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ABSTRACT
Full Name : Ahmad Rafiq

Thesis title : Development and characterization of hybrid glass fiber and epo:
clay nanocomposites.

Major Field  : Mechanical Engineering

Date of Degree: May, 2014

In this work, electrical gradeorrosion resistant @ER) glass fiber matre used to prepare
glass fiber reinforced epoxy (GFRE) nanoclay composites using hand layup method
followed by hot pressingHybrid GFREnanoclaycompositesre manufacturedsing Oto

5 wt% loading of I.30E nanoclay. High shear mixisgised to prepare the epoxy/clay
nanocomposite. XRDanalysis of hybrid GFRE nanoclagompositesreveal a
exfoliateddisordered intercalated morphology. The effect of nanoclay on mechanical
propertiesis investigated by carrying out flexurahd drop weight impadests. The test
results shovthat addition of nanoclay up to 1.5 wt% imprevke flexural strengthand
flexural modulus by 11% and 14%, respectively However, these propertiestart
deterioraing when the clay content increasdeyond 1.5wt% mainly due to clay

agglomeration

Furthermorethewaterbarrier properties d6FRE nanolaycompositesre studied a23°C
and80°C. At 23°C thereis a maximum of % water absorption while &0°C the water
uptakeis seen taouble.Addition of clay proveto be a good barrieBubsequeritexural
testing revea that water uptake sampleg 23C causea 7% decrease in strengédmd a
5% decrease istiffnessfor 1.5 wt%while at 80°C, the degradatiois observed to b86%

for flexural strength and 3% for stiffness.The decrease in mechanical properies

Xiii



attributed tothe plasticiang effect of waterand matrix swelling which also reduces the

interaction betweeapoxy-clay and glass fibers

Low-velocity impactis also studied forGFRE 0 wt% and GFRE nanolay basd
composites for a range of energies betweetoBD J. Itis observed thathe addition of

1.5 wt% nanoclay improvethe impact properties b¥3%. Energy absorptiomcreasse
with increasing impact energy and 1.5 wt% samatesseen tabsorhtheleastamount of
energy due to uniform dispersion of nanoclay. The stiffness of sammpkterminedising
deflection at peak load and total impact duragtiooth of which are lowest for samples
containingnanoclay whichmeans thahanoclay additionmakesthe sampls stiffer. This
stiffnessis maximumfor 1.5wt% after which it starts decreasing duelédects introduced
by clay agglomeratiomnd voids The results from drop weight impact results were found

to be inagreement with those obtained from flexural modulus.

The analysis of impact testesamplesshowed thatlamageoccurredpredominantlyby
delamination, matrix cracking, fiber buckling and fractlrew impactenergyresulted in
delamination and matrix cracking with slight fiber breakage wsalmples subjected to
higher impact energy went through completeperforationwith a lot of fiber damge.
Damage area increaswith impact energyand is proportional to the amount efiergy
absorbedThe back sidef impacted samples shawe highest amount of damage as the

damage proceeds towards the tensile direction.

MASTER OF SCIENCE DEGREE
KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS

Dhahran, Saudi Arabia

Xiv



WHKF BOIKF Jbb AB
Xy Tp :Cr G¥ufFbIlOF 6
NIEBHYTBLFEM Ebld OX37TF YIOF eB wK@B3HFOIBBF £
. Wy bly xF by r IOF _ w P39

. 2014 H Tuysr SJFHOFE Tw1F HC K

MYHIOF wys3s4Ybh aFCP3sBF? w3bOs pFus HFK nT 3b
Wy 3YAHXF3F d9FHI jIOF eB wYHAgsbe Yfyr b aFCbg
GFHI j IOF MTCHb wtobh WF WYAAA EHHBE wHOREK N 51 FO5
wply XF bly r OF JFHDPIOF n 9K Hhwy 8 mARKOF K HOBKF $bF HUb 38 RFRAU
_ fFR3 jpw1tF eljlh wFFYBpPAEF WEEF IOFIOR TYONn AF . aCHh
KFYPXF nIOF opF Wy3syAHXF3HR HMFagFCWF2egXxCDOE

.eylNtOF D323bla 0O wty

80 M wTONKWF WpFJc wtpp C3K Uhpp wysyAHXF 3 IOF
AF b nhUusvsF JfFHhaebvF wTOMNKWF WpFOc wtpp C3K A
nAK FnbpClL Ys3XF wy3yAHXF 38F C84RKHEBIOEwDF F YO
BTM pFCUr 2 wxmOr IOF YBXKF/NB@ONAF3 | KBF XBFANBFH>
WpFTC C3K ebll0 wTOMWF WpFOc Wht oyl F F K Ci KOF e K
WXMOr IOF OBF NBIBM36p B C%mB KF ¥ibBF WE ¢ m IOFQFT AllgpsF O
B2FO03IOF wtpp WyYPh nT CKfFH oMIFM _ FKIF pHT

. WY3YAHXF3KF YFHIl j IOF M 1

XV



1.5 wTfFYF pF50EclDee y BT BUPRWOF eB ey/lB oCrtO Epbp

15 C3K pgF EcHIOM aCThIOF wlpR3A pHICHT ® AL RIIFC by LF

. WYy3YAHXF3IOF dFHIj A0 CytOF WT CH3 A0

W YF C3K w2chfl® mAbIOBFe €EOPEMIONn AEEF 3r j IOF C
. WAL hIOF KFYPxF ntOF n3yTl OF 159 bls ¢tOF my HF A d X pOF |

F3] XbFM aChAK w9l hOF 0pF 33 :

~

nEBHYTBLE XUl bm ey M9paFlOFd FisdyYTRO moF Py r d@FLl KOFS HAIROF
dF UFA C3K ebllO OD3T7TfF YHF eB 3y4dALl 9T pFynxFEwm
nT HIWF? pdY N wharrtOF wUFMTOF WpFTC WB d

.CiIOF uptbF C3K aAFb O3bbF pOLIOF Y4OF dOn

aHANIOF nT OJOygltfFrOF wtpp
APbFNr OFM bmMO3ydAO CnT WAr OF  wile

WT pHNFIOF wy 20NOF wbldr r OF O FC

lal

XVi



CHAPTER 1

INTRODUCTION

1.1. Background

Addition of nanoclay asafiller has attracted a lot of attention as it enhances mechanical,
flame retardant and barrier properties of polymer compd4dités These nanocomposites
may find specific use in areas such as piping industry due to the impresedance to
water and oil uptake along with considerable light weight compared to conventional
composites and materials with added corrosion resistan8g¢ [Phe improvement in
properties is generally attributed to the strong interaction between dibéithe dispersed

nano sized clay particles embedded in the matrix [4].

For fiber reinforced composites, the improvement depends largely on the type of epoxy
system, fibers, nano fillers and the processing technique empl@y&d]. During
fabrication offiber reinforced polymer composites the clay is first mixed with epoxy
system using different methods such as mechanical, high shear mixing-souitation.

This matrix is then reinforced with fibers using different techniques including hand layup,

hat pressing and Vacuum Assisted Resin Transfer (VART2vB,[5-8].

Because of their improved propertigi@assfiber reinforcedplastic (GFRP) hae found an
increasing application in industries related to oil and wa#éerdling andransportation
especialy those for whom corrosion is a major concern. These materials, however, are
prone to degradation by water absorption and-VeWocity impacts which can occur in

reaklife scenarios by dropping tools etc during their service life.



1.2. Nano-Composites

Composite materials are a result of bringing together two or more materials with different
propertiedo produce a material with entirely nemddesired propertie§hown in Figure

1.1 are thecommon types of matrikamelymetals, ceramics and polymerdi€fe are a

wide variety of reinforcements available which can be added to thes& toajet desired
properties.The current work deals witholymer matrix composites withanoclayand
glassfikerfillers. The expressi ons Ohybrniod ocnopnopso stietde ow i

used to describe the materials throughout this thesis.

Figurel.1 Common classes of composites.

One of the most common matrix for Glass Fiber Reinforced Plastics (GFRP) is the epoxy
resin which is a thermoset polymer. As mentioned before, these polymers exhibit very good
mechanical and thermal properties but these properties are easily degraded in the presence
of water laden atmospheas the water acts as an efficient plasticizérJ2]. Reinforcing
epoxy/fiter system with layered silicate nanoclay is one way to improve the barrier
propertiesNanoclayare considered suitable reinforcements due to their low cost and high

aspect ratig13]. The water absorption or permeability of such nanocomposites depends

























































































































































































































































































































































