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CHAPTER |

INTRODUCTION

Thailand W |mp0‘d oil.
demand. Whe IC ct tes Th' ha

tries to satisfy its energy

re. However, Thailand
has the potenti ‘:"“--.‘L_ especially alcohol from
plants, because of th lghce ¢ Ure _u example, rice, sweet corn,
cassava rogid Weet sorgl € - : therefore a good
- » e reduce the amount of

"

imported oil for agricultural products at

the same time. R ific ituationte - ihe Ministry of Energy is

promoting the seriolf us® o "-_! e of gasoline and ethanol

alcohol. Itis Wide‘ S.é as an a" e 2 _' =|ior .‘\\_ Gasohols with higher content
of ethanol are more BIro ,.;_’ asof "_ 5 with lower ethanol content.
Blends with different‘perce , @esoline are commonly used in various
countries around the_wde ff’; .{‘"?{‘{;"“ A ially 10 vol%), Brazil (up to 25
vol%), C& 77777777777 q@/ol% ) [1]. Hence,
there is a t 2 schoIs. Polymers are

-

widely used ﬁaus |ght]ﬂld ductile nature. One
4 L]
common praekiCe to improve their mechanical properties is tose€inforce polymers with

inclusions flber‘v“ers platelets or part| to make composites. High-density

U HANENAININS =

alcohols, and hydrocarbons [2]. HDF has been the resm f choice for plastic gast

ARAANTITU A WIINYTNY

This work aims to study the effects of glass fiber content and 0 vol% aggressive

ethanol-blended fuel C; C(EO),, 20 vol% aggressive ethanol-blended fuel C; C(E20),,



85 vol% agaressive ethanol-blended fuel C; C(E85), and 100 vol% aggressive ethanol;
C(E100), on the physical and mechanical properties of HDPE/GF composites after

immersion in 4 different test fuels for 16 weeks.

1.2 Objectives \\\" / /
1. To study {Hesmpact gaso@ls an&éinforoed HDPE
a

1. High defifity goly€lhylene, trademaicts InhoPIul HD2308, is supplied
‘.l , Y |
by PTT Cheffical. X \

2. E-Choppfd st *'":'WF‘,

length of 3 mm IS+
_,/

il

arious-weight ratios-of - HDPE and-glass-fibers-are-1006+ 0,/85:15 and 70:30.

D1ADY Chopped strand) with fiber
oup Co., Ltd.

HDPE ,and glass fibers at

4. 9G4 te 8.#thanol at volume
ot
ra_iMoﬂooo 30:20,15:85 and 0:100 o ormCEQ C(E20) ,C(ES5) and

E1w according to SAE ( Standa 1681

_umnamwmm

- Test Fuel Cis Compf?ed of 50 vol% toluene and 50 vol% iso-octane 7

AR ANy

0.004 g, sulfuric acid 0.021 g and glacial acetic acid 0.061 g




5. Determine physical and mechanical properties of specimens at beginning,
four weeks, ten weeks and the end of experiment (about 16 weeks).

Physical properties of the polymeric composite will be determined:
- Mass change i. ’ . ,
- Diametef \| } bsorption
- Thi v % y
Mech$ of th’oly : tegwill be determined:
ks

Volume change

ar gasohol and glass fiber

ass Tiber content on mechanical

er reinforc omposite.
DA »

hyfa and mechanical
i)

properties of g Lr/

3.30 ' P

VAT TV S| PVt | Pt P -V [ i | || B | YooVt

“=0R
t ol il

- -

U i
AUt INENIneINg
RINNTUANIINYINY



CHAPTER I

THEORY

2.1 High Density Polyethyl

Polyethylen ughout the world, and high
density polyet@ ‘ WG @™ fype of PE [2]. HDPE is
thermoplastic an ci_an: el (o : “ AR uding radical polymerization of
ethylene at &3 v Diésbil \ ) TN of ethylene, and
: y 3]. Nowadays HDPE is

still made almost e o oh rémidior Z ey Sicatallst system. The two systems

produce differ of golyiner, auhicl Siul fer dlifferen %oplications [2].

'| a catalyst prepared as a

| and titanium tetrachloride in

thefreaction vessel under slight

pressure, at temperature of S0=E=_C=Hde LRolymerization is removed by cooling.
- ;

Polymer forms as “or granule ge reaction mixture. At the

completiap 0Lt fwater or alcohol,

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl



Ethane gas Ethylene monomer

Structure - f ¢

A
Typical Iinean/ Olyeth

o
. g =l g d
weight average molécularfeigRteor.ty rcial 'HDPE grades can vary from

_rysta ine (over 90%) polymers. The

20,000 to over 1,000,000 dependig;anthe an [2, 3].

Auti Inendwens

| A | I | L.
q o] llinity of the latter poly;ers. inear polyethylene are

an be attributed {0 the higher Crys

decidedly stiffer than the branched materials (modulus of 100,000 versus 200,000 psi or



690 versus 1,379 MPa), and have a higher crystalline melting point and greater tensile
strength and hardness. HDPE is not soluble in all common organic solvents at room

temperature, more polar organic solvents even at elevated temperature and inorganic

solvents. Linear polyethylene are I oye 80 °C in 1,2,4-trichlorobenzene, decalin,
di-n-amyl ether, haloge \\ y aliphatic esters and ketones,

hydrocarbons and xyl¢

Table 2.1 Propertics«o BT [27}

Density - 4F 4 ‘ W R8.05 Gk o/om’

Melting Point - 4 8138 °C
Water Abggtiondd & I A W\ 00400 Nallp200 %

Tensile Strengi
)

Elongationat Brezg

%1 1%%4.0 MPa
1900-200 %

i
A
O

Elongation at _ d |

) - 13.0 %

Flexural Modulus 01179-2.62 GPa

Modulus of Elasticity 0.700 - 2.62 GPa

|zod Impact 32-850 J/m

Processing Te

.

De ,l [
HDPEIi v !relatively stable

C-C bond. Howe*r, above about 290-300 °C, chemical processes in an inert medium

=3

ANYINBNINGINT

ratures (200-300 °C). This type of degradation is also a combination of radical

se of the high energy of the single

Eii

reactions, resulting_in a reduction gmoleoular weight, &tion of oxy en—contaiM
aon |, 8n l

q aldehydes, and ketones. ] :

rotection is also nearly always afforded by the addition of an

antioxidant package. Exposure of the molded HDPE articles to sunlight and air also



results in polymers being attacked over time, especially at wavelength less than 400 nm.
Such exterior aging of the polymer results in development of surface cracks, brittleness,

change in color, and a deterloratlon of mechanical and dielectrical properties.

I amounts of light stabilizers. Chemical

xtrusion and rotation
: . olding accounts for
about 40% of th che \ P 5 the linear polyethylene
‘ . : b caps, closures and
housewares. Thegdiigh i , and.Fie nee 0 aear material have led to
. hefe these properties are

\

‘ F g J -4 "1 '
important. Other 4 incarpolyethylene include and sheet, wire and cable

> 30)

composite mji saﬂa bulk material (the
Ay
matrix), and H inforcement of some kind, added primarily to inGiease the strength and

stiffness of the m‘rlﬂms work aims to study tvolymer matrix composites.

ﬁjﬂwmmmmm:::z

f|c characteristics and prope s. The conshtuents retain their identity such that

ARIRIATHIRIINETAY

inexpensive polymers, used extensively with glass-fiber reinforcement, often in

substantial plastic components (such as storage tanks, pipes, boat hulls and seating for



public places). Recent years, however, have seen rapid growth in the used of reinforced
thermoplastics polymers. A major advantage of a thermoplastics matrix is that forming is

possible by normal injection mouldlng or extrusion techniques. These are the most

significantly incr o tooling and process

t (fibers,

particles, flake fillgrs {dedai matrx (ot & metals, or ceramics).

. . 4 i d 3 \ n-‘ . L .
new combined m Y DEtter. ol Ui yvoul each individual material.

A : !
Based on the forM of rgihforceg mn ompositékmaterials can be classified as
!

follows: [15].

1. Fibers as the reinforcementtFilrons Cor
ﬁ*ﬂ_ -f'i‘; 3

reinforced composites , roed composites

'QW’]MTI‘ENHW]'WIH’IMJ



2. Particles as the reinforcement 3. Flat flakes as the reinforcement

(Particulate composites) (Flake composites)

In this work, thespo | [ comprise of high density

Dolyethyl@H ' ix 2 in orﬂjnt are studied.

-

N

¥
0 as composite-‘ﬂlﬂlled plastics. Filler

materials or remf‘cegents can be glass, bor raphlte alumina fibers, woven and

M ummtm mmm:?::

pLM)se of fillers are to enhance varlous properties to the plastics to which they are

ARIRIT

enhance electrical and chemical characteristics [9,10,12,13].
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Polymer/glass fibers composites offer exceptionally high levels of strength,
stiffness and impact strength, combined with a density substantially lower than those of

structure metal and alloys. Strength and stiffness arise from the properties of the

as fillers in polymer
f continuous filament
usually referred to ibep Slags fiber 5 i KA@Wn for many years but they

when the first glass

reinforced plastic : ' g in%the feinferc i astics industry in Britain
[16]. |

Glass fib Il ,-V | ".h, alline), isotropic (equal
properties in all dire ‘i s) and=al q-i-mﬁ'-- dime \‘-‘ al network of silicon, oxygen

and other atoms arra ged It Glass'fibers are strong, low in cost,

nonflammable, noncondg "/ @sion resistant. The disadvantages
are relativel hig vith hﬂ&lng relatively low

fatigue re§ -—f"-“'“"’“""m""'—'m mainscategdtics of glass fibers: E-

[re rt subdivided into the
Mies: S-glass, S-2 glassand S-2 hollow glass fib"'r

Another w)e known as C-glass, is u |n chemical applications requiring

ﬁ&lﬁﬂﬂﬂ?ﬂﬂﬂﬁ? B
ammnwuwwwma d

glass and

following cat
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Table 2.2 Composition (weight %) of Glass Fibers [16]

Oxide A-Glass E-Glass S-Glass

binder. Tr‘ n dditives may also
e |",

contain smalWroenta motes esion between fibers

and the specific matrix for which it is formulated. The baS|c commercial form of

continuous Iass | a strand which is a Mnon of parallel filaments. A rovmg is
a a tr v“ E} }g a ag Rovmg
a

r"sed in Contmuous moldmg operations such as filament winding and pultru3|on

They can also be prempregnated‘/nh a thin layer of meric resin matrix to

ARINNTIU AN MR

layup molding.
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Chopped strands are produced by cutting continuous strands into short lengths.
The ability of the individual filaments to hold together during or after the chopping

process depends largely on the type and amount of additives applied during the fiber

manufacturing operation [10].

Table 2.3 Typical Ph i e;/‘-Mﬁgus Reinforcements [13]

Property . 4 ET Sisal Stainless Ceramic
—~ » steel
Fiber diameter (in. ) v 9| 0.010 0.0003 0.0002
Specific grawi - 26 . 4 4 : 18 1.50 777 2.7
Modulus of elastj v . f2f | 16.5 193 103
VSR &'V F
Tensile strength #&Pa) ‘- ."' 45 3 » ! 0.52 0.59 1.72
Tensile elongation (§ H,_’t && ) & Lo | 23 23 NA
Thermal conducti) vy ‘i‘ﬂ . ]
(W/m°K) o | 0.25 NA 1.12 2.88
Approximate relative e —
cost (by weight) =L & 2 0.7 18 3
[

J:ause E-glass has

good resistan'ﬂto he S, Iovﬁsistance to acids and
I | i
has the loweS®Cost of all commercially available reinforcing fioefs, which is the reason

for its WIdespreai‘Jhthe fiber-reinforced pld@kigl industry [8,10,13].

AUBANENINEINT
q ma AT

oxygenates value and octane number of gasoline which normally rendered by Methyl—

Tertiary-Butyl-Ether (MTBE) [18]. Because of this make gasohol has higher octane, or
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antiknock, properties than gasoline and burns more slowly, coolly, and completely [20].
The ethanol is usually obtained by fermentation, followed by distillation, using crops,

such as maize, wheat, potatoes, rice, corn, tapioca or sugar cane [22]. Combustion of

gasohol produces lower levels o bgns, carbon monoxide and carbon dioxide
than general 95 octane, '§8 ' O.greduce black smoke, aromatic

hydrocarbon, benzencag ,' afiSSio - ' ipes [23].

Mixing alcoho i gasa » ‘ tages of fuel blends are
that alcohol tW atin articularly important in
unleaded fuel, andg ‘,' I from the engine. The

burn gasoline effj Wil or : H\ Olkshould it separate from the

ol thedalcoM®k molecules and their

tendency to absg fer, _ S aNViathy | Alco ol is the most likely to

separate, butyl alc the ;' ?n,b ) >ndency o"‘-. cparation increases as the
temperature dec e quant®ZaFW bsorbedigcrédses, and the quality of the

1'% e \
"eff-
The pI’OpOr’[IOn Of e Vr----!—-mq_l.f-

gasoline decreases [2
ACT is generally 10 percent across the
world, including Thailangs mixture can be used in vehicles

without e@ t& g to promote the

=
;}razil is one such

country, Wh|0ﬁm Lm) pure ethanol (E100).
|
Besides Gasehé! E5 or E10, the United States, Canada and Swadlen also use Gasohol

85, which has or‘ rcent of gasoline in |ts”ture The gasoline content is kept in

AU INHNTNEINT

boﬂt the vehicle engine’s performa?es [18].

N F9NTMUNIANGIAY

gasoline that can be used in the internal combustion engines of most modern
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automobiles. According the Philippine Department of Energy E10 is not harmful to cars'
fuel systems. However, it is not allowed to be used in aircraft [19].

E15

greatest ratio of ethanol to'% ep@ed by auto manufacturers that sell
vehicles in the United "Si 5 ny vehicles can handle higher
mixtures without troulEe: ‘ designed to take higher
concentrationsW,

E20 ins; ; ng 50 101% Sas MesSince February 2006, this is

the standard ‘ if i ¢ ‘ sl Wh o erns with the alcohol

will be mandated /gl thefll.S. stateof Minn .': / 2048, A@liable also in Thailand with
tax reductions for "E

E85

E85 is a mixture Oft —-’f /“E?}_‘:-‘ k 0|% gasoline, and is generally the
highest ethagol Saco in Sweden, and
there are m”‘m—"“-‘“““_’“"» of 2006, mostly
concentra in, the s.'__ ~This mixture has an
octane ratingMabout 105. This Is down significantly from p (k thanol but still much

higher than norm?gasolme 87 octane. The ad tiog of a small amount of gasoline helps

U INENINYINT

atmonal gasoline is added (to facilitate cold start). E85 contains approximately 27%

L PRV, TR S

imply [19].
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E95
E95 designates a blend of 95 vol% ethanol and 5 vol% ignition improver and is
used in some diesel engines where high compression is used to ignite the fuel, as

-“  ‘ e where spark plugs are used. Because of
addition of ignition improver is

I has been used with success

Argentina.

with pure, or

switched back togfeaty r' o ;- ' 2s ‘ahruelin Bazil is the azeotrope (the
highest concefitratiog of.:”' W, ‘ Ve distillation) and contains 4
vol% of water [19]4Ff .

---------

ent can be used in vehicles

without =--1_-'=7 77777777777777777777777777777 3 _Jl)at higher ratio of

llowing. Vehicles,

— —

which are alyﬂ uel sy'ﬂms and fuel injection

functions modi |ed These types of vehicles can use gasohol up 10 20 percent of ethanol
or e normal g S® This technoloiy was elo ed and has been used in the

ope nﬂ H ﬂ }e’ovlr oni million
eﬂies worldwi ewh|ch use this type of engine.

The Flexible Fuel Vehicle Fﬂ The vehicles coggeny ith an engine that cangisy

ARIRNNT UARIINHIRY

gasoline in order to control the fuel combustion system in line with the type of fuel used.

The materials used in the fuel system of this type of vehicle, such as the fuel tank, fuel
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pipe and fuel injection, is reinforced to possess resistance to high erosion caused by

ethanol. Other than this, the engine is not different from other vehicles [18].

There are many disd o_hols, particularly methyl and ethyl
alcohol. Although thesg b :" n stoichiometric air-fuel ratios,
produce more powe ire >' antit;uc fu roduce a specified power
output. For example 4 Qi bile::'more el fs=reguiredsior each mile driven. The

of the alcohols to [ oLy B 3 - feats of methyl and ethyl
alcohol caus ifi g (eses 5 v * tr4a8porting them through
the intake manifoldlof th ; it et Agithe intake ifo pay be necessary in cold
‘ : ale) -\,‘ -~. es. Without external heat to
f y J".1 o!h' to start and sluggish for a
the deast likely to cause starting
difficulties or probles du in ip: N \atits Iatnt heat is almost the same as

the latent heat of octane: :‘;;.t_ =K ble in water, but butyl alcohol is

relatively [inSpluls LeSs jengine power is
A e B 4

produced e -pjr lock, fuel mixing

il ;I,
and starting ptapl =t
|
Alcoh ‘ “may be corrosive to certain materials use Ii engines. Generally,

methyl alcohol is‘wfﬂst corrosive and butylwhol is least corrosive. Alcohols also

AugIneningans

2.4.3 Gasohol vs. Gasoline‘ P~

QRSN ININY

performance, but to have major environmental advantages. Some of these are as follows:
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(@) 10% alcohol boosts the octane of lead free gasolines. This is particularly
important when octane enhancers, such as MMT (methyl cyclo pentadieny!

manganese tricarbonyl) and lead are under restrictions.

(b) Gasohol has been_shegw tudies in Purdue School of Technology to

produce more.OSeRONE ‘ | burned.

d 50 60% compared to regular

often so low it cannot

_g ssions, f 3 ecONomy, operability, full load
performance (power), r- iCE o whighll changes in fuel composition

affects these engine perfo F=ie) alitie =wery dependent on the engine itself,

o A | o
including engine desig n‘f;;ﬂ,,.- ~and em, as well as emissions control

1 -)gasolme ethanol,

_JThls is assuming

&
splash blen

_UEJQﬂﬂﬂﬁWMﬂ‘i

qmmnswmmmw




Table 2.4 Properties of Gasoline, Ethanol and Gasoline/Ethanol Blends [38]

Property

Specific Gravity
@15.5°C

Heating Value«

(MJ/kg) _

(BTUNBS

Heating Va

(MJ/litre)

(BTU/gé

Approx Reid Vaglur
.8°¢

Pressure @ -

kPa)' P

Stoichiometric Air/ ‘

Fuel Ratio

10% Ethanol /
Gasoline

Blend

20% Ethanol /
Gasoline

Blend’

0.735-0.765

40

17,200

29.9

109,000

63.4

Oxygen Content

(% b% )

VoIahw
Fuel vOlatility can be described by vapour pressure, ea

13.5

of which is important
in u derstandmg%l“ required from the fueluerms of satisfying engine operability

mlxtug is gr ate an th va;our press

salingl thel vapour

| gl
of ei

er-the. g ollne or

alcohol alone. The molecules of p‘e alcohol are stronwydrogen -bonded, but

ARIRINIWUNTINGT Ay

with their low molecular weight. Thus the alcohol becomes more volatile [38].
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Reid Vapour Pressure
The RVP is a measure of the vapour pressure of a liquid as measured by the

ASTM D 323 procedure and is commonly applied to automotive fuels. For automotive

fuels, the Reid Vapour Pressure (R uged at 37.8 deg C is used to define the fuel
volatility [38]. Figure 5 showsF i rent ethanol blend content. The RVP

only drops consistentl{uig ' '_ sl _ ith s of ethanol greater than 30%.

us]
=]

-
o
T
i

o
]

n
o=
T

[ ]
(=]
T

Reid Vapour Pressure (kPa)
[ ] EE
(=] o

-
=

o

‘ 100
anol (%)

' tr%ﬂ [38]

il
Tab|e$i'> ho %-and 20% ethanol on the
' il
RVP of the b I ‘ gasoline fuel using data from Owen & Coley. 'jﬂ‘

ﬁﬂfﬂ NENTNEINT

Yolume % Ethanol gaded RVELP) ‘ o




20

2.5 Polymer Solubility

The question of whether a chemical is harmful to a specific polymeric material

omponent is to be placed in a possibly
/ jgns, a chemical reaction between a
*Gibps free energy equation. If the

will occur between the

needs to be addressed if the

overcome by i u ale _ ' Ny | actions, the second stage of

4
solution can take ‘ o disintegra into a true solution. Only

\‘ '

molecular weight [3].

Eve , the solution process can be

Polymer
F ..Vﬂiuu-—n—n_-u--;—v.n-m-v-u—u—u-—-—u—-.n-u-—--u-—uu----‘. = Of the po'ymer |S
highly imp®o Bt ymers=do not dissolve, but
— i

only swell if ir&H d they interactwr esovent at all. In part, a ||I st, the degree of this

interaction is det?mned by the extent of crosslmklng Lightly crosslinked rubbers swell

ﬂlﬁﬂﬁ"ﬂﬁ AINYINT-

t The absorbance of solubility does not imply crosslinking, however. Other
features may give rise to sufﬂmentlﬁl h intermolecular ﬁs to revent solubllltyu :
q Wpre ﬂy m M“ crys ﬂ S, p rti Iyﬂ
nopolar ones not dissolve except a temperatures near their crystalllne meltlng

points. Because crystallinity decreases as the melting point is approached and the
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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,

with crystalline melting point T, 135 °C, is soluble in many liquids at temperature

crystallinity. 4 the most important
determinant of sl bility -- elug i o Athis section. The influence
of molecular We|ght |th| ‘ f, o}ﬁw " s fe "a_‘" it is of great importance to
fractionation prog Se" which A'?. 5 fion abe tAEY distribution of molecular

weights in polymer samiple .

Solubility Paramefsfes AFLALA 4 -
SeluBjity » 'vi It was long thought
K_ - ‘ dfv

,m ‘ G = AH-TAS

Eiﬁ H3nensneng

Iar molecules and in the abs?ce of hydrogen bondmg AH is positive and was

Q‘Wﬂeﬁﬁlﬂi bbb itiab

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 t is one of several alternatives used in

The value of tHE%aglut ity that O can be calculated for
interactions such W ien-b ings @pted if 51—62 is less than
3.5-4.0, but noLi ‘ er solubility, pioneered

by Burrell (1955).4 o Xtehsi | ,‘ h ularysigtiie paint industry. A few

‘rfr ZE \'\. \

n-::. 3

where values of £ ar‘ mmediover the=s| g| configliration of the repeating unit in
s <
the polymer chain, h repeatn 1lar we d density P.

The original soluk; 5 developed for nonpolar systems.

Modification, to . : \ Iefthree -dimensional
solubllity-parameter schemes, which lack the simplicity of i giésparameter method

-
but are mofe wide e ept is nevertheless

.|1 .
<
Jl
In Contra?t !ie above conS|derat|ons e thermodynamics of dissolution of

UEINBNINGINT -

co“act molecules, but these kinetically good solvents need not be thermodynamically

QTN RI N AN

still extremelyl igeful and should not be abandoned without test
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Table 2.6 Typical values of the solubility parameter O for some common polymers and

solvents [3]

Solvent , Polymer 0, [(Jiem*)"™]
n-Hexane | 16.2
Toluene 16.6
Benzene 27.8
Acetone 19.4
Methanol 17.6
Water 31.5

Table 2.7 Molar g actig

i

~ P ; J- *imole
Group; . "f:' ‘ ¢ [(J-em’) ]
'y v (L

—CH#

—CH— B i
~ci— § %
"C{“ T25
Bl 733
o 429
Sc= 701
—CH=aromlig 419
425

329

84

47

- 14

a -28

Six-membered ring —48

= ,m{_, 462 ortho

OH dl‘m"n 350 L | ‘ ~13

AN IUANINGAY
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2.6 Processing Techniques

2.6.1 Processing of HDPE/Glass fibers

Extruder

Extruders are the me

) hiffesyin the plastics processing industry.
Extruders are used no ",‘; » Xtusion ﬁ o in most molding operations,
for instance injectio \ Iovxwolm every plastic part has gone
or another: mm;wthan once [2].

‘ divided: : ctions, each with a specific
purpose. Th from a hopper and
propels it into" section, the loosely
packed feed is ¢ | £d, 8 ' . inuous stream of molten
plastic. Some ‘_ 41 1 applied, is J8ated by friction. The
metering séction - 5'_uhifo ‘ life) edUiicd to produce uniform
dimensions in odu I-r-Jr a- SUfficiantyoreS8ure in the polymer melt

‘i‘:fﬂ )4 W\ |

to force the plast| Oderfan@@ut @ffhe die [3,26,27].
Y



25

2.6.2 Preparation of specimens
Compression Molding
In compression molding, the polymer is put between stationary and movable

members of a mold. The mold is

djheat and pressure are applied so that the
materials becomes plastic,§
The necessary pres
thermal and rheolo

material they ma

is squeezed

[3].

{4 i
J et |
=1
oating|
f
F und to be molded |
§ i
'] |
i dr 5
J 5
L] [ L
i

chopped strand.

The advantaﬁr d Ia:ﬁ‘, fairly intricate parts.
Also, it is one<afthe lowest cost molding methods compared wi' her methods such as

transfer moldlng ‘(nctlon molding. Moreov”vastes relatively little material, giving

U N

|s not suitable for some types‘ parts [29].

'QW’] RATMUNIANYNAY

Injection molding is a forming process. Material (plastic, metal, ceramic, wax,

etc.) is fed into a hopper which delivers it to the feed section of the barrel and screw.
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The material is melted usually via a screw that melts or blends the material and then

pushes liquefied material into the mold, which forms the part.

GRANULAR
PLASTIC

" ‘!r- e
4#-*5!'-;1 e/
3 ] ad

REW-TYPE
UNGER

MEATING COILS

oldifig [30]

"

Advancesgfl injgftiodfm®ldir ) maehi \ e Wilhythe evolution of hydraulic
circuits and a‘ ancegfcomiputer cu:v*ga.;.- ontpo :,\ (CN@) [2]. Injection molding
i X .l'. “_ z 'n_!

Eirih ariel of parts \\u omithe smallest component to
L=

is widely used fai am’ ac

entire body panels of Qars. ‘... '..‘an.'..;.'..; e -\._ ommon method of production,

with some commonl mad s-includir bs and outdoor furniture [30].

| —
degree‘ || ome are sufficiently

hydrophilic tha they absorb large enough quantities of water to‘significantly affect their

AU IRENS NS

Tmtandard tests ISO 62 and ASTM D570 are used to measure the water absorption of

polymers. Factors affecting water Gsorpnon include: t of plastic, addmves

q RIRLNIUIRIINHIAY

change and volume change are determined under specified conditions.
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Specimen size

Diameter disks, 50.8 mm and 3.175 mm in thick. Shown in Figure 2.8.

Data: Water absorption is expressed as increase in weight percent.

i )y Mass Change,

J\Volume change

aminc®@poy Scanning Electron
Microscope (SEM) / @ ,nc':ﬁi e (S ) is a type of electron

the s3 Sle surfac cannin@iit with a high-energy beam of

microscope that 'ma
electrons in a raster g€an palle ":“Jﬁ:ﬂ act with the atoms that make up the

sample producing S|gn§1l' jon about the sample's surface

topograp@co ©

Iectel conductivity.The
compositessamples-were-prof iquicmtrogen-and-then-coatse with gold palladium

alloy unde!

'QW’]%Nﬂ 191999Y) 24 &

Figure 2.9 Scannmg Electron Microscope (SEM) [45
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2.7.3 Tensile Test
The tensile test is performed to characterize stress-strain behavior of material.

However, standardized tests such as DIN 53457 and ASTM D638 are available to

) is proportional to strain

s"[39]. By its basic

APPIIEGIN

|
»

||

) s J

] &

AUL IPERINEINS
RIAAIAUUAIN Y
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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 ¢ in-stress diagram (see the figure):

=t

i |
Specimén size
The dog—grﬂape specimens are WMrepared for tensile testing following

U INBRINRENG
RIQINTUNRIINGIAY
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ASTMD638TYPE I, T.II. IV, V

ASTMD-638- 1

i
L1
or Tensile Test
i B h
o o
|| W-width of n mm. Jﬂ.
L-Length of narrow section = 33 mm.
WEO- Il — ! - q ﬂ
w G-Gage length =25 mm.
Distance between g%s = 65 mmih U

ARIAINIU AR INYAY

T-Thickness = 3.2 mm.
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es a materials resistance

to impact from [ e dam.- 1 ( i det t€S§ a notch is cut into the

,: ion asWvell¥es an increase in crack
!

propagation rate is aclifeved_e ; rack E. In this way, a break can be

P o
achieved even on todgh pl&sdties -"-'-

en unnotched specimens are used.
Izod impact is defined as :; : _;, 0| O initiate fracture and continue the
o g :

fracture il the are gotched to prevent

deformatl .- o the.specimen-tubon-mbact-Eorthetest..oendul "f ammers are used

with nominafmhpa ocitiés™of 3.5 ms-1 in Izod
e |
M]. ASTM impact energy s expressed in J/m o@lb/in. Impact strength

is calculated by Wldlng impact energy in J by the thickness of the specimen [32].

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl

configuration
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frot

k Sagrmale
Feokmetiy

acksand strikes

Specifnen sige :
Y J Nl ~ . .
The bar “shapglf specimieliss arey ed fG \ od" impact strength testing

following ASTM D256 (or ',,Z»«‘v'}"} e st ecimen for ASTM is 12.7 mm x 64

mm x 3.2 mm as shown in Figufe=2=+6-(B)=

lepily under the notch of the specimen is
10.2 mm [,

Am TR0 e nnmn] 1‘
Impact Tester (a); and Lar ahape Spemmen

for Izod Impact Strength Evaluation (b)

Figure 2.1



33

2.7.5 Flexural Test
The flexure test according to ASTM D790 serves determining strength and form

change properties under bending loading. The 3-point flexure test is the most common

for polymers shown in Figure 2 are plotted in a stress-strain diagram.

Flexural strength is defincdBeSH ir in the outermost fiber. This is
calculated at the surfaGERORIAE X s x/vex or tension side. Flexural
modulus is calcula ---mﬁ..ﬁiﬁ. Whe s@n curve. If the curve has

eak o, is calculated

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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Specimen size
A variety of specimen shapes can be used for this test, but the most commonly

used specimen size is 12.7mm x 12.5mm x 3.2mm for ASTM.

al Test (a);

276 Cogffbre on‘ est M
i L o
Acompress te ;‘” S

specimen is comp ss and d ‘

'. nder crushing loads. The

ecorded. Compressive

rious g ~. i
stress and strain are culz r«-'; tte s-Sti@in diagram [39]. A large
number of relatively complex i @ specimen configurations were

developed to measure.ihe posite materials [41]. The

compres Q @ the red point
p t rength of the material would cc st p

ﬂUEI’JVIEWITWMﬂﬁ
qmmnmummmw
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Stress
[Mpa]

4

ll

a1

iveStrength [43]

ere the material follows

difference&) Y

: jon. There is a
it sic definition the
uniaxial stresﬁ give
oyl

ﬂUEJ'JVIEWIﬁWEI']ﬂ‘i
RIBINIUURIINIA Y
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Specimen size
Specimens can either be blocks following ASTM D695 and ISO 604; the typical

blocks are 10 mm x 10 mm x 4 mm shown in Figure 2.18 (b).

Figurgl?.18 niyer:

pe" m ] g

AUINENINYINS
ARIANTAUINIINGIAY



CHAPTER Il

LITERATURE REVIEWS

Orbital Engine Compa ss€d @n conducting materials/component
compatibility testing » » g containing 10% and 20% by
volume ethanol ( & & : | ely as possible the relevant
SAE standardsw it alh;: material). SAE standard
J1681 was followed ‘a8 pbssible amdstiging the test fluids utilised for
material/co L S ing. lheteetic 2 fehial design was not an

attempt to fulfil al ifiGalion, "actual product or process

® For metalli¢” bagf efigific’ compoRientst that, nay &hibited corrosion when in

7/t

fi L o -

; r"*’. A4 WY

sidere ...'ngs'ﬁ ’ he P ptential exists for the oxide to
dislodge an‘ ._.-3.5,"‘.1.“_.- R \".“ g engine components. This
situation wo d mMas rated wear of these components
surfaces.

‘3 [ofe  depe ’ ffowdahon and the

’ inal.location.oat.the . dicliodaod. oxide 1o callso . onalr 8l;

tal

ol

® For Al=the e.- 2 Mished indicating an
oxidat Hv | process had occurred. { II

- Thisis ?ns ered a concern since th o idation of brass fuel and air metering

: ﬁﬂﬁ NENINYINT

- The potential exists, dependlng upon the severity of the loss of metermg

ol R TIL Go e

contact with E20 fuel.

efu
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- This is considered as unacceptable since the changes have the potential to

result in fuel leakage.

B.Jones et al. 2008 [34] c@ ' ) ffects of E20 versus E10 and gasoline
on plastic materials fou ' AN Ot '/I ngine fuel system components.
Plastics included in th® | 1 et J e styrene (ABS), polyamide 6
@ (PBT), polyethylene

the 18-week#idy. ' ind fhat feur off the waichigis PABAPAG6, PET, and PEI,

were compatible “ e test :ff -"s\ 0 1 s, ABS, PUR, PVC, and
ré "“_‘1 . AB specimens failed after
less than one we lilfnersion M Is‘. The pé

i . ‘ -‘A ‘:J \

ROt C )

f ‘ ‘n-
PBT, were affected fyels tovar de

ens turned to a jelly-like

patible with any of the fuels.

i :
PVC demonstrated S|gn|f|c nt-changes s=end volume in all three fuels but to a
higher degree in ethang -ﬂ:", ppact resistance in all three fuels

but to a @e ) 'Ico patible with both

-
ejsile strength, and
elongation.

- Tmne Wnﬂmgure 3.1 and Figure
-NEMVIEWI?WEI’M?

QW’]Mﬂ‘iﬂJNWYJWﬂ’]&H
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Jonn A. Foulk, et al. 2004 [35] studied the mechanical properties of different
fiber composites. The source of materials included virgin HDPE, recycled HDPE, carbon

fiber, glass fiber, thermal mechanical pulp (TMP), and three levels of enzyme-retted flax

fiber. All HDPE/fiber compositesy xgd to contain 30% fiber by weight. The

/ d HDPE. Glass and carbon fibers
> strength between 28 and 30
@E significantly gave high

strength. Natural fibers

MPa. The addition of-glass-or carbon ﬂ'rs to

have a lower streng ‘ f glag ‘\ st tafisglass or carbon fibers as

Toughness

Sample (MPa)
Virgin HDPE 2.98
Recycle HDPE 4.36
TMP W1774.0 0.33
Flax 0.54
Glass LT S . 0.82
"""""""" » 0.32

TSterm 996 D aration. d characterization of

single-polymer composites reinforced with randomly onented chopped polyethylene

e on the properties of the
iffer @9 n Q ﬁcom ared in

th“/vork or the first method designated as system A, fibers were manually ispersed

fi

and placed between two Petrothan‘sheets which were processed ina close

AWRIRST) TUIRIINNY

ice-water quenched or isothermally treated at 127°C under minimum pressure for a

period of 1.5 h, followed by water cooling under the same molding. For the second
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method designated as system B, the fibers were weighed according to the desired ratio
and dispersed in ethanol at room temperature. The dispersion was poured into a closed

3.5 cm X 8 cm mold, over a high-density polyethylene film after which the ethanol was

after which the press “elcastd andhe efmpe fes were further processed with

flow and eventual fiber

orientation. Thwd fhorised Sufor®20 min, followed by two

Sequently at 121°C for two

additional hours, _ two-step isothermal

crystallizatio ) v ( P - Mlible conditions for
transcrystallizati ) ; iZatit : Ar ‘alternative thermal cycle
comprised o136 Lok llov "’ ing. In system B, a
significant inc[e e i‘-v - pung’s modulus of the
" o .l he ice-water-quenched as
well as in the isoth#fm SR 4 A

a a x.

el

Table 3.2 Effect of Fiber \olume-and The freatment on the Tensile Properties of

System B [& fﬁjf’W'

2
ogat
%=
P =

6
-1
6
-2

ARIAN TN INGAE
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60.0 - l:b)

Stress (MPa)

V. Radojevi et al A a7 ble prfocess to reuse glass fibers

separated from a wasted ment in high density polyethylene

(HDPE). Gtags file overed | and syrface was treated by

silane as=aehesion promot ars—for incr: zm:..--.....-.-m..:-....=.au é Strength before

compoundfad.l T ie%giudy were 3 -
e |
methacryloxy; * pyltrimethoxy sttal NEMOY3-aminopropyltfiethoxy silane (AMEO),

and 3- egmdoxypwpyltnmethoxy silane (GLYMO), and supplied by Dynasilan, Germany.

ﬂUELTA ANINEANT

C ‘J
MEMO . . nu EO

R AN TURBIINYAY

Figure 3.4 Chemical Structures of the Silane Coupling Agents [37]
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Four series of samples were processed by compression molding (pressure
41.38 MPa, temperature 160-170°C, time 26 min):

|- HDPE- glass fibers as received after heat treatment (10; 20; 30 and 40 vol. %)

- HDPE-glass fibers treate @AM gjlane (10; 20; 30 and 40 vol. %)

lll- HDPE-glass fibersro@COMAMEOKidhe 0. 20: 30 and 40 vol. %)

IV- HDPE-glass fiersitreated & Bl _ e '*_ 0; 30 and 40 vol. %)

. . - " ed with MEMO silane. It

was seen thatW'd ' ase-i I gempressive strength and
i f | 1 i e -

meation of several

chlorinated and ggmatighygdrogarbons high; dehsi ethylene (HDPE)

geomembrap®s w : J‘ g test method. Eight
organic solvents 4 sre.chl ate o (dichloromethane, 1,2-
dichloroethan rict _h' ‘ "‘. ro ic hydrocarbons (benzene,
toluene, styrene, 'benzi .2 ‘; : in Tab ﬁ”’\ |

.v.,-__’- ; '
Table 3.3 Physical and Ch nical Seitic Ifganic Chemicals [46]

A

T

Chemicals

W g Ko o LI
J 138 0,088 0.4%

Chilorimsed hy Mg

Prichkonome |h.u‘
gl

I, 2-Dhichlogoethan®=* =’ 145 D3 0.3
Chioeodoam I GiE " 3 L.97 0.147 063
PP AT, Menck)
Trichlorcethylene GR 1379 | A &7.2 .75 w77 =53 0.297 033
l‘.l'i Seg Merckh
Agonuatic hydrocsrbon
Benroee 0232 059
e U .55
, Mg 1
{:l: . (iR
'|| L 017 1342 122.48 059 0 [N
Mc:\!u
Mole: Properties are a8 23°C and abbreviatons are as follon v = Ilh'-h:nll ir '-h'l*hl Igpll'nll II -.I:'H iy I-|:-'-.I|.1 H ‘-J'\ viscosity II.F' i

The study was conducted using a 05 mm thick HDPE geomembrane. Before

experimentation, a HDPE sample(diameter=8 cm) was rinsed with deionized water
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and air dried for 24 h at 25+1°C and a relative humidity of 50+20%. The average
thickness of each sample was determined by measuring at four random locations using

a dial thickness gauge to an accuracy of 0.001 cm.

At the end of the permeatio ts, the HDPE geomembrane samples

were found to increase in-aVers Plesd than 12 and 10% for aromatic and
chlorinated hydrocar' ' : .j VEly . | ﬂf) it was found that the
average thickness of-HE )| "".rem inc ith | asing molecular weight

and molar vquW ydrog 500 | d, the increase in

average thickness f@eDPE#lae f6id to b lyspromgtional to the molecular

- =
i T
Ly g ¥ = 03451+ 49.191 4 gl '

R*-0.8471

F|gure 3 5 Cor_relat|on of mérease in average thickness of HDPE

samples with molecular weight (a); and molar volume (b)
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Table 3.4 Comparisons of Steady State Permeation Rate, Solubility and Diffusion
Coefficients [46]

1 5
Chemical |l,|_!.:.'|,|1|:|'I|I1|||‘ (107 g

5 I, n 5
(10t glem’) (107" el ts) (107 contfs) (1072 glem’)

Chlonimated lnydrocarbon

Dachboromethane LAY Wil (TR0 11 45200 15,1 20183

1 2-Dichlloroatinane |6 2008 0252001 0242001 593+0,28

Chiomlorm [ " - n6d20, 13 034 20002 12446
Trichloroethylene 7 3 - &[], 5 - J - 7 0006 7000 ALT0 18
Aromalic hydrocarbon )

Benpene ] 71 #0000 - & (10 0322000 LYK
Tolucne 7 - ‘ - 0592003 04220000 169=1.28

Siyrene . . Pt 54 : [ g (1 (1 0272001 717018
Ethy) benzene ' \' : 0200 BA26l

Node: Mean25D. J, wan g

(rUEtu the diffusion coefficients
correlated Weli"" n " - ‘ solubilitie \were correlated well to

their polarity.

AU INENINgIns
qmmnmumqnm"



CHAPTER IV

EXPERIMENTS

4.1 Materials, Chemi

Ll fe| e e—

et
- Hig / P

- E-Chogp W=ES) glass i

of InnoPlus HD2308J is

“fib i length and treated with

Stkand is purchased by

Table 4.1 The Pi¥sic ' ne ech rties (IAAGPIus HD2308J)
§f xal's
iy I
Physical an chenical ‘
eth HD2308J
Propert _
Melt Flow Rate e — 38 6 (g/10 min)
] | —
Melting Point - 7, 131 C
Density , @62 g/cm3
Tensile§iTgh A Jo.42 upa
Tensile Str@th at :@‘ 21.57 MPa
i '
Elongation™at Break ASTM D638 750%
Izod Impact s@@ AsTVRE56 4 kg.cm/cm

ARIANTUNMINYINY
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Table 4.2 The Mechanical Properties of Glass Fiber (ECS-401ADChopped strand)

Physical and Mechanical
. Testing Method ECS-401AD
Properties ‘

Tensile Strength 47.6 MPa
Flexural Strength N 108.1 MPa
Flexural ModquE — 10.3 GPa
lzod Impact W \ 5.2 ft-los/in.
Unnotched ImpactsStEngi#’ 6.8 ft-lbs/in.
Compressive Stre 140 MPa

Chemicals,

- Tolyglfe

- Iso-octa

)
- Synth€lic e
- Sulfuric g
‘ ol ol
Equipments * i‘r:..:..:
- Twin screw extr der ‘ 1 ‘ ersal testing machine

o

Cut@ machine
ﬁF s ﬁ > . i
Haratl nns;ﬂ nnfojedeﬂatgofms |.‘ers is O

t% 15 wt% and 30 wt%) by twin ‘rew extruder.

Qmmnmwwrmmaﬂ

=1
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Table 4.3 Condition of Twin Screw Extruder

Parameter Setting

Temperature 1 (TS-E1), (°C) 160
Temperature 2 (TS-E2), \ 4 J 160

170

Temperature 4 (TS= - ' s 170

Temperature W . — 175

Temperature 6 (TSR Q¥ ///[ | NN Ty, 180

Screw spe€ v AN %, oy ' 60

4.2.2 Pgparafion ¢ I 8 PACK pade by compression
and injection moldiffg. 4

.

Table 4.4 Condition#for G

Setting

Temperature (°C)

Pressuﬁrs)
Time (Mif) w
Cooling M€ (r

.‘_
HH i

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y

170-180

0-80
5-7




Table 4.5 Condition for Injection Molding

49

Parameter

Setting

Pressure (B

7

Times (sec)u

40
40
10
50
40
40
40
38
70-135
70-135
70-135
55-120
50
50
30
40
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Parameter Setting

Nozzle 190
Temperature (°C) Zone 1 200

190

70

C(E0), thanol 0 vol%
C(E20), | . SLE 80Vol%’/ + Agggessilie cthanol 20 vol%
C(ES5), Ag@r@ssive ethanol 85 vol%

C(E100), \ggressive ethanol 100 vol%

Fuel C = S 1<'}j'} octane 50 vol%

- ‘.Jy

Formulati

- sodit M chloride 0.004™¢

3 )3l mmw gne
QW’] ANNTNARIINYIAY



CHAPTER V

measured acc experimental data are

showed in Table 5,

Table 5.1 Physio rop lies JlassHibe : =.COf c psites at 0, 15 and
30 wt% of @fass; '

Glass Fiber i . XN '. ¢ i |
‘ iame ! | Thickness Volume

content ...;_i;q...ﬁ.,: » .
Absorfgion ) (mm.) (cm’)
(Wt%) 4 i ‘:__-_'__: o o

0 3.26+£0.02 | 6.24+0.06

0.0370.45 "’T'z'; 11
'] 5 e~ ------_—_---------——n--‘-——----———al. +
‘ Y

0.04 6.27 £ 0.09

30 mosm
mmamm WEINI ...

meas according to procedures escribed in Chapter [I. The experimental data are

Q‘Wﬁﬁeﬁﬂifwﬂw}’mmﬂﬂ

o
$0.04 :}& £0.02 | 6.24+0.03
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Table 5.2 Mechanical properties of glass fiber reinforced HDPE composites at 0, 15 and

30 wt% of Glass Fiber

Glass Tensile Compressive Impact
Fiber Strength Strength Strength
(Wt%) (MPa) (MPa) (kJ/m?)

0 26.28 £ 0.24 g0 02 26."4.86 +4.22 14.30 + 0.35

86 + 2.75 16.38 £ 0.39

i\

8. + 4.36 18.04 £ 1.35

For the comp, ite_" O, the experimental result that

the tensile strengti® YO pressive strength and impact

4

strength of all samplegfw @ o Sig : ’ NerEase wi “\h \cledlsing fiber content from 0 to
j o =y %
30 wt% confirming the pre¥i i ‘* al., 20044 [35] and Stern et al., 1996 [36].

5.1.3 Scanning Elects if-" "'/m_-‘;' glass fiber reinforced HDPE

&y 0000 ™

To gaiflae Nt of the distribution and orientat g'ass fiber in glass fiber

ik .
images were taken for

reinforced HDPEZEpME De
111
each sample - @pg at low magnification (200x) and the other mndomly selected area of

the sample at high r‘ ication (2000x).

UANANTHHING

sample at some randomly selected SL‘aCG areas.

ammnwummmw
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QW’]@‘%H?NM&%W%@S

) 200x Magnification
(b) 2000x Magnification (continued)
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1 dmm B

9 mmmm 34 Wl% NN Y

) 200x Magnification
(b) 2000x Magnification (continued)
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9 mmmm b W%% NN Y

) 200x Magpnification
(b) 2000x Magnification (continued
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Fig. 5.1(a-b) shows the surface of neat HDPE, figure 5.2 and 5.3 (a-b) show the

surface of glass fiber reinforced HDPE composites at 15 and 30 wt% that clearly

demonstrate the polymer adhered to the fiber surface. In these pictures, the fibers are

coated by the polyethylene laye

ghggnterfacial adhesion with the matrix and at
the proximity of fibers therE , /ﬁ

sica&rop

7 polymer and fibers.
52 The Effects 0@5 @

The mass of g#beri d : test fuels are showed in

Time

(weeks) C(E100),
0 5.45 + 0.05

2 5.50 + 0.08

4 5.48 + 0.06

7 5.48 + 0.05

. 5.47 +0.05

P B S W B VN F T ] Qe
6 TT T 5615004 | 5654003 553+006 | 547+005

ARIANTUNMINGINY
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Time Test Fuel
(weeks) C(EO), C(E20), C(E85), C(E100),
1) 4 | 15%GCF
0 6.00 £ @ A 6.06 + 0.05 6.00 £ 0.04
2 6 6.2 ¥ 6.12 +0.05 6.01 £ 0.04
4 L B0AE003 ‘920 + +0.05 6.02 + 0.04
P
7 6.1 I _6.15%0.05 6.02 + 0.04
10 I £ 8 T ()5 6.02 + 0.04
13 g .£ 9 05 6.02 + 0.04
16 6.14/= 90 + 6% 0.05 6.02 + 0.04
0 W ejb .10 0.0 E 0.08 6.65 + 0.08
2 364 0! +0.08 6.67 + 0.08
4 0.1 73+0.08 6.68 + 0.08
7 6.86 + S 6.73 + 0.08 6.68 + 0.08
10 6.72 + 0.08 6.67 + 0.08
13 QT &-_@? 6.67 + 0.08
16 £ 6.67 + 0.08

The mass C@ged of HDPE/GF Comp08|t

ﬁﬂﬂ’i'ﬂ&lﬂ?ﬂﬂ’m‘i

fter being soaking in each test fuels

'qmmnswm'mmw




10 ;

8

% Increase of Mass

&

Figure. 5.4 EffgE!

HDPE/GF
(0 Wt%)

—e—C(E0)A
-B— C(E20)A

—»— C(ES5)A
--a--C(E100)A

(0 wt%) composites

— C(E85)A
ta--C(E100)A

‘ Time (weeks)

q W’F}ﬁ’%ﬂ FUURIINPIRY
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- HDPE/GF —e— C(E0)A —-6— C(E85)A
3 [ (30wt%) W C(E20A --a--C(EL00)A

% Increase of Mass

Figure 5.6 Effect ofgagPhic !‘,"; EER g of PB/GF130 wt%) composites

Fig. 5.4, mass | PEIGF"(0 »' bd OW about 3-4.5% after 4 weeks of
immersion in C(EO), and C(I;_Z iest fue 5 a eled off after that. The mass of HDPE/GF
(0 wt%) immerged ing d C(E100) 'crited only about 1-1.5%.

Figs. x-------------—-—-z----—----.v--..--m=-= ----- o

of immersion tEO)
e

SEQ; apdut 2-3% after 4 weeks
-ft’ flat. However, the mass
of HDPE/GF at 1|‘ d 30 wt% immersed it 85), and C(E10 est fuels were increased
only about 0.5-1%.

ﬂuﬂqwawiwﬂwnﬁ
ﬂmmmmummmaﬂ
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10

C(EO)a
——0%GF -8 15%GF  —— 30%GF

% Increase of Mass

j\ 0 4 8 12 16

5
o1 LRI INgASY
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C(E85)a —e—(0%GF -B— 15%GF —*— 30%GF

% Increase of Mass

r*

Figure. 5.8 /GF composites
£

%G —— 30%GF

T|me (weeks)

q mmmm UAIANYIAY
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Figs. 5.7-5-10 show mass change of HDPE/GF composites in each test fuels. Mass
of all HDPE/GF composites were increased after immersion in C(E0), and C(E20), test fuels.

These were mainly due to the absorption of fuel C into specimens. Test fuels C(E0), and

molecular chains were.. : Tl | _"."“-.,5 foluene has high solubility
value for HDPE in, "Cha : ‘ [ tane ®resents the alkane group

can swelling in p
The diamete ‘ )8 ingsoakin each test fuels are showed

Table 5.4 Diameter (mmf of HBRE/SFEcom ip eaehl test fuels

Time (wei;h | c(0), | =55), C(E100),

0 l 9. 49.42@0.04 49.42 £ 0.08
' L)

2 é(gi 0.12 49.81+0.29 49.85 + 0.39 49.56 + 0.11
51+0.07
; i.m +0.05
49.90 +0.09 | @49.90 +0.04 448,70 +0.08 49.46¢ .05

1 S ONEL .
- IE"‘B REBIVEL MWL RIED
' 50.01+0.11 | 50.06 +0.02 49.63 +0.12 49.46 + 0.06
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Test Fuel
Time (weeks) C(EO), C(E20), C(E85), C(E100),
15%GF
0 50.01+0.08 | 50.03+0.06
2 50.16 £ 0.05 | 50.02+0.05
4 250.20£0.07 | 50.04£0.04
7 7+007 | 50.04+0.07
10 6+0.08 | 50.00¢0.02
13 N NS0 + 009 | 5000006
16 ‘ B4+006 | 5001+004
‘._, .
0 , a\\ oo +0.06 | 50.20 £ 0.06
2 Eﬂﬂa f av‘ %0.32+0.11 | 50.19+0.11
4 ol - 0Bk Y W\ 50.36 + 0.06 | 50.18 +0.07
TP .
7| Sos2¥ga 5 : 50.37 £0.04 | 50.20+0.08
10 ' 50.32+0.04 | 50.14+0.07
13 —-----—-----—— 5 ) ’ 3607 | 50.13+0.10
16 #0.07 | 50.14 £0.09

ites after being soaking in each test

The d|amete‘cmged of HDPE/GF co

f‘”‘ﬁuﬁﬁ"flﬂﬂﬁwmﬂﬁ
axmmnsmummmaﬂ
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. HDPE/GF —e—C(E0)A  --¢--C(E85)A
251 (0wt%)

- C(E20)A --a--C(E100)A

% Increase of Diameter

Figure. 5.11 ngﬁ F (0 wt%) composites

-- C(E85)A
0)A --a--C(E100)A

@eter

z% Increaseﬁ-
m.,fw

ﬂiqﬂﬂﬂﬁWHﬁﬂﬁ
QW’]Mﬂ‘WIEW‘l’mmﬂﬂ

Figure. 5.12 Effect of gasohols on diameter change of HDPE/GF (15 wt%) composites
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HDPE/GF —e— C(E0)A --#--C(E85)A

— %
157 (30 wtt) = C(E20)A --a--C(E100)A

% Increase of Diameter

Figure. 5.13 Eﬁ:,e of gasobls on ;f/" - A' DREIGF (30 wt%) composites
.'h l’ l - \ !
/ f 4, (ke f, ‘
From Figs. 5.4#- , diame A;; ’._ diof all GE composites increased by

|
\
\

about 0.5-1.5% after 4 of immersion i and '@iE20), test fuels and leveled off

after that. However, the diameteTof=E!

=t
=7 ':f'f*.’-‘-'

[Dosites immersed in C(E85), and

C(E100), test fuels weresi

AUEINENneng
QRIAN TN INGINY



66

25

E
C(E0)a -—0%GF -8 15%GF --#--30%GF

15 |

% Increase of Diameter

5F composites

05

ﬂUU?Wﬂﬂﬁﬂﬂﬂﬂﬁ
QW’laﬁﬂ“SmW“ﬁTiﬂ’sz
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C(E85)a

——0%GF  -B— 15%GF =----30%GF

% Increase of Diameter

r*

Figure. 5.164Effeg of (¢ 5_ fer cRendk oRRIDPE/GF composites

"wiam eter

ﬁ

% Incr f

SINUNINLINT

Time (weeks)

= |
=

AIRNIUURINGTA Y
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Figs. 5.14-5.17 show diameter change of HDPE/GF composites in each test fuels.
Diameter of all HDPE/GF composites were increased after immersion in C(EO), and

C(E20), test fuels. These are mainly due to the absorption of fuel C into specimens. Test

fuels C(E0), and C(E20), clearly, 4
fuels. The reasons for diagief \Cre 'fF omposites are that the structure
of HDPE samples so » Dy oI\/en ./ﬂtfcu!ar chains are subjected to
large molecular fg s.;;_:.;.éz?eﬁ.—l;;é hae‘gh S@ HDPE (Keh-Ping Chao et

el,C than in C(E85), and C(E100), test

1C || e

ing in polymer (Jones et

Time (weeks)

" C(E85), C(E100),

3.24 £0.04

3.27 £0.04

3.26 £ 0.05

3.29 £0.04 3.26 £ 0.04

3.28 £ 0.01

+0.04

u 3.27 £0.02 ‘ 3.29 £ 0.01 3.28 £0.03 3.27 £0.04

QRN TUANINEG AL
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The trﬁ?nes change

fuels were shrown in F|gs 5.18 - 5.20.

ﬂUEl’JVIEWI‘iWEJ'TIﬂﬁ
'ammnwum'mmw

Time (weeks) Test Fuel
C(E0), C(E20), C(E85), C(E100),

15%GF
0 3.28+0.0 3.28 £ 0.03 3.28 + 0.03
2 3.31£0.02 3.29 £ 0.04
4 1+0.03 3.27 £ 0.03
7 3.29 £ 0.03
10 3.29 £ 0.03
13 3.28£0.02
16 850800 ‘ 3.29 + 0.02

| ll‘- i\‘&\

0 ﬂlm[@; m\\ + 001 3.3 +0.02
2 ﬂm' m\‘ e >3 0.0 3.22 £ 0.01
4 Y f;% _ /ﬂ\\ +0.02 3.23 £ 0.01
7 3254 0 t 24 +0.02 3.23+ 0.01
10 3.23+0.01 3.23 £ 0.04
13 3.22 +0.02 3.23+0.02
A A so7i008 | 5 : 3.23+0.01

‘.. J

-

after bﬁ soaking in each test
L]
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HDPE/GF —e— C(E0)A --e--C(E85)A

(0 wt%)
-— C(E20)A --a--C(E100)A

06 Increase of Thickness

Figure. 5.184 (0 wt%) composites

r-
' -uof Thickness

&
!
|
|

1
=

F

ﬂu&l?ﬂﬂﬁ@ﬁwmﬂﬁ

re 5.19 Effect of gasohols on Uckness change of HEEE/GF (15 wt%) compos S

ﬂmmmmummmaﬂ
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3 | HDPE/GF  —e—c(E0)A --¢--C(E85)A
(30 wt%) -B— C(E20)A --a--C(E100)A

06 Increase of Thickness

Figure. 5.2Quftec f ; ( ICKnes R e' 30 wt%) composites

[ [
Figs. 518-5.% iCkness‘c ge GFeomposites at 0, 15 and 30

wt% increased byg@bo o eks'of imme | , | test fuels and leveled off
- r I,il

after that. Figs. 5.21-5 _.-‘;_—f of HRRE/GF composites in each test

fuels. The reasons for thick : i &t composites were that the structure

of HDPE samples softengs ,ﬂ",' 1hi ” ,g;"

large mohé'}r
L

lecular chains are subjected to

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ
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C(EO)a —0— (0% GF -#— 15% GF -=#=-30% GF

% Increase of Thickness

Figure. !‘5 ; /GF composites

-lil

% GF% -¢--30% GF

9

T|me (weeks)

q W’] AINIAURIINIA Y
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C(E85
(EBS)a —— (0% GF -B— 15% GF --#--30% GF

[%)]
[%)]
()
o
4
(&)
<
|_
Y—
o
()
(2}
@©
()
—
(&)
==

=]
>

r-
easé Hhickness

AUYAINEAINEING

RRMNIBIMING T Y
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5.2.4 Volume Change

The volume of HDPE/GF composites had a positive correlation to the diameter

and thickness result. Refer to Appendix B for the data of diameter and Appendix C for

thickness.

The experimental data after

C(E100),

6.21 +0.07

6.31+0.10

6.28 +0.10

6.28 +0.08

6.28 +0.08

6.33 £ 0.11 6.26 + 0.06

6.35 £ 0.07 6.28 £ 0.08

6.46 + 0.05

S | 6.54%.04 6.46 + 0.08
l {ii

4 6.45 £ 0.07 6.59 £ 0.06 6.55 £ 0.06 6.44 £0.05

M &/
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Test Fuel
Time (weeks)
C(E0), C(E20), C(E85), C(E100),
30%GF
0 6.41 £ 0.08 |'.‘ £ 0.08 6.37 £ 0.02 6.40 £ 0.05
2 6. 6.40 £ 0.01 6.37 £ 0.03
4 .- 6.50 43 + 0.04 6.39 £ 0.04
7 x .53 +0d 45 + 0.03 6.40 + 0.03
10 + .43 +0.03 6.38 £ 0.09
13 - 476 | 4 40 +0.03 6.38 £ 0.03
16 w o3 VO ] 6.46 04 6.39 £ 0.03
The ¥8lumeghar q-' @IBP 0 c8 ¥ 8% peing%soaking in each test
fuels are showg Figl'5/48 — 5.2 '
&
"'l »
- WHDPE/ 0)A ¢ — G(ES5)A
(0 --C(E100)A

“Volume

AuBAngningans
RINIUUMINYAAY
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HDPE/GF ~ —e—C(E0)A ~— C(E8S)A
(15 wt%o) -B— C(E20)A --a--C(E100)A

%;Increase of Volume

&

Figure. 5.26 Effg t of ? ) N vollmese (15 wt%) composites

C(ESB)A
2 - C(E100)A

AUEINBNINGINT

Tlme (weeks)

Bk MNIUURINBINY
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Figs. 5.25-5.27, volume change of all HDPE/GF composites increased by about
1-3% after 4 weeks of immersion in C(EO), ,C(E20), and C(E85), test fuels. However, the
volume of all HDPE/GF composites immersed in C(E100), test fuels were increased only

S

about 0-1%.

% Wgcreaseé of Volume

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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6 - C(E20)a - 0%GF  -B— 15%GF —— 30%GF

N

(<)
1S
=
(@]
>
Y—
o
(¢}
)]
@©
[}
L
(&S]
=)
=S

b= 30%GF

Figure. 5.2 fe i ) / o\ DP /GF composites
Vel \

ﬂUU?Wﬂﬂﬁwﬂﬂﬂﬁ
qwmwﬁmmﬁﬁm’mﬂ
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C(E100)A
— 0%GF - 15%GF —— 30%GF

)
1S
=
o
>
-~
o
®
7
©
o
L
3}
=)
=S

r*

Figure. 5.3 ffe" o’f' " 00) i PE/GF composites

i

.', .rl,r z,‘

Figs. 5.28:3 1‘/' ow Vo u. change of MDPEIGFG8mposites at 0, 15 and 30

¥ o ﬁ g I'Ii

wt% in each test fuels®The reasens for ¢ pCrease in HDPE/GF composites were

T---!

depended on diameter and fiCKR{ Oe increased of volume of HDPE/GF

composites were higher inADPE/GH (0.wt? RPE/GF (15 wt%) and HDPE/GF (30
p gher i ﬂ*/ﬁ-' f’g“v) , o
wt%) co itesal : es S ed by the solvent
and the Mo .u........,-....-.._...._..........,...-_.._......._..................-...... feeh-Ping Chao et al.,
i Y
2006 [46]). =

525 Wat Absorption

bl k) gy TN
ﬂmmmmummmaﬂ

are
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Table 5.7 Water absorption of HDPE/GF composites in water

HDPE/GF (0 wt%) HDPE/GF (15 wt%) HDPE/GF (30 wt%)
Time =
(days) ferae \NT T %Increase frerae %Increase
(9) (9)

0 6.607 0.000
1 6.612 0.068
2 6.614 0.098
3 6.615 0.121
4 a \ Ry 6.615 0.125
5 "'llft Vl \ 6.616 0.141
6 lk ‘ﬁ'\"\k\ 6.618 0.166
7 l. m\\ 6.619 0.178
8 M"f m \ 6.618 0.169
9 8 0% /d‘x‘ 6.620 0.194
10 ‘l« 049 6.620 0.202
11 0W56 6.621 0.212
12 5.403 0.057 6.622 0.221
13 [f‘&622 0.232
14\ : 3#622 0.233
16 W 604 0.254
6.624 0.262

6.625 0.269

6 0.282

ﬁ:i 0.286

6.626 0.286
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0.4

HDPE
—— (0% GF -B— 15% GF =-=-¢--30% GF

o
w
T

o
(N

Water Absorption (%)

posites

pdorptio l"'. i MDRE/GF composites. At 0
Wt% increased abou " 037%, Eloe Jy abo E‘u 083% and 30 wt% increased
about 0.302% . Glass condié et op hat absorbs water. The percentage

water absorption of HDB cased with increasing glass fiber

o

content fromk0 to e mafly due to HDPE no

absorptio x

=t =
5.3 The Effeyof Gasohols on Mechanical" Properties -:II

GANUNINEANT--

0 gand 30 wt% after being soaklng in each test fuels for 0, 4, 10 and 16 weeks are

showed in Table 5.8.

Qmmnmwwrmmaﬂ
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Table 5.8 Tensile strength (MPa) of HDPE/GF composites in each test fuels

Time (weeks)
Test Fuel
10 16
\\H’I/ %
C(E0), 24 21. 9 é 19 +0.48 17.86 £ 0.13
C(E20), 950"+ 0.26 17.95+0.23

C(E85), $0.47 20.47 £0.29

C(E100), 22.76 + 0.40
C(E0), 15.52 + 0.38
C(E20) 4 16.96 + 0.18
C(E85), 16.59 + 1.44

C(E100), 17.70 £ 0.55
C(EO), 84,0304 1290 416+033 | 17.23+0.86

C(E20), 2318+ 045 | 19.52+0.47
C(EB)) oée V| 22.45+025

C(Eu@ 7 J 23.66 + 0.17
e |

I \ i |!

| i L]

The leentage reduction of tensile strength of HDPE/G mposites after being
soaking in each tttm are showed in Figs.5. 88

AU V]EWI‘J'WEJ'Iﬂ‘i
*qmasanswwnwmw
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20

HDPE/GF —o— C(E0)A —-6— C(E85)A
10 (0 wt%) -B— C(E20)A  --a--C(E100)A

-\%l ecrease of Tensile Strength

of enSileistrength of

C(ES5)A
--a-- C(E100)A

w 7 Tim (weeks)

R ANTRURIINYNA Y

HDPE/GF (15 wt%) composites
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HDPE/GF ~ —e—c(E0)A  —— C(E85)A

On
\ (30 Wt%) -B— C(E20)A --a--C(E100)A

%Decrease of Tensile Strength

Flgure .35"' of of gasol Drtleareasdlof fefisile strength of

psOakec amples were increased with
increasing fiber con Ent frd f* g Wt%: ersioh in each test fuel, the tensile
strength were clearly decrg Jring.the ecks. Fig. 5.33 shows the reduction

of about 15483% 5 of immel ME20) test fuels for tensile

strength of-HDPE/GEA0-wi%)-composiies.Thereduction of.abo

2% after 4 weeks
of immersio ' 8 v.vd- € reduction of about
20-45% after‘]|v eeks of immersio 0), and C(E20), test " Is for tensile strength

of HDPE/GF ( 15{t°/i composites. The reduc of about 10-42% after 4 weeks of

AUEINE Wﬁ%ﬂﬁﬂ I

HQ/GF (30 wt%) composites. The reduction of about 27-34% after 4 weeks of

immersion in C E85 and C( E1OO est fuels. Test fuels and C(E20), clearl M
absorption of uel C |nto spemmens an fuel has high solubllity value for
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(Barrett et al., 1999 [47]).The percentage reduction of tensile strength of HDPE/GF
composites were higher in C(E0), and C(E20), than C(E85), and C(E100),.

ot e —— —

AN

-

l

ase of Tensile Strength

YoDecre

casaill tensile strength

pOsites

AUEINENneng
QRIAN TN INGINY
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20

C(E20)a
—0— 0%GF - 15%GF =-¢--30%GF

-\%l ecrease of Tensile Strength

tenSild strength

0GR - -¢--30%GF

#fe Strength

ﬂu 60 HVNINWEANT

Time (weeks)

RIANT wm;fmm Y



87

o0h C(E100)n _g—oyGF -m— 15%GF --#--30%GF

%Decrease of Tensile Strength

eds@iof tefisile strength

3tio : tensile strength of HDPE/GF
composites in each test TUSks he—dee "Was mainly due to the swelling and

plasticizing effects of | o which can swell polymer and

elastomek @mens (Keh-Ping

Chao et ,' ; gwta e reduction of
a‘ LA :

tensile stren‘jﬂ] of in )ﬂE/GF (30 wt%) and

awt%) than HDPE/GF (0 wi%) composites, but the

strength of HDP‘S wt%) and HDPE/GF WN'[% were higher than HDPE/GF (

i :mﬂ NINBANT
Qmmn‘smnmmmag

HDPE/GF (1 tual values of tensile



88

5.3.2 Young’s Modulus Properties

The results on comparison of the young’s modulus of the HDPE/GF composites

at 0,15 and 30 wt% after being soaking in each test fuels for 0, 4, 10 and 16 weeks are

showed in Table 5.9.

Test Fuel
16
C(EO), 0.32 +0.02
- 1
C(E20), E E\\ 0.33 £ 0.01
C(E85), 'ﬂ\ \ +0.01 0.42 + 0.01
J s rl’r L
C(E100) ﬁ £0 == _ 0 1\ 66 +'0.01 0.64 +0.02
' / 15% \1
C(E0), 0.36 + 0.03 0.32 +0.01
C(E20), 0.33 +£0.03 0.32 +0.01
C(E8 0.44 +0.02
0.65 + 0.01
= e}

C(EO)AJU 3.97 +0.17 0.66 + 0.05 O.GBM.OQ 0.49 + 0.01
C(E20), ¢ e 07:017 0.66 + Q8 0.59 + 0.06 0.49 +0.01

1 | [ 1 3 I i L H i p— 1 ] Y -
jC(E1OO)A 3.97 +0.17 1.65+0.19 1.10 + 0.09 0.67 +0.01

QRIAINTUNRINYINY
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The percentage reduction of young’s modulus of HDPE/GF composites after

being soaking in each test fuels are showed in Figs.5.40-5.42.

Young's Modulus

RoDecrgase ¢

-t.afgasct 5 Se8f young's modulus

S HDPE/GF posites

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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20 | HDPE/GF

—— C(EO)A -6— C(E85)A
(15 Wt%) =0 (559

- C(E20)A --x--C(E100)A

_ %Decrease of Young's Modulus

5 modulus

— C(E85)A
0)A --&--C(E100)A

ws Modulus

|

oDecrease 1? (

s

Time (weeks)

=

[InEa Y

|
wit%) composites
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As expected, the young's modulus of all unsoaked samples were increased with
increasing fiber content from 0 to 30 wt%. After immersion in each test fuel, the young'’s

modulus were clearly decreased during the first 4 weeks. Fig. 5.40 shows the reduction

neiog in C(E0), and C(E20), test fuels for the

foss reduction of about 3-38% after 4
sFi g. 5.41 shows the reduction of
' @O)A test fuels for young’s

about 54-78% after 4

clearly had e fuglfC t n,"" { Jestfuels hese were mainly due

to the absorptiong®t fuglfCiffo speaffuent & el niofMsolubility value for HDPE
(Barrett et al., 1999 4 71)#THe -!,-*-P?: ;-: guction®of young’'s modulus of HDPE/GF
l‘,. L2 - - : ¥ \ 1
Gherfih C(EO
[

— ; F i_ \
__.'::'? :'_: diihan C :l'k‘ )d C(E100),..

S—

It g g

P e o L
P .

composites were §

1‘-‘
.

AULINENTNYINS
RIANTUNRINAE
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20 C(E0)a
—— 0%GF -#— 15%GF -— 30%GF

_ %Decrease of Young's Modulus

modulus

b1 50%GF —— 30%GF

'MS Modulus

z%Decre_ase Of 4
— | I+

w 7 Tie (weeks)

ARIaNA w URIANBAY

of HDPE/GF composites
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20 C(E85)a
—— 0%GF -B— 15%GF =-e— 30%GF

0

t

_ %Decrease of Young's Modulus

L woungd®Smodulus

= 30%GF

ar'as Modulus

(o2}
o

qDecrease of
aJb
-

Time (weeks)

R ASNINURIINYNAY

of HDPE/GF composites
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Figs. 5.43-5.46, show the percentage reduction of young’s modulus of HDPE/GF
composites in each test fuel. The decrease was mainly due to the swelling and

plasticizing effects of iso-octane i.e., the alkane group which can swell polymer and

elastomer (Jones et al., 2008 [34 gl enge absorbed into specimens (Keh-Ping
Chao et al., 2006 [46] and YAka/ne | , ) 1). The percentage reduction of
young’s modulus of HEPEX ReBothposited o€ fighEr in HDPE/GF (30 wi%) and
HDPE/GF (15 wt% sher DPE I' - ‘ actual values of young'’s
modulus of HDP ‘ ' 2, WIS areshigher than HDPE/GF (0

iAgsdiller in these composites

E/GF composites at

0, 15 and 30 wt% B ip soaki '4‘.& 0 and 16 weeks are

i -

showed in Tabfe 5.4@F - ,«:T

2 ‘r"
Table 5.10 Impact st kJd/m’) of HDF mposites in each test fuels

16
T » u
C(E0),! 1 f . . 20.55)&|1.52 20.71 £ 0.62
C(E20), ‘ 18.69 +0.53 20.72 £0.42

ARIAN TN INGAE
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Time (weeks)
Test Fuel

0 4 10 16

15%GF

C(E0), 16.384. ¢ \\ ‘ﬂi 21.03 £1.45 21.23 £0.67

C(E20), O g 20.73 £ 1.82 21.26 £0.94
;-Q__ :

::-_-._,
C(ES5), _"-‘!-ua D721 B0l g6 + 0.45 | 17.36 % 0.96

—

C(E100 16 6O DEg | el 106 | 16.49+0.78
(E100), \‘\:'\

e

777/ A\
ClED), ' ll l‘lll ;\\\‘\\ 063 | 2280+1.12
C(E20), -- | llﬂ.:m ~‘\\ : 193 22.04 +2.30
SV EANNS

Lo

0. 048+ 13 & # /
= 7 ok
J : -

| KX

. I e ¥ .v I". ! . . .
Th ag efigth changelof' HBRE/GF camipos fter b K
e impag@t strefigth ¢ '-"'E.?E: D! ole "a,’ s after being soaking in

each test fuels are shg

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ
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48 +
HDPE/GF —e—C(E0)A —— C(E85)A
40 [ (Owt%) & C(E20)A --a=--C(E100)A

-'\% Ipcrease of Impact strength

impagt strength

C(E85)A
--a=4 C(E100)A

rfgstrength

w Time (weeks)

R ANATRNRINENA Y

of HDPE/GF (15 wt%) composites
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60
. HDPE/GE  —*—C(E0A —+— C(E85)A
50 - (30 wt%) - C(E20A  --a--C(E100)A

% Increase of Impact strength

Selof MpPect strength

L . .
As expected, fife inps .._f. pakedisamples were increased with
4’ ‘r‘_. :‘, ' .

increasing fiber oontent frOM—O=o=30 immersion in each test fuel, impact

strength were clearly ingie# g
increase@ - 30-45% after 4 weeks o
the impac‘ v ; :
and reducticﬁ ab PE/"_‘
Fig. 5.48 sh H ‘the percentage increased about 22-32% aftermlv

C(E0), and C EZ‘ “fuels for the impact str . The increased about 5-8% after 4

guiAnINENT

7% after 4 weeks of immersion in ?EO and C(E20), test fuels for the impact stre

ARIANN SUARIINGIAY

impact strength was mainly due to the specimens were tough and required high energy

ig. 5.47 shows the percentage

ﬁ 20), test fuels for
=

r%ersion in C(E85),

(0 wt%) composites.

eeks of immersion in

to break. Test fuels C(E0), and C(E20), clearly had more fuel C than in C(E85), and
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C(E100), test fuels and fuel C has high solubility value for HDPE (Barrett et al., 1999

[47]). The impact strength of specimens were increased in C(E0), and C(E20), test fuels.

% GF —— 30% GF

pact strength

crease of

,,'

. AT 7 T |
Figure.’5.50 Effecto ’F{'E; Bse offimpact strength

- ‘tlul:n Wipdr 1")
P50

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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60 |
- C(E200a  _e—(0wGF - 15%GF —+— 30%GF

-'\% Increase of Impact strength

S\0i. im P strength

—— 30% GF

1
\

@t strength

w ime (Week
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20

C(E100)a  —e—0% GF - 15% GF —— 30% GF

- % Increase of Impact strength

i

Figure #.53, 'J inGroase offinpact'strength

Figs. 5.50 .r"‘ ;’L -’.'I.Eu; ge ai'=\ cd%end reduction of impact

strength of HDPE/GF, Ompo gach i khe MErease of impact strength was
mainly due to the swelling ards N Cts of iso-octane i.e., the alkane group
which can swell polymerah

into spee@

specimen‘ \

008 4]) and toluene absorbed

] @ 1998 [48]). The

gfuels C(EO), and

1
- -

C(E20), Cleaﬂvad E10d@est fuels. The impact
i i
strength of spp&€imens were increased in C(E0), and C(E20), t uels. The percentage

reduction of mp!tﬁgth of HDPE/GF compus in C(E85), and C(E100), test fuels

AUEINENEHE

DPE/GF (15 wt%) were higher tthDPE/GF (0 wt%) S|tes Hence, the GF ti

ARTRIMT UMINYINY

BO wi%)
%) and
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5.3.4 Flexural Properties

The results on comparison of the flexural strength of the HDPE/GF composites at

0, 15 and 30 wt% after being soaking in each test fuels for 0, 4, 10 and 16 weeks are

showed in Table 5.11.

e —
Test Fuel
53 16
il
%

C(EO), 2696 . +159 | 18.92+267
C(E20) 8 9+ + 0+%47 | 18.95+3.86
C(E85), 26§59 42,04 + 1.2 196 | 20.31+1.69
C(E100), 6.9 +3.34 | 2152225

[,
C(E0), 77 844154 | 20.12+2.04
T —

C(E20), 35.7% 21.29+1.04 | 18.68%0.67

C(E 17| 21:33+054
S
C(E1 20.78 + 0.63
- o
C(E0), ™ | 39.35:4.00 | 18.32:062 | 2546+%.62 | 18.97 +0.44
(E20 : 85 + 4. g | 2541+1. 19.39 + 0.39
L] L]

r. ] ] iy o
g ) SO Ivell [ baer
Q€c100), 30354400 | 2436+158 | 2957+075 | 21.96+0.33

ARIAN TN INYAE
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The percentage reduction of flexural strength of HDPE/GF composites after

being soaking in each test fuels are showed in Figs.5.54-5.56.

"/ —— C(ES5)A
BT W ¥ C(E100)A
| e — 2 e ——

3 W\ — e —

.A__- foi . ‘-‘--'

poDecraase ofiFlexural Strength

."

BEgasohol: gcreaselwf flexural strength

FHDPE/GF posites

AUINENINYINS
RIAINTUNRIINYIAE
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HDPE/GF —e—C(E0)A —+— C(E85)A

(15 Wt%) = C(E20)A -=-a=-=-C(E100)A

o

N
o

[N
o
e
-

@
S

ecrease of Flexural Strength

5
N

LI.

%D

flextral strength

& C(ES5)A

--a-- C(E100)A

Strength

Tlme(weeks) |
1 Okuiw WCre eo1c Iewsﬂﬂtq a ﬂ
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As expected, the flexural strength of all unsoaked samples were increased with
increasing fiber content from 0 to 30 wt%. After immersion in each test fuel, the flexural

strength were clearly decreased during the first 4 weeks. Fig. 5.54 shows the reduction

ion of about 10-25% after 4 weeks
of immersion in C(E85) CIET60! _ 85 shows the reduction of about

30-48% after 4 weeks-ofmmersion i fuels for flexural strength

of HDPE/GF (WJ : e ction -42% after 4 weeks of

more fuel Ca | ( 5) ‘1 f'!d"' Vere mainly due to the

lubility value for HDPE

(Barrett et al.; 1999 7 he {,-e“'-" ductio g o ural strength of HDPE/GF
v lr e = _' - : ] .l
composites were § hjér C(E0)pArRICtE hanC 85)."ahd C(E100),.

ares \

S—

It g g

P e o L
P .

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
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=
(o)

C(EO)a —— 0%GF -B— 15%GF --#--30%GF

ecrease of Flexural Strength

96D

Nl U trength

5% -¢--30%GF

@I Strength

im (weeks) ’} ' ﬁ
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=
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(E85)a —e— 0%GF -B— 15%GF --#--30%GF

ecrease of Flexural Strength

96D

\!
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----30%GF
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Figs. 5.57-5.60, show the percentage reduction of flexural strength of HDPE/GF
composites in each test fuel. The decrease was mainly due to the swelling and

plasticizing effects of iso-octane i.e., the alkane group which can swell polymer and

elastomer (Jones et al., 2008 [34))} ¥ olgene absorbed into specimens (Keh-Ping

f ). The percentage reduction of
/W in HDPE/GF (30 wt%) and

actual values of flexural

Chao et al., 2006 [46] and

th of the HDPE/GF

composites at 0, 4o, - fterbeingheoaking fuels for 0, 4, 10 and 16

posites in each test fuels

eecks)

16

.ﬁ 110.97 + 2.65
L]
55 | 115.85+ 1.59

104.90

117.01 + 1.54

ARIAN TN INGAE
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Test Fuel Time (weeks)
0 4 10 16
15%GF

C(EO), 123.56  2.75 N WE <b. 111.92+6.33 | 133.64 +4.19
C(E20), 3. 560 N\ 1P o | #1521 +759 | 12859 +8.11
C(E8S5), GOTOOY 127.81 L 7BOM1 1888 + 410 | 117.03+3.72
C(E100), | 128.20 + 7.55
C(EO), 144.27 +2.29
C(E20),. 151.40 + 11.22
C(ES5), 157.05 + 11.33
C(E100)] 160.72 + 1.39

i

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ
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40 ¢

. HDPE/GF —e—C(E0)A —*— C(E85)A
32 | (30 wt%)
i - C(E20)A  --a--C(E100)A

q{ncr.-ase of Compressive Strength

7S ive strength
3
DPE, 3!-'(

r g Sl

] ‘ s -If"_ '
. L f !;—d_;_liw 4 I“ : .
Figs. 5.61-8 ? gompres --ﬁr'. /GF'e@mposites at 0, 15 and 30

"r " ‘ . ”

wt% were no trend, gifchal --—‘—--4 ale ere 'sllpown compressive strength of

HDPE/GF composite S for compressive strength no trend
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40 ¢

. C(E85)a ——0%GF - 15%GF —®— 30%GF
32+

‘-o{ncr.-ase of Compressive Strength

jve strength

30%GF
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(e}

@pressive Strength
N
N
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CHAPTER VI

CONCLUSIONS

The results obtaig@ekiren: ' &ed as the followings:
1. The morPhOIOGY-Of £ r@d that there were good

2. Mechani @S, » n P ‘_h"---.x;_gn_o of all unsoaked
samples increased i | : , %.

3. ThedMain ; ) v k[ E; aposites were due to
absorption of iso-g afan 'I Y e-ar 10| I » \ Slom test fuels into HDPE.

4. Tas#uelsgfontdhnigly et e OMBSS) ,, and C(E100) ,,
had less effecto hy al gropertief # oE/GF g Sitégithan test fuels containing

lower amount Bf ethafol, | AB(ES u't:’ 4 A o.[‘. effetts of higher content of

r E i) 1
ethanol in test fuel e ess on n.*,.Wj gfopertieg'®f HBIPE/GF composites.
/ Vel *.
5. HDPE/GF ¢ e h gas@hols especially with fuels with

high ethanol content.

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
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APPENDIX A

Mass of HDPE/GF Composites

Appendix A-1
Test Fuel

13 16
5.67 5.67
5.62 5.62
C(EO), 5.61 5.60
5.58 5.57
5.61 5.60
Averagé 5.62 5.61
suev | fooff | ol % g\ | 003 | 004
%stdev |l Off1 V| Dibd {2 0 ‘ 063 | 060 | 064
‘ } 5.68 5.67
5.67 5.67
C(E20), 5 497307 'J:H: . | 566 | 565
5.60 5.60
5.65 5.65
g8 =, 565 | 5.65
Stdev W 0.05 0.0 0.03 0.03 0.03
%Stdev o 94 1.43 0. 42 0.54 0.55 0.54 0.53

ﬂUEJ’JVIEWI‘iWEJ'm‘i
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Time (weeks)

Test Fuel No.
0 2 4 7 10 13 16
1 551 | 574 | 4565 | 565 | 563 | 563 | 561
2 5.48 Wl |15 74 |, 5.49 5.49 5.48 5.47
C(E85), 3 557 | 556 | 555
4 69 | 5. = 558 | 557 | 556
5 550 3 55 7 548 | 548 | 5.46
Average _A® O /55 ' : 555 | 555 | 553
Stdev—=2® |02/ /0 O, Ty, O . 0.06 | 0.06
wstidevia?® | s d7=¢ 1! 4 | 114 | 113
14 of A 3553 | 553 | 552
. saf s 510 05,58 0 | 550 | 550
C(E100), | 3l A 4'9"‘ - . 551 | 551 | 551
- 5.4 542" 4 42 | 542 | 542
5 i | ' BN ' 1 Wl 541 | 541 | 541
average | P45, SPBBe 5! 547 | 547 | 547
Sidey 00585 1 0.05 | 005 | 005 | 0.05

- —

YStdev 0.8 00 | 098 | 097 | 0.96

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl



Appendix A-2 Mass of HDPE/GF 15 wt% (g)

120

Test Fuel No. - fime (weeks)
0 i 7 10 13 16
1 5.8 ¢ 613 | 611 | 610 | 6.11
2 g RU*6.16 | APC15 | 613 | 613 | 6.13
C(EO), 7 { 6.1% )5 6.15 6.14 6.15
v, 16 6.14 | 613 | 6.13
= /A |\ : 618 | 618 | 6.18
Average . o 0 6.1 4 W6 6.14 | 614 | 6.14
Std 0 0403 i, 0'G8, 03 0.03 0.03
wsidevg? I offaf | ). 0. 4 41 | 043 | 041
4V ‘ A 612 | 611 | 6.11
, F offo | d6k: 6,03 D623 | 622 | 622
C(E20), 3 4 | o8 23498 2% : 622 | 622 | 622
W 6.13 B , oW 628 | 627 | 627
5 3 | 612 | 611 | 6.11
Average 6,05, ==6- 621 | 619 | 619 | 6.19
Stdev 0.0% 0,67 0.07 0.07
%8ide : : . . ﬁl‘? 116 | 1.15
A i 6.16 | 6.15

: s
i 2 6. 6.14 |{|B.13 | 612 | 6.11
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Test Fuel No. fime (weeks)
0 2o 4 7 10 13 16
1 6.01 : . 603 | 6.02 | 602 | 6.02
2 3. ¥ iy 604 | 604 | 604 | 604
C(E100), 3 8 601 | 700> | 601 | 601 | 601
| 5.94 95 595 | 595 | 5.95
¥, 6.0 : : 6.06 | 606 | 6.06
Averageg® | 48007 /180 D602 | 602 | 6.02
Stdev_ g 0 0.0 : 0.04 | 004 | 004
%St ' F7 a0 | 0} 2 | 072 | 072

Appendix A-3  Ma#S of #iDRE/

B

.l':_ , | - ry - 5)>

Test Fuel o |

1 : 6.90 N o | 683 | 686 | 6.86

2 6.88 === 703 | 701 | 700 | 7.00

6.77

6.75

6.75

6.83

0.11

1.59

ARIAN TN INGAE
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 657 | 669 | 669 | 670 | 669 | 667 | 6.67
7 6.56 ' 669 | 668 | 666 | 6.66
C(E20), 3 ' é 673 | 671 | 669 | 6.70
4 6.65 af 665 | 663 | 663
6691 6.9 2 682 | 679 | 679
Averag P61 671 | 669 | 6.69
Stdev. fo 006 | 006 | 006
%Stdev 9 0.9 095 | 093 | 092
1 5 6 N [0 | 670 | 6.68
| ¢ 6. 6 84 | 684 | 683
cess), T 3 \| 663 | 663 | 66
/ 4 || 6.72 671 | 671 | 669
5 670 | 670 | 6.68
Average 6.65 4l ke 3% 672 | 671 | 6.70
Stdev ' W | 008 | 008 | 008
%Stdev Lttt 116 | 147 | 147 | 147
~ 649 | 679 | 679
L ; ) 662 | 6.62
C(E100)§ A\ 0 673 | 673
I« 6. 659 |||Bss | 658 | 6.58
6.66
6.67
0.08
‘ ai %Stdev 1.25

QRIANTAUNRINAY




Appendix A-4 %lIncrease of Mass on HDPE/GF composites

HDPE/GF (0 wt%)

123

Test Fuel
Time
C(EO C(E85 C(E100
(weeks) (E0), (E85), ( )
Avg | %l oineT %Increase | Avg | %lncrease
0 |545 8ol 50 | 000 epu 0.00 5.45 0.00
2 5.63 58 T 1.oh 1.94 5.50 0.95
4 570 | ; 1.29 5.48 0.66
7 5 19 . .37 5.48 0.57
10 5.62 4 2 1 5.47 0.52
13 5.62 34 59 1.11 5.47 0.51
16 : 96 6 7 2 5.47 0.48
HDPE/GF (15 %) J [
/i st Fuel
Time 5 :
(EO 2 C(E85), C(E100),
(weeks)
Avg | %Mcre AVC %Increase | Avg | %lIncrease
0 6.00 0.00 0 6.06 0.00 6.00 0.00
2 17 6.01 0.13
{ i
4 #9{ 6.02 0.27
7 1o =T 6.02 0.26
— i
10 6.]”1‘ 2.29 6.13 | Wlh .24 6.02 0.21
6.02 0.19
0.19

9
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HDPE/GF (30 wt%)

Test Fuel
Time
(weeks) C(E0), C(E20)A C(E85), C(E100),
Avg | %lIncrease cgease | Avg %Increase | Avg | %lIncrease
0 6.72 \'\\ ‘,’” 0.00 6.65 0.00
2 6.86 1.09 6.67 0.26
4 6.75 1.19 6.68 0.44
7 1.26 6.68 0.41
10 6.67 0.32
13 6.67 0.31
16 6.67 0.29
Appendix A- " %ing a_‘,s s on D ase on Polymer Matrix)
HDPE/GF (0 ')
Time = .
(weeks) . ———.C(E “ C(E85), C(E100),
Avg -_h,:_-“...-i 2as Avg | %lIncrease | Avg | %lncrease
0 . 000~} "7'27 48 | 000 | 545 | 000
2 ' | 558 | | 550 | 0.95
4 566 | 548 |  0.66
/ 5.48 0.57
10 3.07 5.64 5.47 0.52
. . 5.47 0.51
!‘.’l“i’lﬁﬁ’ ‘5 Ilﬂih
- |

ARIAN TN INGAE



HDPE/GF (15 wt%)

125

Test Fuel
Time
weeks) C(E0), C(E20) C(E85), C(E100),
Avg %lncrease Avg | %lIncrease | Avg | %lncrease

0 6.00 0.00 6.00 0.00
2 6.17 1.29 6.01 0.15
4 6.04 1.55 6.02 0.32
7 1.70 6.02 0.30
10 1.45 6.02 0.25
13 1.38 6.02 0.23
16 6.02 0.23

HDPE/GF

Time
(weeks) : C(E100),
Avg %f %Increase | Avg | %lIncrease

0 672 | 0.00 | 665 | 0.00
2 6.86 1.55 6.67 0.38
4 6.75 1.70 6.68 0.62
7 ||, Basl | @ 668 | 058
10 ] ; 672 | 4‘1, 6.67 0.46
13 E .44 6.67 | 044
16 ‘. ; 2.39 6.69 2.30 6.70 A2 6.67 0.42

ﬂUEJ’JVIEWI‘iWEJ'm‘i
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APPENDIX B

Diameter of HDPE/GF Composites

Appendix B-1 Diameter of H

o F weeks)
Test Fuel : —
] 10 13 16
5 50.1) 0.2 49.98 | 5012 | 50.12
2 490071/ 50.08 "\ \50% Qs 49.91 | 49.98 | 50.03
C(E0), | 34 5 0.2 49.99 | 50.16 | 50.09
4 a9odf .49 48, 79 | 4991 | 49.84
g Joff 0.0MMN40.82 | 49.96 | 49.95
aerde J | A Y 5 0 90 | 50.02 | 50.01
Stdev offt | ZB2% 0.10 7% 009 | 011 | 011
wsiiev M| # 24 0880 8 1N | 019 | 021 | 023
058 paME R 15 | VOB 13N 4992 | 5009 | 50.07
2 4945 : ‘ 9 | 49.92 | 50.07 | 50.08
C(E20), 3 | 4943==80-10s 50.12 | 49.86 | 50.01 | 50.04
4 i " 49.93 | 50.04 | 50.06
i i
k | Aep | 50.02 | 50.03
Avérade .4 50.05 | 50.06
= =
Stdeﬂ', : 02 @'04 0.03 | 002
%Stdevv 0.14 | 059 0.06 0.05 | 0.0 0.07 | 0.04

ﬂUEJ’JVIEWI‘iWEJ'm‘i
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 49.44 | 5019 | 49.94 | 49.94 | 49.81 | 49.78 | 49.78
2| 4948/ J Jogo | 49.77 | 49.70 | 49.68 | 49.61
C(ES5), 3 Iof 144050 | 49.60 | 4953 | 49.46
41 %50.13 | oo 074 | 4972 | 4970 | 49.68
ad | 50.@ 49.68 | 49.63 | 49.62
Averag = Y, Y AQ.7: : 9.70 | 49.66 | 49.63
Stdev g JSIVE 0,16 . 008 | 009 | 0.12
%Stdev. o S o1 0. 015 | 019 | 0.4
1 4 b - 4 h45 | 49.45 | 49.49
L f| TET, AW W o 5s | 4951 | 495
cet00), T 34 | foF ok 446 | : 4840 | 49.40 | 49.40
p | g" 6 | i 49.48 o MN49.46 | 49.43 | 49.45
s ff | e 9. 4946 | 4946 | 4943
Average 7 [|ff40.42 _ 1 51| 4946 | 49.45 | 49.46
Stdev adosOd 1 L 05 0.05 0.04 0.06
%Stdev 0.,46,=F=0- 041 | 010 | 008 | 0.11

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl
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Appendix B-2 Diameter of HDPE/GF 15 wt% (mm.)

Time (weeks)

Test Fuel No.

13 16

50.39 50.46

50.28 50.29

C(E0), | 90=f 50.4 7 2 50.42 | 50.45

50.39 50.42

50.32 50.31

Average ¥ 4968/ 3, Baad, 50.36 | 50.39

Stdeyd® o 0f o7 | 10,045 Qs N 006 | 008

%Stdev 4 IL Ot oW m | 012 | 047

50.32 50.32

50.42 50.45

C(E20), |’ 90.04 B0, ‘ ‘ 50.46 | 50.48

50.47 50.48

50.43 50.43

- — = : -
Average O==50-49— : . 50.42 50.43

Stdev e ﬂf’ . 0.08° . 0.06 0.06

J -] 009 | h 0.12 | 0.13
V)

AUINENINYINS
QRIAINTUNRINYIAY
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ﬂUEJ’J‘VIElVﬁWﬂ'm‘i

Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 50.02 | 50.17 | 50.17 | 5027 | 50.17 | 50.11 | 50.13
2 50.0 8 pog7 | 5030 | 5022 | 5018 | 50.17
C(E85), 3 Fof 45026 | 5019 | 5018 | 50.18
4 %50.18 -5 50.19 | 50.26 | 50.17
=4 50.08 50.02 | 50.01 | 50.03
Averag "5 P/50.1 016 | 5015 | 50.14
Stdev. ™ | 08/ //d0 008 | 009 | 006
%Stdey. "9 [ fo1 016 | 018 | 0.3
1 5 %00 | 50.05 | 50.03
r Js | 50 05 W098 | 50.03 | 50.00
ce00, T 3 1y 0.l 5k, 5di 50.00 | 50.01 | 50.03
p 5008 0.08 3 Mll50.02 | 50.00 | 50.06
Y AV 9! 49.97 | 49.90 | 49.95
Average 7 /(fff50.03 4 04 % 50.00 | 50.00 | 50.01
Stdev % | o002 | 006 | 004
%Stdev 2 E 0.15 | 004 | 012 | 0.08

'QW’]MTI‘ENHW]'WIH’IMJ
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Appendix B-3 Diameter of HDPE/GF 30 wt% (mm.)

Time (weeks)
Test Fuel No.

0 s 10 13 16
\‘\‘ﬁﬂy oy | 50.46 | 50.47 | 50.46

..D\\ 5015/ | /e 50.30 | 50.36 | 50.34

C(E0), 045 50.38 | 50.37
50.45 | 50.45

50.47 | 50.51

Average ﬂ \5 ‘ . 5042 | 50.43
Stdeyd I ] )05 ) 005 | 007
%Stdev LAY 010 | 0.14
50.42 | 50.31

‘ ‘ 50.44 | 50.25

C(E20), | 14 E0sly _ . 50.44 | 50.25
' 6D} 1 50.38 | 50.14

----- 5056 | 50.29

Average 50.45 50.25
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Time (weeks)
Test Fuel No.
0 2 4 7 10 13 16
1 50.20 | 50.18 | 50.19 | 50.16 | 50.17 | 50.13 | 50.15
2 50.1 o2/l $0.08 | 5022 | 5007 | 50.08 | 50.06
C(E100), 3 P lys023 | 5021 | 5016 | 50.18
4 0.06 o 50.08 | 50.02 | 50.06
=4 50.39 o 50.19 | 50.28 | 50.26
Averag 5 ¥ 50.1 014 | 50.13 | 50.14
Stdev. ™ | S g 007 | 010 | 0.09
%Stdev 4 0.2 013 | 019 | 017
Appendix B-4 @8Incr  e . | )i me PE ite
HDPE/GF (0 wi% .r"
f 'S [
Time v o~
(weoke) ON 5), C(E100),
Avg | %Ingfea b A %Increase | Avg | %lncrease
0 |49.41 0.00 49.44 0.00 49.42 0.00
2 | 5007 = 0.83 49.56 0.29
, i
4 0.19
7 0.18
0.09
0.06
0.08

ARIAN TN INGAE
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HDPE/GF (15 wt%)

Test Fuel
Time
(weeks) C(EO0), ,C(,EZO)A C(E85), C(E100),
Avg | %lIncrease Yolfcia Avg | %lincrease | Avg | %lncrease
0 49.98 0.0 .02 0.00 50.04 0.00
2 50.43 49 0. J 0.28 50.02 -0.03
4 50.44 . . ).47 |%F 0.9 - 0.36 50.04 0.01
"'__-—-i_:
7 50.4 .99 1 .50 50.04 0.01
10 50,27 O. 9 50.00 -0.08
13 50.36g#0.7 2.4 o 1 27 50.00 -0.08
16 | 50° Jf 3 % 50.01 | -0.04
HDPE/GF (30 wi%j
/ ,," 7 Test
Time - L
0)a 5 C(E100
(weeks) _)“ : a ( h
Avg | % nfease. - Al %Increase | Avg | %lIncrease
0 50.15 0.00 . 0.22 0.00 50.20 0.00
—
2 50.51 0.72 J .32 0.21 50.19 -0.01
4 5 0. ) 50.18 -0.03
7 50.20 0.01
1 [}
10 50:353 ,E?O 50.14 -0.10
13 5QA2 0.55 50.45 0.59 50.31 MQ 50.13 -0.12
5043 50.25 019 1 50.29 0.15 50.14 -0.10

_LIEJ’JVIEWITWEJ’M‘i
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APPENDIX C

Thickness of HDPE/GF Composites

Appendix C-1 Thickness of H

o F weeks)
Test Fuel : —
] 10 13 16
0, 3.26 . 327 | 327 | 326
2 398 /13424 g S0, 328 | 326 | 327
C(E0), | 34 I § ¥ : 330 | 325 | 325
4 4 .. & 7 | 325 | 326
v ) 3 BOONN 329 | 326 | 3.30
averdle | Fod : o8 | 326 | 327
Stdev | 0 GO 0.02 2% 001 | 001 | 002
wsiiev M| # 47 00 58) 1N0SA | 044 | 024 | 060
520 SATERES | 329 | 328 | 329
2 32T A F B2 : 8 | 331 3.31 3.31
C(E20), 3 Wl — = 328 | 325 | 328 | 3.28
4 ol " 331 | 330 | 330
i )
k | daj) | 528 | 328
Avérade W82 | 320 | 320
) 0,
Stdeﬂ', . 01 @ 03 | 001 | 001
%Stdevv 115 | 0.71 0.49 0.21 |07 040 | 0.32

ﬂUEJ’JVIEWI‘iWEJ'm‘i
'qmmnswm'mmw
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 328 | 332 | 832 | 335 | 333 | 333 | 331
2 323 ARA I p2p | 324 | 324 | 321 | 323
C(Ess), | 3 ' VA2 y330 | 320 | 328 | 3.30
4 3.28 328 | 329 | 329
et 328 | 3 327 | 322 | 327
Average=asi o .27 ¥ : 3.28 3.27 3.28
Stdev.a® | 027 V7704 Nh0.08 N0 Mg 003 | 005 | 003
%stdev. g | 57 /[ 1.288 R 099 | 152 | 1.00
1. 2 fadth 83 | 320 | 332
, fof | 3 3. Qo5 W27 | 323 | 3.24
ce100, T 3 |42 . 327 | 327 | 329
Y | 3.25 326 | 329 | 328
5 ¥ ; , : 321 | 321 | 3.22
Average 7 [l 3.24 ik 68 327 | 326 | 327
Stdev 04 - \ 0.04 0.04 0.04
%Stdev & = 111 | 124 | 111 | 130

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ
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Appendix C-2 Thickness of HDPE/GF 15 wt% (mm.)

Time (weeks)
Test Fuel No.
13 16
328 | 3.30
_ 328 | 328
C(EO), T~ So—t il | 3 329 | 3.31
324 | 327
330 | 3.34
Average. P 3 ﬁ N S, 328 | 3.30
stdeyd® f Of 2+ | 10,08 a2 002 | 003
%Stdev ' 068 | 0.78
329 | 329
331 | 332
C(E20), 330 | 3.30
330 | 3.32
330 | 328
Average 3.30 3.30
Stdev 0.01 0.02
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Time (weeks)
Test Fuel No.
0 2 4 7 10 13 16
1 330 | 327 | 327 | 328 | 331 | 328 | 330
2 3.31 184 | . 332 | 331 | 330 | 331
C(E100), 3 8. / 329 | 328 | 329 | 3.29
4 8 325 | 730 ™05 | 325 | 324 | 326
~ 3.9 26 330 | 329 | 3.31
Averag V3.2 329 | 328 | 329
Stdev 0 003 | 002 | 002
%Stdev. '3 1. . 076 | 075 | 062
Appendix C-3 dfick sQ H v PE/ % (
B ,FI e

Test Fuel 0. 4 = :
Y fiig < el 10 13 16
/il 3.25 dh & 2 7M 326 | 323 | 3.26
2 T 351 ’ 1 | 332 | 328 | 3.31
C(E0), 3 clplom——— -z 327 | 326 | 324 | 326
| 4 / 323 | 319 | 323
(A L 52 | o

]

Avetade "l 323 | 3.27

—=T -
Stdeyi| § : 0.03 Jﬁ 03 | 003 | 003
%Stdev 136 | 1.21 0.67 078 | 1.03 | 105 | 0.86

ﬂUEJ’JVIEWI‘iWEJ'm‘i
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 322 | 325 | 325 | 327 | 323 | 323 | 327
2 3.18 Al k. 324 | 321 | 321 | 3.23
C(E20), 3 3. f / 326 | 327 | 324 | 3.26
4 o 323 [ S04 | 323 | 321 3.23
Gadt 326 | 3p6m 327 | 327 | 329
Averag . P, 3.2 3.24 3.23 3.26
Stdev. fo 003 | 002 | 003
%Stdev. g | 9 0.4 T, 0. 082 | 076 | 082
1 2 3t N O, ko4 3.21 3.22
of | 2 3. 6 25 | 324 | 325
cess), T s . _ I8N 322 | 321 | 32
/ & & Lol > 03 323 | 323 | 324
5 ‘ o a0 M W : 322 | 320 | 322
average 7 [l 322 B 4% 323 | 322 | 323
Stdev . (" : . 001 | 002 | 002
%Stdev 0.26 =027 050 | 045 | 053 | 048
380 | 325 | 325
L ; 3 324 | 3.23
C(E100)At 4\ i 324 | 3.24
I« 3. : : 322 |21 322 | 323
3.22
3.23
0.01
U stdev 0.33

QRIANTAUNRINIAY



Appendix C-4 %lIncrease of Thickness of HDPE/GF Composites

HDPE/GF (0 wt%)

138

Time
C(EO
(weeks) (), )
Avg | %l
0 3.26 6 0.0
2 | 327 20 | = 0.02
4 328 |
7 | 0!
10 |32 0 0.7
13 3.26 0.
16 | 3 7l a2 2
J
HDPE/GF (15 wi#h) F
§ o
§ 1,1 —
Time -
(EQ)
(weeks)
Avg | %ImCrea
0 3.28 0.00
2 i/
{
4
7

Test Fuel
C(E85), C(E100),
%lIncrease | Avg | %lIncrease
- ~ 0.00 3.24 0.00
_ 0.43 3.27 0.95
0.66 3.26 0.78
» 3.26 0.80
3.27 0.99
45 3.26 0.64
8 3.27 1.01
E85), C(E100),
g [W%lIncrease | Avg | %lncrease
8 0.00 3.28 0.00
0.77 \ 3.29 0.14
| -1" 3.27 -0.28
A | 329 0.24

ARIAN TN INGAE




139

HDPE/GF (30 wt%)

Test Fuel
Time
C(EO C(E20 C(E85 C(E100
(weeks) (E0), (E20), (E85), (E100),
Avg | %lIncrease cpea ~Avg | %lIncrease | Avg | %lIncrease

0 3.25 0.0@ 2 0.00 3.23 0.00
2 3.25 4 1. 0.08 3.22 -0.39
4 3.23 [eemmpmpmm——=d 05 | 1.180= 0.39 3.23 -0.02

—_:-p-—-_ - -
7 3.2 .8 1 4 .66 3.23 0.00

— ’
10 3.2 0. 0 3.23 -0.04
13 3.234*-0. 0. .06 3.23 0.00
16 .6 1 3 3.23 0.11

i ' ..IHP. '1"." B .
1/ f"r
i /i l’j

ﬂUEJ'JVIEWIﬁWEI'm‘i
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Appendix D

Volume of HDPE/GF Composites

Appendix D-1 Volume of H

Test Fuel
10 13 16
b 6.46 . 642 | 645 | 6.43
o2 o /104 e B 643 | 640 | 6.43
C(E0), | 34 . 6.4 . 648 | 642 | 641
4 Ao 4 36 | 637 | 636
g Joff 6 BN 642 | 640 | 647
aerdle | F2A 6 42 | 641 | 642
stdev. ff A offs | 0040 0.05 4NN 004 | 003 | 004
wsiiev M4 5400008 083 | 065 | 050 | 060
r.i" 6.36 MIAPTIRA c (V&> 6.44 | 647 | 6.48
2 0 #7650 ‘ 6 | 647 | 6.5 6.52
C(E20), | 3 6.05 =B AZ= 647 | 635 | 644 | 646
4 o " 648 | 649 | 650
i S,
B dsg | 645 | 646
Averade P | 647 | o648
=] =
Stdey| 02 o6 | 003 | 002
%Stdevv 139 | 174 0.55 025 [~090 | 047 | 039

ﬂUEJ’JVIEWI‘iWEJ'm‘i
'qmmnswm'mmw
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 630 | 656 | 650 | 656 | 649 | 648 | 6.44
2 6.22 a1l k. 631 | 628 | 623 | 6.24
C(E85), 3 ' 638 | 636 | 632 | 634
4 6.48 | 7o 043 | 638 | 639 | 637
: oM | 68 635 | 622 | 6.33
Averag =2 P, 5 3 ' : 637 | 633 | 635
stdeva?® | 0 /774 | . 007 | 011 | 007
%Stdev. '5 2. B 1 1.16 1.70 1.18
1 29 [ 641 D W (™30 | 632 | 6.39
sf | . 6 sNG31 | 623 | 624
ce00, T s | fF. oA, di b 28 | 627 | 6.30
, afs | 6N 6,25 W Bk D627 | 631 | 631
Y A B\ A5 IR A% . 618 | 6.16 | 617
average 7 | il 6.21 B 3T Bis 8% 628 | 626 | 6.28
Stdev ' oZaE 00 W | 008 | 006 | 008
%Stdev P — 125 | 124 | 103 | 131

AppendixyD-ge

Test Fuel

'S devb

%Stdev 0.81 0.51 1.15 0.65 0.79 0.67 0.77
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Test Fuel No. Time (weeks)
0 2 4 7 10 13 16
1 6.38 | 654 | 655 | 659 | 654 | 655 | 6.55
2 6.43 Al k. 669 | 659 | 662 | 6.64
C(E20), 3 >. 6 663 | 658 | 660 | 661
4 _ISGue N 6.62 | oeE A | 665 | 660 | 6.64
60—t 696 | 658~ 651 | 659 | 6.56
Averag P64 657 | 659 | 660
Stdev “V/do 005 | 003 | 0.04
%Stdev. g | 5 0. T, 0. 0.82 | 040 | 066
1 490 K667 i 668, 57 6.53 6.54
of | & 6. 1 56 | 649 | 6.50
cess), T s |fF. _ BN 651 | 649 | 652
; o> | & 20 6.64 658 | 660 | 657
5 ‘ B0 5 a8 R 48] : 646 | 649 | 6.46
average 7 [\l 6.45 BT 7% 653 | 652 | 652
Stdev Folsap : % | 005 | 005 | 004
%Stdev 0,86 =063 095 | 074 | 070 | 065
650 | 645 | 649
L ; ) 6.48 | 6.50
c(E100)At 4\ i 6.47 | 6.46
I« 6. : : 641 |f|B3o | 636 | 642
6.48
6.47
0.03
U stdev 0.50

QRIANTAUNRINAY
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Appendix D-3  Volume of HDPE/GF 30 wt% (Cms)

Test Fuel No. Time (weoks)

13 16
6.46 6.53
: 6.54 6.58
C(E0), Wdb] 652 | Gdo—t=EEL | o 6.45 | 649
| 6.38 6.46
) 6.44 6.57
Average 5 ﬂ 5.5 - . 6.46 6.53
sueyd® o ff | of ‘-_ 0,08 " Q 2l 006 | 0.05
%Stdev OB 091 | 080

6.45 6.51
6.42 6.40
C(E20), 6.48 6.48
6.40 6.38
~~~~~~ 6.56 6.53
Average 6.46 6.46
Stdev 0.06 0.07
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Time (weeks)
Test Fuel No.
0 2 4 7 10 13 16
1 6.45 6.39 6.43 6.44 6.53 6.41 6.42
2 6.36 385 Il k. 6.39 6.31 6.38 6.37
C(E100), 3 | ; 6.40 6.35 6.41 6.41
4 80635 |7 ™35 | 633 | 632 | 635
| 6.44 43 6.39 6.38 6.40
Averag P63 ‘ : 638 | 638 | 639
Stdev. a® 7V /o ' 009 | 003 | 003
%Stdev. 7 0.4 . 134 | 054 | 045
Appendix D-4 _g8Incr: ée' Vum E/ es
HDPE/GF (0 wi% ' B
| HI__.S st h !
Time i v
E0) AL W ClEs5), C(E100),
(weeks) : : :
Avg | %liCrea J A %Increase | Avg | %lncrease
0 6.24 0.00,geierEeii—t=—= 6.24 0.00 6.21 0.00
2 e 255 | 631 1.54
4 - 31‘ 6.28 1.17
7 ! r 2% 6.28 1.15
— e
10 6;@1 2.84 : . 6.37 .1%03 6.28 117

ARIAN TN INGAE



HDPE/GF (15 wt%)
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Test Fuel
Time
C(E0), C(E20), C(E85), C(E100),
(weeks) ‘
Avg | %lIncrease Avg | %lIncrease | Avg | %lncrease
0 N 0.00 6.46 0.00
2 6.46 0.09
4 6.44 -0.25
7 6.48 0.26
10 6.46 0.00
13 6.44 -0.29
16 6.47 0.20
HDPE/GF (30 wi%
Time
(weeks) ‘ C(E100),
Avg %Increase | Avg | %lIncrease

0 6.41 0.00 6.40 0.00
2 6.52 0.50 6.37 -0.42
4 0.9 \ 6.39 -0.09
O ' 6.40 |  0.02
10 6.38 -0.25
13 0.69 6.46 1.88 6.40 6.38 -0.25
16 653 6.46 1 88 6.42 0.70 6.39 -0.10

ﬁUEJ’JVIElVITWMﬂ‘i
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Appendix E

Water Absorption of HDPE/GF Composites

fime Average
(days) 5

0 5.450 5.402

1 5.450 5.403

2 5.450 5.403

3 5.450 5.403

4 5.450 5.403

5 5.450 5.403

6 5.450 5.403

7 5.450 5.403

8 5.450 5.403

9 5.451 5.403
10 5.451 5.403
11 451 5.403
12 : .451 5.403
13 o 5451 5.403
14 5435 Il 5451 5.403
16 @1& 5358 g 54% 5.451 5.404

. ' 5.404

5.404

5.439

5.334 5.359
¢

F s ‘1“4 - 5 ‘4‘ n P i‘.l{ ;
VEERASTRAED
X UMY O |

5.439

5.359
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Appendix E-2 Water Absorption of HDPE/GF (15 wt%)

Time Sample
Average
(days) 1 2 4 5

0 5.937 5.954 6.001 5.978
1 5.930% .955 6.003 5.979
2 17 5.984 ‘ 6.003 5.980
3 6.003 5.980
4 5,94 6.003 5.980
5 59 6.003 5.980
6 5.9 6 6.003 5.980
7 1040 18" 98 o 6.003 5.980
8 5, W 5! 6.003 5.981
9 o4 6.01 985 5 6.004 5.981
10 5, 5 6.004 5.981
11 ST Y 9 6.004 5.981
12 5.94; 958 6.004 5.982
13 5.941 5.958 6.005 5.982
14 5, | ~5.005 5.982
16 }\4.005 5.982
18 A\ 'l J5.005 5.982
20 ’m 5.943 5.959 i"i 6.005 5.982
22 5959 | 6.005 5.983
5.983




Appendix E-3 Water Absorption of HDPE/GF (30 wt%)
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Time Sample
Average
(days) 1 2 4 5

0 6.590 6.605 6.683 6.607
1 6.59 €612 6.685 6.612
2 1 6590 ‘ 6.687 6.614
3 | s 6.688 6.615
4 658 ' 6.689 6.615
5 66 | 6.689 6.616
6 6.6 7 6.692 6.618
7 502 86 59 61 6.692 6.619
8 6. foses 6 6.691 6.618
9 ool |f 65585t @80 1 6.693 6.620
10 coff ¥ | 6! 6.693 6.620
11 o4 6.3 61 6.695 6.621
12 6.60) ‘ 620 6.695 6.622
13 6.607 6.620 6.695 6.622
14 6. 6696 6.622
16 }‘4.696 6.624
18 Wl d J6.697 6.624
20 ’m 6.608 6.622 i"i 6.697 6.625
22 6623 | 6.698 6.626

6.626




Appendix E-4 Water Absorption of HDPE/GF composites

149

HDPE/GF (30 wt%)

Time HDPE/GF (0 wt%) HDPE/GF (15 wt%)

(days) Average | %lncr ,‘ efpge %Increase | Average | %lncrease
0 5.402 0.000 6.607 0.000
1 5.403 #9019 6.612 0.068
2 20 P 5.080< ‘ 6.614 0.098
3 | s. 6.615 0.121
4 0 ' 6.615 0.125
5 5.4 B R 6.616 0.141
6 40 {0 5 ' 6.618 0.166
7 703 024 98 3 6.619 0.178
8 sagf f J: 9 6.618 0.169
9 ozl Foo DS 4 6.620 0.194
10 5.4 6.620 0.202
11 203/ 0.08 D5 6.621 0.212
12 5.403 -7 6.622 0.221
13 5.403 - 0.057 6.622 0.232
14 5. 6622 0.233
16 }3:!624 0.254
18 A ¢ £ 624 0.262

’ 0.072 i"i 6.625 0.269
0075 | 6.626 0.282

0.286

0.302

QRIRINIUNIN Y
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Appendix E-5 Water Absorption of HDPE/GF composites (Base on Polymer Matrix)

Time HDPE/GF (0 wt%) HDPE/GF (15 wt%) HDPE/GF (30 wt%)
(days) Average | %l (| AVegag %Increase | Average | %lncrease
0 5402 | 0.000 6.607 0.000
1 5.403m 5. ' 6.612 0.097
2 51 - 0 ¥so 6.614 0.140
3 407 5 : 0. 6.615 0.173
4 5 41 0 6.615 0.179
5 ‘ s ) 6.616 0.202
6 5.4 0 6.618 0.237
7 ao3ff| ff o4 98 6 6.619 0.254
8 5. / 0 6.618 0.241
9 ozl | ff 002 1 2 6.620 0.277
10 5488 | 6.620 0.289
11 403 00807 66 6.621 0.303
12 5.40 ' 0067 6.622 0.315

—

13 5403 |, n 0.067 6.622 0.331

14 5 622 0.333

16 -4{.624 0.363

18 o At 6504 0.374

= o

20 || fp.404 0.085 |||l 6625 0.384

22 5,404 0.035 5.983 0088 | 6.626 0.403

9 “f 088 I %6 0.409

| 08 % Ié iza 5 0.409
Qs 5404 | 0037 5.983 0.097 6627 0.431

ARIAN TN INYAE




APPENDIX F

Tensile Strength of HDPE/GF Composites

. _Time€ (weeks)
- 10 16

e 135 17.77

Appendix F-1 Tensile Strength

Test Fuel

-__ 1.51 17.91

// |
T HAE \\v:.\ oo | e
lll@'F 1’\N _ 773

18.06

C(EO0),

17.86

0.13

0.73

17.80

17.90

C(E20), e . 18.33

17.93

17.78

17.95

0.23

% Stdev 1.25

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl
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Test Fuel

No.

Time (weeks)

0

4

10

16

26.66

22.44

22.67

20.30

C(E85),

S

Averac

%Stde

C(E100),

Average

Stdev

%Stdev

Siige” AIA’A\
4 //5" R\
ﬂl:‘@

23.14

20.69

R
\\\

22.27

20.10

23.50

20.81

22.73

20.47

20.47

0.29

1.40

22.36

22.88

22.33

23.20

23.06

22.76

0.40

%Stdev
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Test Fuel No. Time (weeks)
0 4 10 16
1 28.62 21.97 22.42 16.71
2 : W 42225 21.80 16.85
C(E20), 3 2 22.72 17.14
2817 (gl | 2275 17.02
== 25,00 - 22.71 17.08
Average™™ #28.6 : 2.48 16.96
stacw®™ 2 /b 0 W, R0 40 0.18
%Stdew f 9 1.79 1.04
8 W B9 o4 19.01
| . 28 | 85 15.94
cEss), ”| - s ff o 2163 15.19
' 2 2.10 16.44
51,--"_ o8¢ LAY/ A 2254 16.34
Average / . } 23.358 22.03 16.59
Stdev 2. 43 0.34 1.44
%Stdev - = » v 1.53 8.68
' 25 17.19

“ %Stdev

QRIANTAUNRINRY



Appendix F-3 Tensile Strength of HDPE/GF 30 wt% (MPa)

154

Test Fuel No. fime (weeks)
J 4 10 16
1 " 15 24.42 16.16
N . 24.13 17.20
C(EO0), | = 33.3 o o o 17.13
53595 | aow 23.94 17.09
S NN S 2376 18.56
Average . 0 1 16 17.23
' 1.1 1 3 0.86
wstael o LA | 1.36 4.98
o 4 A QN 78 19.37
! d | 2.75 19.48
C(E20), I/ 330 . \  23.48 19.39
4 . 35,057 19.9 20.74 19.04
" s 2317 20.31
Average - 54, 74 23.18 19.52
Stdev i 197, 0.45 0.47
o @ 242
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Z A R
1//& l\\\\
1Y\

Time (weeks)
Test Fuel No.

0 4 10 16
1 33.10 24.63 24.42 23.90

t” 24.40 2515 23.51

\ ' .

C(E100), /| Y 6 24.31 23.73
595 : 4468 25.46 23.63

- * — 33 068 24.99 23.51

— .

Averagé®™" Fv 3 24.87 23.66
Stdew®™ a0 49 0.17

%Stde 0.70

ﬂUB?ﬂﬂﬂ$W81ﬂi
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Appendix F-4 %Decrease of Tensile Strength on HDPE/GF composites

HDPE/GF (0 wt%)

156

Test Fuel
Time i
C(E0), A C(E85), C(E100),
(weeks)
Avg | %D %DE ’ %Decrease | Avg | %Decrease
0 26.28 .28 0.0 — 0.00 26.28 0.00
4| 21.08 e 60 || -178 . 13.83 | 2443| -7.02
10 21.19 - 9. 3.00 24.95 -5.06
16 | 17.86. {32, 54 0 3TN N0 - 2009 | 2276| -13.37
HDPE/GF (15
lll |
Time i ( ( ) ( )
C(E f ‘ C(E C(E100
(weeks) ‘ A‘l _‘- L " "
Avg Degliease fease gWll%Decrease | Avg | %Decrease
0 28.60 00 , 6 0.00 28.60 0.00
4 21.90 ‘-23.4 23.35 -18.35 25.21 -11.86
10 21.82 2341 3| -2297 |25.74 -9.99
# 1 T
16 @ 17.70 -38.10
& NS
HDPE/GF (30=wto
( WO) f'll
Test Fuel 1)
Time
_‘Fﬁ C(E20), @ C(E100),

%Decrease




APPENDIX G

Young’s Modulus of HDPE/GF Composites

F - e (weeks)
Test Fuel st
- ——y 10 16
A 070 S 0.33 0.32
= NN 0.38 0.31
C(EO), - /s R N 0.33 0.31
' 0.6 | 37 0.32
| . 0.36 0.35
el f 5.0 .37 35 0.32
swafl A /, ‘9% Y W 0.02 0.02
i g
%Stdey ’-.' ! . 6.31 5.43
14‘ 0.3 L 0.35 0.33
4 0.33 0.33
C(E20), - - 0.37 0.34 0.32
- ¢ 0.35 0.32
:) ' o

C L) | o
: V024 0.33

-’: ."'»
Sﬂ"v @.01 0.01
%Stdev 3.63 4.58 3.0 1.84

ﬂUEJ'J‘VIEWWWEI']ﬂ‘i
‘QW’]Mﬂ?NHW’]’mmﬂﬁl
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Time (weeks)

Test Fuel No.
0 4 10 16
1 0.70 0.45 0.43 0.40
2 ﬁ” 0.40 0.43
C(E85), 3 \\\"’I ‘ 0.43 0.41
‘—‘;:.h 067 4 0.42 0.42
’ 0.42 0.42
0.42 0.42
- 0.0 0.01
N 277 2.60
e 0.62
0.68
C(E100) 6o 0.64
"‘;:; 0.65
o :ff;.fi" 0.62
Averade !"{?1;: 0.64
Stdev *"-i"& 0.02
%Stdev 3.56

Appendi ',C. .

%Stdev
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Test Fuel No. Time (weeks)
0 4 10 16
1 2.02 0.36 0.31 0.32
2 gy 037 0.30 0.31
C(E20), 3 L7 a8 0.37 0.33
' 149 “07 0.35 0.30
, == P = 0.33 0.32
Av f R ST, 0.33 0.32
St o #7702 WA 0.03 0.01
%Stdeys £/ 0" 8.62 362
' 48 0.46 0.4
. " . A b 0.48 0.42
cess),” | S f ] g | 48 0.47
gy ? W 046 0.4
5‘;'-"' oK | 0.44 0.41
AveraBe f : 0’ 047 0.44
Stdev d 3k 0,26 0 0.02 0.02
I 4.45 4.04 4.67

" %Stdev

ARIANNTARINGIAE



Appendix G-3 Young’'s Modulus of HDPE/GF 30 wt% (GPa)

160

Test Fuel

No.

Time (weeks)

C(EO0),

Average

%Stdex

C(E20),

Average

0,

Stdev

Wy ¢ 10 16
! /o, 0.67 0.49
0.55 0.48
3.8 74 0.77 0.49
54,047 5 0.75 0.50
0.66 0.49
o7 68 0.49
0.1 09 0.01
A 13.01 1.72
Py 68 0.48
"0 0.55 0.49
o 0.61 0.49

3 0.61 0.53 0.49

0.56 0.49

3 06 0.59 0.49

y 7, 0.06 0.01
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Time (weeks)
Test Fuel No.

0 4 10 16
1 4.22 1.96 1.13 0.67

1.17 0.67
C(E100), 0.95 0.67
1.09 0.67
1.15 0.64

110 0.67

\ 0.09 0.01

8.01

2.13

ﬂUB?ﬂﬂﬂ$W81ﬂi
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Appendix G-4 %Decrease of Young’s Modulus on HDPE/GF composites

HDPE/GF (0 wt%)

162

Test Fuel
Time
C(EO), ), C(E85), C(E100),
(weeks)
Avg | %De %o [ %Decrease | Avg | %Decrease
0 0.68 & 0.00 0.00 0.68 0.00
4| 0.37 | |-45.58 22 061 -1037
10 | 0.35. {5 : 78 |066| -2.81
16 |0.32 | g#20 A5 806 |064| -4.92
HDPE/GF (15 wt¢
" I
Time .
- §(E0) C(E8p), C(E100),
(weeks) ( d s
Avg | %DEcr SoDecrease | Avg | %Decrease
0 |195 0 0.00 1.95 0.00
4 |os7| -Hssd 0. 7514 | 090 | -53.92
10 |036| -81.60 047 | 7611 |071| -63.51
0.65| -66.60
C(E0), C(E20), C(E85), C(E100),
(weeks) [
vV o e %Decrease




APPENDIX H

Impact Strength of HDPE/GF Composites

Test Fuel
16

20.09

20.10

19.83

7 774 BARANR
VAL XT D\
/7 e AR

21.11

e, .l i <= |
VLS M\u\ 2119

. "W@,E m\ 2020

_ ﬂ‘&ﬁm \ 2142

21.07

21.51

20.71

™\ 0.62

.99

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ



Time (weeks)

Test Fuel No.
0 4 10

16

1 1453 . o | 2027 18.04

20.40

21.21

20.62

20.30

C(E20),

20.03

20.73

21.06

20.83

20.67

21.37

20.72

w
A i

A r e 3
- Lo

-y
- &

0.42

Average ‘ ’ w &'( i\
/1. K \\

¥l

.
- b

VA o

%Stdev

2.01

15.38

15.35

15.67

15.24

15.51

14.95

15.42

14.81

164
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Time (weeks)
Test Fuel No.

0 4 10 16

1 14.53 12.68 12.77 11.91

12.05

12.83

12.42

12.29
C(E100), |

12.23

13.76

12.92

12.98

11.76

o I
gy ’ﬂu FAAW

¥ ﬁ" \ 1
Stde ‘V d’ 00 \ | 0.61
F |2 v i 3 Ilﬂ :
%Stdev | 4 S 6 4.85
. ',-'f‘.lr—'r.'- i

12.51

ﬂuﬂqwﬂnﬁwawnﬁ
QRIAN TN INGINY



166

Appendix H-2 Impact strength of HDPE/GF 15 wt% (kJ/m”)

Time (weeks)
Test Fuel No.
b’ 10 16
1 <[ 8 19.81 20.68
@29 : e 20.68 21.54
_— 7 % 3 88 .89 20.62
88 21.42
| 7 4 : 20.60
C(E0), ;
s 3 22.00
8 | _ 0. 22.00
p s o Js. : 20.17
f P 20, 45 21.31
o oF 1600 20.2 4 21.98
¥ "- ; .
Average, Y | » /s 9 1.03 21.23
Stdev © 4089 7 53 W% 45 0.67
%Stdev 84 . 6.90 317
1 et 19.93 20.58
3 22| 2175
L- ‘ '#-1' 21.31
t e, YRy
- |
i s 1816 20.54
C(E20), = :
¢ 6 16.18 2&;'1 20.65 22.44
vy £ :
%Stdev 2.38 4.11 8.76 4.45




167

Time (weeks)
Test Fuel No.
0 4 10 16
1 16,4 18.49 17.49 16.60
2 7.45 17.91 17.71
_ . 18.05 16.13
16, T 18.26 16.39
N < 18.41 17.96
C(E85),
_ 17.92 17.58
6. 17.92 17.79
16: 7 17.28 16.21
9 ' 17.36 18.68
A 17.02 18.55
Aver. /, % 17.76 17.36
Stdev 0.45 0.96
%Stde ‘.ﬂ- 4 2.54 5.51
& 16. 16.60 17.40
2 - 7.32 18.60 16.42
3 4 15.23 17.71
@ A 1728 16.85
& Y 16.76 16.02
C(E100%A k- A
I- | ﬁ] 15.76 15.45
W7 16.78 16.82 |44 1576 16.02
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Appendix H-3 Impact strength of HDPE/GF 30 wt% (kJ/m”)

Time (weeks)
Test Fuel No.
0 i 4 10 16
1| Siof 1 21.51 22.89
2Nt B o 2167 22.33
48 s 3 24 22.32
T - 86 24.48
e 0257 | 0.80 23.23
CE0), 3 ALY
| 2" 23.11
iy’ ; [/ 1 ' . 22.21
' 3,33 23.45
& I A fss 2 20 20.30
104 | 165000 5 23.64
Average Y E 1 7] 9 3 1.4 22.80
sev W | S gos WA e 1.12
%Stdev o 2.91 4.91
1 46 ' © 2354 21.27
2 & A | 2068 28.46
@ 6£J 22,22
L\ bl 2169
3 2356 21.43
C(E20), |4 E‘
: 6 17.39 20.21 20! 21.11
o, 7 £ 7 23.22 21.11

%Stdev 7.48 4.72 8.42 10.46




169

Time (weeks)
Test Fuel No.

16

19.78

18.98

19.83

19.13

19.52

21.53

19.07

20.22

20.52

20.60

Stdev®

p &4
Average ‘ ’ M .
f |

19.92

0.81

%Stdev |4

4.07

17.01

17.71

17.18

17.71

17.36

18.01

18.28

18.41




Appendix H-4 %Increase of Impact strength on HDPE/GF composites

HDPE/GF (0 wt%)

170

Time
C(E100
(weeks) " ( h
Avg %Increase | Avg | %lncrease
0 14.30 0.00 14.30 0.00
4 20.88 12.64 -11.67
10 | 2055409 1299 | -9.22
16 20.71_ 4.8 12.51 -12.51
HDPE/GF (15 wt¥
Time
C(E100
(weeks) ( n
Avg | %lncrease
0 16.38 0.00 16.38 0.00
4 19.99 21260 5.03 16.65 1.64
10 8.42 16.20 -1.11
16 16.49 0.65
-
HDPE/GF (3038
C(E100),

%Increase

0.00

Ok
NEd

0.13




APPENDIX |

Flexural Strength of HDPE/GF Composites

Appendix I-1 Flexural Strength ' / | t% (MPa)

. _Timie (weeks)
- 10 16

0. 16 18.62

Test Fuel

o 19.16 21.93

B NN

AN =
47//F9 \\ R
77 =N

sl I Jo TR AAR N o

C(EO0),

siiafl 4 2o VW W 2.67
- il e ™ E I:nl

%Stdey 14.13

20.53 23.07

16.92 19.06

R e

C(E20), P——-— -0 17.72 20.26

Q

19.74

12.60

- «iﬁ :
ﬂuﬂqnﬂmﬁwﬂwnﬁ
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Test Fuel No. Time (weeks)
0 4 10 16
1 25.25 22.70 22.50 21.05
2 60 W 42247 21.59 21.21
C(E85), 3 N ‘. 20.36 20.16
59 Y e® | 1732 17.45
= sl | = 20.24 21.69
Averagem= 7od IS 0.40 20.31
Stdgip® 7 b N S, S 96 1.69
%Stdeys | . 9.60 8.34
. T o4 20.50
' . 29; | 33 25.15
ce00,”| P P o 2479 19.09
.- ’ P 9.43 21.25
5/ 8 15801 0D A 18.69 21.60
Averade || ‘ A 24.200 22.09 21.52
Stdev 2.04. 11 3.34 2.25
%Stdev e etB0 2 15.12 10.43

Appendi&

Test Fuel .

%Stdev 0.96 9.32 7.07 10.16
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Test Fuel No. Time (weeks)
0 4 10 16
1 35.83 18.31 22.96 19.04
2 ; W 41883 20.53 19.48
C(E20), 3 W g 21.02 18.05
03564 17N | 2154 17.92
== 3528 = 20.39 18.92
Average™™ /357 5= 129 18.68
st o /b4 ST, T 04 0.67
%Stdey ,' . 4.87 3.59
, | 4 21.85
' f e | 14 21.23
ciEss), ”| 4 sl 25:02 21.24
’ 2 3.41 21.80
5/ 8 {5827 /% \ 2136 20.52
Average / AN 24.83% 23.21 21.33
Stdev 3. 27 1.92 0.54
%Stdev e T 096 3 8.27 2.54
' 08 21.88

“ %Stdev
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Appendix -3 Flexural Strength of HDPE/GF 30 wt% (MPa)

Test Fuel No. fime (weeks)
J 4 10 16
1R \ { /g8 27.61 19.45
) / : 26.28 18.69
C(E0), | = 42.0 et 18.71
53865 | 24,58 18.57
N NN b, 23.34 19.44
Averages . 3 1 ' 46 18.97
' 4 2 0.44
wsiel F J " | 6.38 2.30
' | 3 19.75
4 / | 5.74 19.49
C(E20), I/ 206 . D488 19.75
4 33,84 26.6 26.02 18.98
| 71 23.79 18.98
Average —39.. 72 25.41 19.39
Stdev s 0 1.11 0.39
% @ 2.00
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Test Fuel

No.

Time (weeks)

g l\\\\ |
o2 A\

0 4 10 16
1 43.44 26.90 30.07 22.40
{'” . 28.40 21.87
C(E100), \:‘ \"b ' 30.35 22,02
T 29.38 22.04

— -
. —" 33.08 29.66 21.49
——

Average F 21.96
P 77/i\Y
1.50

ﬂNEJ’JVIEWIﬁWEJ']ﬂ‘i
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Appendix I-4 %Decrease of Flexural Strength of HDPE/GF composites

HDPE/GF (0 wt%)

176

Test Fuel
Time
C(E85), C(E100),
(weeks)
%Decrease | Avg | %Decrease
0 0.00 26.99 0.00
4 -17.51 24.20 -10.33
10 -24.42 22.09 -18.14
16 -24.74 21.52 -20.28
HDPE/GF (15 wt% ‘
Time v 7 v
EOQ ‘ 5), C(E100),
(weeks) s & |
Avg | YdPec $ : el %Decrease | Avg | %Decrease
0 35.77 & II 0 7 0.00 35.77 0.00
4 25.25 9.44 24983 -30.58 2717 -24.05
10 21.84 -38.9 23.21 -35.10 27.54 -23.00
20.78 -41.91

(E100),

%Decrease




APPENDIX J

Compressive Strength of HDPE/GF Composites

Appendix J-1 Compressive Str : i SHI0 wt% (MPa)
Test Fuel -~ > & —- Sy ecks)
7 = ) [ 10 16
000 ST 111.74 113.04
o 27 R 112,12 111.82
C(E0), ; Y/ . 112.71 111.96
06,65, | 4.68 111.69
V B8, . 110.22 106.33
Y IR 01,8 2.29 110,97
swafl A /, % ' N 162 265
%Stdey /, 1403, | 1.44 2.39
14‘ 115. | 103.80 116.49
, i 102.43 113.84
C(E20), 3 —103.8¢ 12.88 103.16 116.16
- 106,70 117.95
@ é&_}s 114.82
'_[ P 115.85
SE;V @2 1.59
%Stdev 4.03 1.18 2.43 1.37
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Test Fuel

No.

Time (weeks)

16

125.86

C(E85),

Average

Stdev

%Stdev

117.73

136.55

133.31

128.60

128.41

7.26

5.65

126.44

126.66

118.38

116.14

122.53

122.03

4.72

%Stdev
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Test Fuel No. Time (weeks)
0 4 10 16
1 131.68
2 137.04
C(E20), 3 134.24
121.08
. 118.91
Average™™ 128.59
Stdg” 8.11
%Stdeys 111> | 6.59 6.31
> 6 04 121.56
| ' Y 1 | 17.71 118.09
cEss), ” | - sff 120.61 111.26
, 123.3 1 115.94 116.72
5/ {19251 /oL \ 286 117.53
Averalle f 123,56, 127.81 118.83 117.03
Stdev 245 bss 4.10 3.72
%Stdev b 220 43 3.45 3.18
Q
ceroh
E 4
‘—ﬁ5 122,91
~ .'..u- Ji 'ﬂ‘.'--".‘ ‘
Il Lot d VlCId
U stdev 2.22
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Appendix J-3 Compressive Strength of HDPE/GF 30 wt% (MPa)
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Test Fuel

No.

Time (weeks)

C(EO0),

Average

%Stdex

C(E20),

Average

Stdev

0,

P
il

T 4 10 16
J J a7 20 139.78 143.99
» E7 143.99 146.95
145, 3709 143.44 144.86
1427 ~ 142.11 144.87
138.44 140.67
94 55 144.27
4, 8 38 2.29
1.68 1.58
1 85 157.33
148,9 146.09 153.87
1.51 131.49
141, 147.62 156.94
0 144.86 157.34
- .00 147.59 151.40
2.51 11.22
@ 7.41
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Test Fuel

No.

Time (weeks)

0 4 10 16
1 138.40 150.55 160.96 160.74

2 {W 412868 131.79 159.54

C(E100), \\‘ ;’/ / 158.82 163.03
-..!N__‘ 4272 4 132.70 159.75

’ s 13§ 35 45 aCmmm 154 58 160.52

Average=™ % TR 04777 160.72
AN

0.86

77z l\\\\;' |
A
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Appendix J-4 %lIncrease of Compressive Strength on HDPE/GF composites

HDPE/GF (0 wt%)
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Test Fuel
Time
C(E0), C(E85), C(E100),
(weeks)
Avg %Increase | Avg | %lIncrease
0 104.89 st 0.00 104.89 0.00
4 101.88 15.10 127.90 21.95
10 112. 9. 11.56 119.09 13.54
16 122.03 16.35
HDPE/GF (15 wit$ Il
Time oo L
LAE % C@85), C(E100),
(weeks) s ‘ AN
‘:},‘E,.r / ‘*\\ %Increase | Avg | %lIncrease
|
"" . ~ L |
0 _...:;?.E_& \‘.‘ 56 0.00 123.56 0.00
4 111.77 127.81 3.44 136.86 10.76
10 118.83 121.28 -1.85
16 128.29 3.83
HDPE/GF
C(E100),

%Increase
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