel and immersion time on mass of

PVC/GF (15 wt%) composites
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Figure 5.5 Effect offpercg ‘
of PVC/GF (25 wt%) COMPQ
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RRENTUHBVINE A

Figure 5.6 Effect of percent of ethanol in test fuel and immersion time on mass of
PVC/GF (25 wt%) composites
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Fig. 5.7-5.14 showed that the mass of composites with higher content of GF
increased less than the mass of composites with lower content of GF. This was clearly

due to less mass of PVC matrix in composites with higher GF content.

Mass change (%)

20

Figure 5.7,Effect of percent of GF in composites and , sfontime on mass
[~ Y
change of V_ y

-ll ' i P
i |

L

AULININTNEINS
AR TUNN NN Y
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Figure 5.9 Effect of percent of GF in composites and immersion time on mass

change of PVC/GF composites immersed in C(E20)A test fuel
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Figure 5.10 Effect of nersion time on mass of

PVC/GF composites imme
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Figure 5.11 Effect of percent of GF in composites and immersion time on mass

change of PVC/GF composites immersed in C(E85) test fuel

A
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Figure 5.13 Effect of percent of GF in composites and immersion time on mass

change of PVC/GF composites immersed in C(E1 OO)A test fuel
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10.5 f ——0% W~ 15% -0— 25%

20

Figure 5.14 Effect of pafcent of GF.in comp

3
PVC/GF composites immersed inw. te

Fig. 5. "‘?,:— ‘:"40' wt%) composites
immersed in C(Ean G i%rsion time with plateau
level of around 15-35% and be constant in 4-16 week nes et al.)[26]. But the
volume of peolmens"rﬂrsed in C(E85), a d E test fuels hardly changed with
immersﬁ ru @glom t%jaﬂ ow ﬂ’] ﬂ ﬁto the solubility
paramet(ﬂof the toluene is near tr?t of PVC and PVC has low polar as C(EO), and

9 Wl SRV 1ML

9] And C(EO), and C(E20), test fuels have more iso-octane and toluene than C(E85),

and C(E100), test fuels. Similar results were obtained for other composites.
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Volume change (%)

Figure 5.15 Effect of pergent
change of PVC/GF (0 wt%)

AN TRIYRLD

Figure 5.16 Effect of percent of ethanol in test fuel and immersion time on volume of

PVC/GF (0 wt%) composites
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C(E85)A
- - C(E100)A
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20

z 11\ n time on volume
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Figure 5.17 Effect of pe centlof mersion time on volume
change of PVC/GF (15 wt’
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Figure 5.18 Effect of percent of ethanol in test fuel and immersion time on volume of

PVC/GF (15 wt%) composites
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Figure 5.20 Effect of percent of ethanol in test fuel and immersion time on volume of

PVC/GF (25 wt%) composites
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Fig. 5.21-5.28 showed that the volume of composites with higher content of GF
increased less than the volume of composites with lower content of GF. This was clearly

due to less volume of PVC matrix in composites with higher GF content.
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Figure 5.23 Effect of percent of GF in composites and immersion time on volume

change of PVC/GF composites immersed in C(E20)A test fuel
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Figure 5.25 Effect of percent of GF in composites and immersion time on volume

change of PVC/GF composites immersed in C(E85)A test fuel
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Figure 5.27 Effect of percent of GF in composites and immersion time on volume
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change of PVC/GF composites immersed in C(E1 OO)A test fuel
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5.2.1 Tensile

Fig. 5804 ‘ of PVCIGF (0-25 wi%)
composites after i ersed in € . uels for 16 weeks were reduced

by almost 80-90% fro the original value and be stable in 10 until 16 week. However,
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These we clearly due to results ghysmal propernealThe solubility parwter of the
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and toluene into PVC matrix from C(E0), and C(E20), than from C(E85), and C(E100),
test fuels as discussed earlier (Fred W. Billmeyer et al.) [24]. Iso-octane and toluene

clearly swelled and plasticized the PVC matrix causing its tensile strength to reduce.
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Figure 5.31 Effect of percent ethanol in test fuel and immersion time on tensile strength

of PVC/GF (0 wt%) composites
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Figure 5.33 Effect of percent ethanol in test fuel and immersion time on tensile strength

of PVC/GF (15 wt%) composites
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Figure 5.35 Effect of percent ethanol in test fuel and immersion time on tensile strength

of PVC/GF (25 wt%) composites



76

Fig. 5.36-5.39 showed that, after immersion in C(EO), and C(E20), for 16 weeks,
the tensile strength of PVC/GF composites were reduced by about 80-90% from original
value. The composites with lower GF content had its tensile strength reduced less than

composites with higher GF content. Fig. 5.39-5.42 showed that, after immersion in
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Figure 5.36 Effect o percento B OMpPOosi and immersil 'jj time on tensile

strength change of P¥C/GF composites mme@d in C(EO) test fuel
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Figure 5.38 Effect of percent of GF in composites and immersion time on tensile

strength change of PVC/GF composites immersed in C(E20) test fuel
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Figure 5.40 Effect of percent of GF in composites and immersion time on tensile

strength change of PVC/GF composites immersed in C(E85)A test fuel
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oluene clearly swelled and plasticized the PVC matrix causing its Young’s modulus to

85), and C(E100), test

reduce.
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Figure 5.45 Effect of percent ethanol in test fuel and immersion time on Young'’s

modulus of PVC/GF (0 wt%) composites
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Figure 5.49 Effect of percent ethanol in test fuel and immersion time on Young'’s

modulus of PVC/GF (25 wt%) composites
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Fig. 5.50-5.53 showed that, after immersion in C(EO), and C(E20), for 16 weeks,
the Young’'s modulus of PVC/GF composites were reduced by about 75-85% from

original value. The composites with lower GF content had its Young’s modulus reduced

less than composites with higher GF, content. Fig. 5.54-5.57 showed that, after
immersion in C(E85), eks, the Young’'s modulus of PVC/GF

composites were reduced by ut 5-10% original value. The composites with

higher GF content had its Young’s mod @ composites with lower GF
content (B.Jones eM', | ﬁ

Young's modulus change (%)
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Figure 5.52 Effect of percent of GF in composites and immersion time on Young's

modulus change of PVC/GF composites immersed in C(E20)A test fuel
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Figure 5.54 Effect of percent of GF in composites and immersion time on Young's

modulus change of PVC/GF composites immersed in C(E85)A test fuel
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Figure 5.56 Effect of percent of GF in composites and immersion time on Young's

modulus change of PVC/GF composites immersed in C(E1OO)A test fuel
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strength to reduce
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Figure 5.59 Effect of percent ethanol in test fuel and immersion time on flexural strength

of PVC/GF (0 wt%) composites
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Figure 5.63 Effect of percent ethanol in test fuel and immersion time on flexural strength

of PVC/GF (25 wt%) composites
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Fig. 5.64-5.67 showed that, after immersion in C(EO), and C(E20), for 16 weeks,
the flexural strength of PVC/GF composites were reduced by about 90% from original
value. The composites with higher GF content had its flexural strength reduced less than

composites with lower GF content. Fig. 5.68-5.71 showed that, after immersion in
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Figure 5.70 Effect of percent of GF in composites and immersion time on flexural
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|gher amount of absorption of iso-octane and toluene into PVC matrix from C(EO), and
C(E20), than from C(E85), and C(E100), test fuels as discussed earlier (Fred W.
Billmeyer et al.) [24]. Iso-octane and toluene clearly swelled and plasticized the PVC

matrix causing its tensile strength to reduce.
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Figure 5.75 Effect of percent ethanol in test fuel and immersion time on compressive

strength of PVC/GF (15 wt%) composites
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Fig. 5.78-5.81 showed that, after immersion in C(EO), and C(E20), for 16 weeks,
the compressive strength of PVC/GF composites were reduced by about 45-55% from
original value. Fig. 5.82-5.85 showed that, after immersion in C(E85), and C(E100), for

16 weeks, the compressive strength o

RVC/GF composites were reduced by about 2-
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mssler et al.) [38] cause higher amount of absorption of iso-octane and toluene into PVC
matrix from C(EO), and C(E20), than from C(E85), and C(E100), test fuels as discussed

earlier (Fred W. Billmeyer et al.) [24]. Iso-octane and toluene clearly swelled and

plasticized the PVC matrix causing its impact strength to increased in C(EO), and
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C(E20), because of high impact absorption of PVC/GF composites, this value can be

used as an indicator to its ductility due to the reduction of mechanical properties of PVC

matrix itself.
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ct strength IgJ/_mZ)

f

S

-

AN TAUIURIANG TR

Figure 5.93 Effect of percent of GF in composites and immersion time on impact

strength of PVC/GF composites immersed in C(EO)A test fuel
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1600

—e—0% ~W-15% -—25%

Impact strength change (%)

20

Figure 5.94 Effect of perg time on impact

strength change of P test fuel

300

g

trength (kJ/m2)

R iEing

EERT

Figure 5.95 Effect of percent of GF in composites and immersion time on impact

AadnTaINEY

Time (week)

strength of PVC/GF composites immersed in C(E2O)A test fuel
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Impact strength change (%)

20

Figure 5.96 Effect ofiperc sion time on impact

strength change of PVC/GF test fuel

f

Figure 5.97 Effect of percent of GF in composites and immersion time on impact

strength of PVC/GF composites immersed in C(E85)A test fuel
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Figure 5.98 Effect of percen 7 dim rS| time on impact
strength change of PVC/GE : ; '_ \ 1A L test fuel

5% ~— 25%

X

Time (week)

Figure 5.99 Effect of percent of GF in composites and immersion time on impact

strength of PVC/GF composites immersed in C(E1OO)A test fuel
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5.3 Scanning Electron Microscope (SEM)
Fig 5.100 showed that the morphology of PVC. Fig. 5.100 (a)-(b) PVC matrix is
good dispersion. Fig 5.52-5.53 showed that the morphology of PVC/GF composites at

15-25%. Fig. 5.101-5.102 (a) reveals rel tlvely good dispersion of the glass fiber in the

W

composites were moremdreasq glaMtent noticed in our results (S.

composites. The interfacial adhes PVC matrix and glass fiber was rather

good shown in Fig. 5.101-5. chanical properties of PVC/GF

Tungjitpornkull et al.
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: 8= &N
Figure 5.100 SEM microgra =) B ites at 0 wt%: (a) 200 x magnification
(b) 2,000 x magnificationd 1 ‘
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Figure 5.102 SE

magnification (b) 2,0€
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CHAPTER VI

CONCLUSIONS

relatively good dispersion of

the glass fiber in the compos ifte al adhesion between the PVC matrix and

PVC to have higher golub ity i carbor S than in alcohols. Hence, more absorption

of iso-octane and toluen alco intoPVC matrix occurred.

3. Test fuels with _ ) , C(ED), and CE(20),, caused the

tensile strength, Young's gth 'and compressive strength of
PVC/GF composites to decrease I e s with high ethanol content, namely,

C(E85), and

100 ot of PVC matrix itself

from ‘y,éj-—-“v-—v-_v-ﬁ?,,,

WI 0)

impact strength of PVC/GF composites to increase more than

d CE(20),, caused the

;

fuels with high ethanol

4. Test fu

content, n mely CEI‘ ﬁnd CE(100),, due ‘o'the increase of impact strength of PVC

NENI NI

5 VC/GF composites Were not compatible with fuels with low ethanol content

qma&mmwwﬁw TTNG ™

matrix i
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Appendices

Data of PVC and PVC /GF Composites in testing fuels

Appendix 1 Mass change of P

i

/GF composites at 0% in test fuel

122

At 0%, '/
C(E0), ﬁ !
Sample 0 week we éek 13 week | 16 week
1 8.23 9.81 9.90
2 9.02 73 10.67 10.82
3 8! 3,‘95 ’ 6 9.60 9.68
4 9. 6 : = 10.64 10.80
5 8.43 | " 10.05 10.14
AVG 8.5 .97 10.15 10.27
SD 0.45 | 0. 0.48 0.52
%SD 5.30 56 4.75 5.07
At 0%,
C(E20), S :
Sample 0 WE( 2 week wee 10 Wem 13 week | 16 week
2959 | 10.02 10.03 10.03 10.03
| ' 10.18
9.82 120 10.04 10.31 10.31
L ﬂﬂ ﬂfﬂ’ﬂi’fﬁl %
fo.68 H Mo |1 56
AVG 8.54 9.83 | 10.25 10.26 10.27 10.28
SD 0.16 0.18 0.19 0.20 0.19 0.19
%SD 1.82 1.88 1.82 1.98 1.87 1.88
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ALO%. Mass change (g)
C(E85),

Sample 13 week | 16 week

1 8.40 8.41

2 8.68 8.68

3 8.91 8.91

4 8.90 8.90

5 9.04 9.04

AVG 8.79 8.79

SD 0.25 0.25

%SD 2.87 2.84

At 0%,
C(E100),

Sample Oweek | 13week | 16 week

1 0 21/ 8.40 8.40

2 e 9.32

3 8.00 8.00

8.59

8.97

8.66

51

=5.88




Appendix 2 Mass change of PVC/GF composites at 15% in test fuel

124

At 15%,
Mass change (g)
C(E0),
Sample 0 week 10 week | 13 week | 16 week
1 8.99 10.35 10.35
2 9.31 10.55 10.60
3 9.10 10.38 10.40
4 10.73 10.76
5 10.72 10.76
AVG 10.54 10.57
SD 0.18 0.19
%SD 1.84
At 15%,
C(E20), ~r i1
Sample ' xwﬂﬂﬁfﬂﬂ:{ 13 week | 16 week
1 11.12
2 10.81
3 11.73
4 F q 1 11.08
5 % M 11.64
AVG 9.60 10.63 14.02 1116 [=11.16 11.22 @ p11.27
W M 0.35 m.% 10.3¢ 0.:9& 39
q %SD ) 3.46 -3.?;1 3.20 3.43 73.46— 3.4QT 3.50
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At 15%,
Mass change (g)
C(E85),
Sample Oweek | 2week | 4week | 7week | 10week | 13 week | 16 week
1 942 | 942 | o 943 | 943 9.44 9.44
2 960 | 960 | 9e | 9.59 9.59 9.60
3 9.61 ' 03 3 9.63 9.63
4 9.83 9.84 9.82 9.82
5 9.26 . 8 9.28 9.28
AVG 9. 156 4| » 9.55 9.55
SD 0.2 21 | 021 0.21
%SD 2. 28 . .. 2. 2,15 2.15 2.15
ﬁﬁj
At 15%, e ‘1:1 ~
C(E100), | ..M £ -
Sample | 0 week ‘we @"e:ié? 8 10 week | 13 week | 16 week
1 9.77 74 78 9.78 9.78
2 +19.85 9.85
3 B¢ 19.30 9.30
9.E 9.16
9.10
9.44
0.35
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Appendix 3 Mass change of PVC/GF composites at 25% in test fuel

At 25%,
Mass change (g)
C(E0),
Sample 0 week 10 week | 13 week | 16 week
1 10.15 11.61 11.60
2 10.01 | 11.41 11.42
3 10.85 10.87
4 10.58 12.14 1217
5 11.02 11.03
AVG 11.41 11.42
SD ll \\\ 0.51 0.51
%SD [ ‘m @\\\ 20 | 446 | 449
2\
At 25%, J a.:_,
C(E20), . =
Sample xwf;ﬂﬁrﬂﬁ:i 13 week | 16 week
1 11.31
2 11.26
3 11.28
4 11.54
5 Fﬂ 11.22
AVG 9.66 10.65 10.87 10.90 |=d1.24 11.24 @ ) 11.32
W_ 0 1 11 | Jo 0.12 E 312
q %SD 0.98 1.02 1.41 1.03 1.07 1.06 1.10
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At 25%,
Mass change (g)
C(E85),
Sample Oweek | 2week | 4week | 7week | 10week | 13 week | 16 week
1 9.34 9.34 9.35 9.35 9.35
2 10.27 10.26 10.26 10.26
3 9.95 9.94 9.94
4 966 | 9.66 9.66
5 9.69 : /7l i AN 9.70 9.71
_ Fri O .
AVG 98 ;ﬂ//@ ‘r:‘:ﬁ%\ | e 9.78
SD 073 ﬂ{@ _1_:\\ \‘\\ 0.34 0.34
w0 | ol Jf | o SRR 2 | on
/¥ 9\
At 25%, ~1 2 \ \
C(E100),
Sample 13 week | 16 week
1 9.96 9.96
2 9.89 9.89
3 10.20 10.20
4 10.20 10.21
9.38
9.93
0.34




Appendix 4 Tensile strength of PVC/GF composites at 0 week

At 0 week

Tensile strength (MPa)

Sample

Appendix 5 Téns' ‘

OO OF

128

ét 4 week in test fuel

At 4 week

ngth (MPa)

Sample
s 25%
1 23.30 Iy 33.01 12.53
24.20 34.77 14.13

SD 1.56

1.60 1.59 0.46

2.37

%SD 5.32

5.37 9.05 1.94

7.49
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At 4 week Tensile strength (MPa)
C(ES5), C(E100),
Sample
0% 15% % 0% 15% 25%
1 53.83 | ; " 156.20 8239 | 99.82
2 5223 g 11 : 80.10 | 107.74
3 y 3 17 110; 6.9 8526 | 106.93
4 e 11.99 | 56.43. | 8359 | 9534
5 53164 ) | | 9276 |55 88.37 | 109.01
AVG 534 32 4| %0554 [\5608 | 8394 | 10377
SD 0 0.38—1890, 9 b 311 5.91
%SD Y K W g 44 , 3.70 570
el
Appendix 6 Te le engt% omp at 10 week in test fuel
rF i A4 ,
At 10 week - e ength (MPa)
LN C(E20),
Sample -
- 15% 25%
Y 0 1095 | 9.24
"
2 17.98 . : 13.7@ 8.70 8.76

3 ‘1{& 23.30 w7 13.77 9.72 7.07

E!M)‘z] f] ?4 8.13

1
13.97 8.77 8.08

%SD 1.12 8.40 11.00 1.53 10.88 7.04
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At 10 week Tensile strength (MPa)
C(E85), C(E100),
Sample
0% 15%, % 0% 15% 25%
1 55,50 58.02 90.49 95.45
2 5 1 9 90.84 105.42
3 54.77 8 108! 8.4 88.54 93.37
4 5 | 7458 | 88.88
5 i 1’1‘ 71.70 104.59
AVG 5 7 | 83.23 97.54
SD 0 74 2 44 b 9.31 7.22
%SD .9 3.57 .04 11.18 7.40
gl
Appendix 7 Tepsile engt% omp 16 week in test fuel
" : d'“.:l . ;
At 16 week - = ength (MPa)
e 4 C(E20),
Sample -
A 15% 25%
1 04 .| 867 | 898
ja—y
2 11.69 ’I'l.ﬂ 6.87 8.15
8.08
9.48
8.91
72
9
6.82
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At 16 week Tensile strength (MPa)
C(E85), C(E100),
Sample
0% 59 % 0% 15% 25%
1 56.13 15370 | 66.84 89.82
2 5 103.2 83.29 81.58
3 s 95. 4.5 78.92 | 102.16
4 5 82.48 85.93
5 L 7374 | 104.61
AVG 5 4 4| 706 | 92.82
so o 72w 0 1 684 10.11
%SD 1ol | 4814 e . 8.87 | 10.90
Appendix: g%ﬁ 7 ) ‘ites at 0 week
AtOweek | IS5 yot ulus (GPa)

sample 0% ) 25%

3

' 4 2

@2595

4‘1 257 4.61 6.05

T4 01 S0

I lsp1d

E

YW




Appendix 9 Young’s modulus of PVC/GF composites at 4 week in test fuel

132

At 4 week Young's modulus (GPa)
C(EO0), C(E20),
Sample ;
0% % 0% 15% 25%
1 1.0 ! 3 1.69 0.66
2 . 3 1." 1.78 0.74
3 1.38 0.78
4 . . 1.35 0.66
5 A 5 %0 1.54 0.64
AVG 1064 L 91 1.55 0.70
SD .07 0.19 0.06
%SD L 4.76% 119005 12.08 9.28
-M"” ,
At 4 week Gt~ dulus (GPa)
o ouEgs). C(E100),
Sample
i 5% 25%
1 4.50 5.58




Appendix 10 Young’s modulus of PVC/GF composites at 10 week in test fuel

133

At 10 week Young's modulus (GPa)
C(EO) C(E20),
Sample —l
0% ‘ 0% 15% 25%
1 0.69 0.59
2 0.55 0.55
3 0.62 0.49
4 0.54 0.51
5 0.56 0.51
AVG 0.59 0.53
SD 0.06 0.04
%SD 10.88 7.04
At 10 week
C(E100)
Sample

1.36

6.95




Appendix 11 Young’s modulus of PVC/GF composites at 16 week in test fuel

134

At 16 week Young's modulus (GPa)
C(EO) C(E20),
Sample —
0% b 0% 15% 25%
1 0.5 0.46 0.36 0.37
2 6 of O 0.29 0.34
3 M 0.35 0.34
ey ,
4 . 0.32 0.40
5 5 35~ 0.33 0.37
AVG 51 0.33 0.36
SD 5@4 = 0.03 0.02
%SD 3. . 6.05" | %628 8.73 6.82
Jrl
At 16 week e odulus (GPa)
S -OEgs): < C(E100),
Sample -
15% 25%

2.24

5.87




Appendix 12 Flexural strength of PVC/GF composites at 0 week

At 0 week Flexural strength (MPa)
Sample 0% 15% 25%
132.21
123.12
2 - 128.16
17.53
0.29
J’:‘ 26
4 | 48 593
%S 20 = 4.77
dhi o
Appendix 13 FI ra ' sites at 4 week in test fuel
7 ,.
At 4 week A ;:J ngth (MPa)
Sample ; ,H CIE20),
: \;3% 25%
1 38 13.18
2 B ‘ 14.64 | 13.66
3 18.73 16.80 18.09 16.57 | 14.45 13.03
13.50
13.51

£.13

4.62

pLild!
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At 4 week Flexural strength (MPa)
C(ES5), C(E100),
Sample
, 25%
. 90.44 | 114.57
| \ J’/} :

""“‘-3“ 87.54 | 112.25
88.69 | 112.40
84.46 | 117.03

&&; 94.33 | 105.54

v //ﬂ o7
e m'yﬁf__\\\\\ 89.09 | 112.36
o p AN TIRE

%SD li 7 \\\ 409 | 381

Fl

Appendix 14 Flexura tes at 10 week in test fuel

At 10 week

25%

12.96

13.42

3 " 558 | 635 | 1637 | 512 | 646 | 14.49
- i
%. A/ 25'[)4'-' ﬁfi 13.49
q‘l .09 41 1811 | 4. l7 9.3'3, v 12.05
6.94 188
35

%SD 3.25 5.57 6.19 7.57 5.12 6.67




At 10 week Flexural strength (MPa)
C(E85), C(E100),
Sample
0% 15% 25% 0% 15% 25%
1 86.37 | 91.2 50 | 86.68 | 87.38 | 111.61
2 85. 83.17 | 89.06 | 115.11
3 48 |1 4 | 84.15 | 115.74
4 44 | 129 3 85.32 | 104.36
5 | 8864 | 107.01
AVG 2 4 12 86.91 | 110.77
SD . 87 212 | 499
%SD 7 R J3F 41 2.44 4.50
vl
Appendix 1 X _ngt_h‘E‘F : c 6 week in test fuel
AL
At 16 week ..M = stren Pa)
E0), C(E20),
Sample -
0% gg.:'f 0% 15% 25%
1 70 12.47
Y 1409 13.69
3 !!' 2.0 1.77 @5.53 13.69
4 1.82 8.85 6,96 | 2.07 | 4.59 12.72
P [V i
AYELNEIN
L
QAVG 1.97 8.94 17.30 | 1.93 | 5.00 13.12

137



At 16 week Flexural strength (MPa)
C(E85), C(E100),
Sample

0% 15% 25% 0% 15% 25%
1 81.05 87.19 | 86.41 | 108.72
2 87.68 | 110.02
3 89.76 | 112.39
4 79.39 | 100.27
5 79.57 | 119.22
AVG 84.56 | 110.12
STD l// \\\\\‘ 4.79 6.84
== VI]’F 258 \\\ o7 | o2

Appendix 16 \ \ Yosites at 0 week

At 0 week

138



Appendix 17 Compressive strength of PVC/GF composites at 4 week in test fuel

139

At 4 week Compressive strength (MPa)
C(EO), C(E20),
Sample
0% 5% 0% 15% 25%
""'--‘ g\"\‘l I' f /"'
1 182.83 | 190.28 | 165.74
SR o
2 200,80 19057 | M67.32 118773, | 186.79 | 157.09
3 96.45 w - 181.76 | 158.91
4 ﬂ/‘l@\m b 196.2 171.1
/8 %\x 96.29 9
5 1/ /‘ a \‘k 185.30 | 163.48
£ RN S 02 |
AVG 71 | 1604 | 18 188.08 | 163.28
— 1
STD 5.51 5.61
%STD 2.93 3.44
At 4 week
C(E100),
Sample
25%
1 TIT189:641252.01 26 ‘ 230.35
236.80
. 221.07 | 230.37 223.79
19727 199.49 229.29

251.98

207 54/

dblad
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Appendix 18 Compressive strength of PVC/GF composites at 10 week in test fuel

At 10 week Compressive strength (MPa)
C(EO), C(E20),
Sample ‘
0% \\‘"}' ‘ 0% 15% 25%
oS SN
1 130.54 :\S. 6746 416 | 11770 | 139.24
- ™
2 126,631 128:88 | 455.09 111155, | 190.99 | 186.16
3 ' M\ 13490 | 17712
4 8.37 ff’/‘l%\ 163.50 | 161.30
5 1 /ﬂ/" ﬁ\\ \ \'\ 12253 | 128.22
AVG 122 IIIE \\\‘\\‘ 145.93 | 158.41
STD ‘ IW , F\\\ | 3084 24.53
%STD a- 15.49
At 10 week
C(E100)
Sample
25%
120229 | 25040 | 22608 | 17870 | 193.77
242.09
238.16 | 232.34 240.35

] 3
Wﬁ@wa J bt




Appendix 19 Compressive strength of PVC/GF composites at 16 week in test fuel

141

At 16 week Compressive strength (MPa)
C(EO0), C(E20),
Sample
0% \\ 0% 15% 25%
Vil ,-FI -
1 106.024] 116.49 / 105.09 | 109.10
\‘-ﬁ%_ r "
2 119,58 __1~109.98 35.73°1"900.96.. | 104.23 | 111.23
3 - W 11515 | 95.96
4 04.6 *‘"/‘IE\ \\:~ 2 | 100.62 | 189.30
5 1 /ﬁ/‘ E‘ ‘1‘.\-- B 11145 | 72.92
AVG 110“! i\\“k‘ 107.31 | 115.70
~ PN o
%STD 5.47 37.92
At 16 week
C(E100),
Sample
. 25%
1| 18115 | 21634 | 20945 | 19744 | 0.06 | 210.41
22165 | 197.68
19326 | 204.42 | 199.93 4+ 207.31 | 224.03
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Appendix 20 Impact strength of PVC/GF composites at 0 week

At 0 week Impact strength (kJ/m2)

Sample 15% 25%

1 1663 A 18 26.94

) _—
AULININTNEINS
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Appendix 21 Impact strength of PVC/GF composites at 4 week in test fuel

143

J
ﬂUEI’J'VIEJWlﬁWEﬂﬂ‘i
QW? éNﬂ'ﬁﬂJ lIWTJWEﬂﬁ d

At 4 week Impact strength (kJ/m2)
C(E0), C(E20),
Sample =1

0% K \\”’/ 0% 15% 25%

1 101.69m | -"';”””f"' 106.99 55.63

2 ‘ 113.00 | 52.85

3 115.93 52.77

4 1105.02 56.18

5 - 107.29 55.78

6 - 103.82 55.94

7 101.49 57.29

8 104.22 56.59

9 110.04 55.70
10 97.0 104.26 55.46
AVG 107.21 55.42
SD N 4 4.54 1.48
%SD grf 4.23 2.67
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At 4 week Impact strength (kJ/m2)
C(E85), C(E100),
Sample
0% 15% 25%
1 17.99 18.63
2 17.33 17.48
3 16.94 18.67
4 | - 16.73 17.88
5 17.28 17.73
6 16.99 17.93
7 Te00 | 18.04 | 17.19
8 i 18.50 17.60
9 17.70 18.21
10 16.96 18.07
AVG 1834 17.45 17.94
SD 0.48
%SD s e —5:62—|—5.04—| —33———4-+0— 2.66

AULININTNEINS
AMIAN TN INAE



Appendix 22 Impact strength of PVC/GF composites at 10 week in test fuel

145

At 10 week Impact strength (kJ/m2)
C(E20),
Sample

0% i 0% 15% 25%

1 ; |w / .39 157.15 114.69

2 T 108.67

3 99.62

4 109.92

5 116.01

: N\ 8l reoss | rosa

7 N\x\‘a 139.28 11417

8 v\ 3262 140.12 104.27

9 148.89 120.18
10 153.16 112.71
AVG 229.10 .t 110.57
SD 520 | 6.21
%SD t 5.61

AULININTNEINS

AMIAN TN INAE
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AULININTNEINS

At 10 week Impact strength (kJ/m2)
C(E85), C(E100),
Sample

0% 2 0% 15% 25%

1 13.80 13.53 14.83

2 12.36 15.76

3 13.78 15.17

4 ~13.45 14.89

5 13.69 15.17

6 13.48 15.91

7 \ | ~ 1416 14.80

8 ! 13.59 13.07

9 14.68 14.74
10 4240 "= 13.12 14.09
AVG 13.70 14.02 13.58 14.84
SD ~0.61 0.81
%SD 341 | 517 | 246 {404 4.48 5.48
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Appendix 23 Impact strength of PVC/GF composites at 16 week in test fuel
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AULININTNEINS

At 16 week Impact strength (kJ/m2)
C(E0), W C(E20),

Sample ™, 'y
0% | 1\\” 28 0% 15% 25%
1 ‘;\.\““ . l%{. , 143.20 | 116.16
2 50 p3 67 | 22698 153.84 | 118.66
3 . 151.50 120.29
4 62.91 | 120.89
5 3 146143 | 120.05
6 106.50
7 115.33
8 116.80
9 119.09
10 113.85
AVG 116.76
SD 4.29
%SD t 3.67
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At 16 week Impact strength (kJ/m2)
C(E85), C(E100),
Sample .
0% 15% 5% 0% 15% 25%
1 13.58 -;__:‘_:'-\. \ \ 1.’ 4.4;;; 14.53 13.29
2 148 = Lot 13.95 | 12.79
3 3 13.52 14.68
4  13.84 13.95
5 12.18 14.83
6 12.46 15.52
7 - | 1368 13.05
8 13.62 16.39
9 12.35 16.43
10 12.47 17.27
AVG 13.26 14.82
SD - 0.82 1.56
%SD w4 503 | 477 | 555 | 454 19 10.53
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Appendix 24 Average water absorption of PVC/GF composites
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Water absorption

Time
0%
(day)
AVG (g)
1 8.65+0.46
2 8.66+0.4¢
3
4
5
6
7
8 8.66+0.46 |
9 8.66:+0.41
10 8.66+0.46 | C
11 8.66+0.46
12 77
14
16 |s67i04s

15% 25%

" % Change | AVG (g) | % Change
9.52£0.19 |  0.03
9.52£0.19 |  0.04
> | 9526019 | 0.5

\m 9.52£0.19 | 0.05

\' ).52+0.19 0.06
7 los2:019| 0,06
953019 |  0.07

19531019 | 007

9.53+0.19 |  0.08

9.53+0.19 |  0.08

9.53+0.19 |  0.08

£0.19 |  0.09

% ;‘ £0.19 |  0.09

119.53+0.19 0.09

ﬂUEI’J'VlEWliWEI']ﬂ‘i
qmmmm UNIINYIA
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.||
i
o

Water absorption
Time
0% 15% 25%
(day)
AVG (g) % Change | AVG (g) | % Change
18 8.67+0.46 9.53+0.19 0.10
20 8.67+0.46.| 9.53+0.19 0.11
22 | 86720, A8 O 0 0.12 | 953:019 | 0.1
24 8.67+0.48 / Q20 4-A 9.53+0.19 0.11
— RN
26 8.67+0.46 /)/// ) \\\\o 3 9.53+0.19 0.11
il \\ A \\\ .
28 8.6720.464" 0.18 /-4 ’ »\\ , - 19.53+0.19 0.11
30 8.6740.46 VI ,@“\ \hﬁ " losso19| 012
y L.

32 8.67+046 i 2 ) \\\\ 9.53+0.19 0.12
34 8.67+0.46 201 9.53+0.19 0.12
41 8.67+0.46 9.53+0.19 0.12
48 8.67+0.46 | b.‘f!-:{' ‘ 9.53+0.19 0.12
55 | 8.67+0.46 | 049 (9314 9.53+0.19 |  0.12

5

; -

!

ﬂumwmwmm
’QW’]Nﬂ‘iﬂJﬂmTc)mﬂﬂB




Appendix 25 Avera

ange S| 0 i PVC/GF composites
‘// '4}\3:5'\\_ : i

Ao
S P e AN
Time (week)
AVG % Change ” I ‘ﬁ ﬁhm\% % Change AVG % Change
0 60.22+0.77 0.00 ! i 0 0.00 60.22+0.77 0.00
- , "'-.
4 29.414#156 | -51.17 | -10.51 56.08+0.59 | -6.87
10 17.87+0.20 | -70.32 -8.34 56.82+1.44 | -5.65
16 12.1040.40 | -79.91 -7.06 54.61+0.71 | -9.32
15%wt
C(E0)A C(E100)A
Time (week) W
AVG % Chan l‘L AVG % Change
g ’i'
0 83.34+1.51 0.00 l[ 83.34+1. 33.34+1.51 Ld 83.34+1.51 0.00
4 20.85:1.60 | -64.19  |.8162+2.37 -62.06 81.92+2.38 1.71 83.94+3.11 0.72
7y "'ﬂ’ @A 7P®
10 23.25+1.95 3T 6 l Ty &% 83.23¢9.31 | -0.13
s By
16 15.89+0.96 7.34¥3.72 L4 77.06+6.84 | -7.54

ARIANTU NI INYINY
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,,".

'lu

i ""-._ "x "
25%wt B Tensile ,-"",','.',1
C(E0)A ’mx C(E85)A C(E100)A
Time (week) ——
AVG % Change ﬁﬂ m&m % Change AVG % Change
0 107.69+2.53 0.00 MI/A m\\\ % 0.00 107.69+2.53 0.00
4 17.61£1.59 | -83.64 lllﬁ?\\ \ "Q -2.00 103.77+5.91 -3.64
10 10.14+1.12 | -90.58 ﬂ j"@ ’“\.\}\% 2.28 97.54+7.22 -9.43
16 15.90+1.00 | -85.24 ii ,«E’ \ \Q 23 | -12.16 92.82+10.11 | -13.81
P T\ A b
Ao
Appendix 26 Average a at ch Yo It *1. of PVC/GF composites
0%wt — <
C(E0)A C(E85)A C(E100)A
Time (week)
AVG % Charj,%? % Change AVG % Change
-y
0 2.57+0.03 ——257+0.03 1000 ——+—257/+0-03 = +0.00 2.57+0.03 0.00
e 2UUS , 13
4 1.06+0.07 -58.5 = ‘ 0 s 4.98 2.22+0.04 -13.31
10 1.13£0.01 -55.88 II 0.87+0.01 -65.90 2.28+0.0 .llll -11.17 2.31£0.03 -9.94
16 0.51+0.02 -80.31 7+0.01 -81.58 2.34+0.03 -8.87 2.31+0.05 -10.10

69472001 | 5158 g 234005
FWEI’ZI‘VIEWI‘?WEI’]ﬂ‘i

ammmm UAIINYA
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15%wt
C(E0)A C(E100)A
Time (week) e : — : =
AVG | % Chang : : \\\\‘h Change | AVG | % Change
0 4.6240.08 0.00 0.00 4624008 | 0.00
4 137£0.07 | -70.31 171 458£0.06 | -0.82
10 147:012 |  -68.12 “&\;-‘ L 724 443+031| -4.10
16 0662004 | -85.64 “ ] 4324025 | -6.54
25%wt
C(E0)A C(E100)A
Time (week)
AVG > | | AVG % Change
0 5.9040.14 5904012 |  0.00
4 0.93:0.08 | -84.27 0.07 Fl -2.00 570041 | -3.46
10 0642007 | -89.12 53+0.04 | -90.99 5724029 | -3.17 585034 | -0.97
16 0.66£0.04 360.0 . 610,34 5624049 | -4.78
A O a0kl &

dl INCJ
L] LY
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Appendix 27 Average a

ange flex@@f PVC/GF composites

—

0%wt lexur
C(E0)A A C(E100)A
Time (week)
AVG % Change %o n % Change AVG % Change
0 85.99+10.48 |  0.00 a0 £10.48 | 0.00 85.99+10.48 |  0.00
4 19.22+0.85 -77.65 1 0 8 -1.28 84.10+2.80 -2.20
10 5.85+0.19 -93.20 4.76%0 v -2.56 83.56+3.69 -2.83
16 1.97+0.10 -97.71 3 1& ] )7 2 | -4.31 83.09+3.22 -3.37
P e
f 4o
15%wt th (MPa)
CEOA E(E20/A (E85 C(E100)A
Time (week) e, -
AVG % Ch Change AVG % Change
0 91.89+14.67 0.0r ‘0.00 91.89+14.67 0.00
4 17.60+£0.54 -80.85 14.20+£0.43 - 90.82+3.3 -1.17 89.09+3.65 -3.05
10 6.20+£0.35 -93.25 ,‘-%10.35 -92.45 ot 90.62+2.87 -1.38 86.91+2.12 -5.42
16 8.94+1.08 b027] 1| 5.00-0.58 188 &ﬁ o) s 84.56+479 | -7.98
| 4 = 111V
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25%wt
C(E0)A C(E100)A
Time (week) .
AVG % Change % Change AVG % Change
0 124.2645.93 0.00 0.00 124.2645.93 0.00
4 17.52+0.62 -85.90 -0.34 112.36+4.28 -9.58
10 17.381.08 -86.02 -0.42 110.77+4.99 -10.86
16 17.30%0.35 -86.07 -0.56 110.1246.84 -11.38
Appendix 28 Average and per ‘ gth of PVC/GF composites
oot -
C(EO)A _ “EESGA (E85) C(E100)A
Time (week) i, : 4~
AVG % Cha ""f:.i.=5‘7i;==2;;im=;'-&:::, o Change AVG % Change
0 201.50+17.90 0.00" 4 90 0.00 201.50+17.90 0.00
i
4 197.93+9.22 1.77 J.ﬂ 185.25+19.4 -8.06 198.57+10.86 | -1.45 198.79+4.68 -1.35
10 122.87+6.08 | -39.02 114.72£10.48 | -43.07 o | 196.66+9.94 2.41 197.77+14.53 |  -1.85
16 110.28+6.29 3 i L | %ﬂﬂm %0 193.93+7.73 | -3.76

=
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15%wt ompressiv
C(EO)A (E85)A C(E100)A
Time (week)
AVG % Change o Chan % Change AVG % Change
0 253.85+11.77 0.00 53485+ 5 ; 04 11, 0.00 253.85+11.77 0.00
4 199.71£11.18 | -21.33 8.08+ - + -4.52 230.08+17.73 -9.36
10 135.59+£10.67 | -46.59 145.9 % -6.48 226.38+7.34 -10.82
16 124.88+11.20 | -50.81 0781+ ..7 - 5L 15. -15.85 221.54+£19.35 | -12.73
B2
25%wt 15 Eompress gth (MPa)
C(EO)A TS C(E85)A C(E100)A
Time (week)
AVG % Cha Change AVG % Change
0 261.96+20.14 0.00° 0.00 261.96+20.14 0.00
4 160.41+6.04 -38.77 163. +20. -8.92 231.43+5.55 -11.66
10 154.56+9.47 -41.00 158.41+24.53 | -39.53 229.99+6.4 -12.20 232.67+42.60 | -11.18
16 133.42+4.53 211.74£11.33 | -19.17
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Appendix 29 Average a

, @f PVC/GF composites

9 : ) | (K
0wt lﬁx g
cem I |\ T S
Time (week) .
AVG % Change %E @{"‘: m % Change AVG % Change
0 17.04+0.65 0.00 I “r, f :ﬁ “\ &\\L 0.65| 0.00 17.04+0.65 |  0.00
4 08.81+3.44 | 479.81 i l v\ \ 2.90 16.39+0.77 | -3.81
10 229.10+10.81 | 1244.35 19.62 12.5140.51 | -26.57
16 232.88+10.34 | 1266.51 18.38 12.47+0.57 | -26.84
C(E0)A ~“CEdA ;o C(EB5)A C(E100)A
Time (week) - -
AVG % Cha —:ﬂ::;;;:;mz::;:_‘; %o Change AVG % Change
0 19.08+0.85 o.o 2 0.00 19.08+0.85 0.00
4 76.16£3.06 | 299.04 | 107.21+4.54 18.34+0.9; -3.88 17.45+0.59 | -8.58
10 122.07+6.29 | 539.61 g ﬂ:‘)9+8 22 | 673.364 ,| 14.02£072| -26.55 13.58+0.61 | -28.82
16 128.65+10.54 : L 1%&@ -‘23'15 13.26+0.82 | -30.52
1 =
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25%wt
C(EO)A
Time (week)
AVG % Change
0 26.27+1.25 0.00
4 48.84+2.87 85.94
10 66.67+3.54 | 153.82
16 83.06+£3.22 | 216.23

16

ek

Im

%

ct st‘

E85)A C(E100)A
% Change AVG % Change
0.00 26.27+1.25 0.00
-27.96 17.94+0.48 | -31.71
-42.50 14.84+0.81 -43.49
-43.43 14.82+1.56 | -43.57
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