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Penyiasatan Ekperimen dan Berangka Terhadap Kesan Hidroterma Pada Ciri-ciri

Mekanikal Ikatan Perekat Sendi-T

ABSTRAK

Persekitaran yang lembap adalah satu masalah yang penting dalam mereka bentuk perekat
dalam apa-apa aplikasi. Dasar pembendaliran urea telah dibasuh dengan air panas oleh
itu mencipta faktor persekitaran yang lembap. Oleh itu, keadaan ini dirujuk sebagai satu
masalah dalam merekabentuk perekat sendi-T untuk dasar pembendaliran urea. Tujuan
kajian ini adalah untuk mengkaji kesan hidroterma perekat sendi-T dengan perekat
berbeza ketebalan dalam ujian air panas pada suhu 80°C, 90°C dan 100°C..Dua keadaan
persekitaran yang dikaji, suhu bilik dan kering (RTD) dan suhu air-yang ternaik (EWT)
pada 80°C, 90°C dan 100°C direndam selama 15 minit. Beberapa Ketebalan ikatan yang
dikenal pasti untuk dikaji adalah 0.5mm, 1.0mm, 1.5mm dan-<2.0mm. Tambahan lagi,
kekuatan ikatan yang bergantung kepada kelembapan dinilai-dengan membandingkan
ciri-ciri berikut dengan nilai pada suhu bilik. Bebanan unipaksi dilakukan menggunakan
ujian mampatan untuk specimen pada keadaan RTB.‘dan EWT. Eksperimen yang
melibatkan spesimen sendi-T dengan bebanan tegangan untuk perekat yang berbeza
ketebalan telah dijalankan. Akhir sekali, prestasi ‘aplikasi sendi-T dalam eksperimen
dibandingkan dengan model geometri sendi-T-dalam perisian menggunakan analisis
unsur terhingga (FEA) ANSYS 14.0. Tegasan kegagalan ditentukan sebagai kriteria
untuk menyiasat prestasi perekat. Hasil kajian dikemukan dengan ketebalan perekat yang
terbaik dan persekitaran kelembapan,untuk perekat epoksi Araldite. Kehadiran lembapan
secara langsung pada permukaan perekat mengubah integriti antaramuka sendi perekat.
Perekat epoksi mempunyai kesan’ketara dalam kekuatan ikatan antaramuka selepas
direndam dalam air panas. Walau bagaimanapun kekuatan ujian spesimen sendi-T yang
direndam dalam air panas‘pada suhu 80°C dan ketebalan ikatan 1.5mm mempunyai
kekuatan tinggi dengan spesimen sendi-T pada RTD. Selain itu, kekuatan ujian mampatan
juga menunjukkan perilaku pengurangan kekuatan yang sama apabila perekat direndam
dalam air panas/, Seterusnya, pendekatan untuk meramalkan hasil eksperimen
menggunakan._ perisian unsur terhingga yang dikomersilkan, ANSYS 14.0 memberi
persetujuan.yang baik dengan corak lengkung sama dengan lengkung kegagalan tegasan.
Oleh itu, “model simulasi yang dikaji dan diramalkan boleh digunakan untuk
mensimulasikan perekat sendi-T untuk pelbagai keadaan sempadan.
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Experiment and Numerical Investigation of Hydrothermal Effect on Mechanical
Properties of Adhesively Bonded T-joint

ABSTRACT

The moisture environment is a significant problem in designing the adhesive joint in any
application. Urea fluidisation bed was washed with hot condense water thus created
moisture environmental factor. This situation was cited as a problem in designing
adhesively bonded T-joint referring joint part in urea fluidization bed. The purpose of this
study was to examine hydrothermal effect on adhesively bonded T- joints with different
adhesive thickness in hot water test at temperatures of 80°C, 90°C and 100°C. Two
environmental conditions were studied, namely room temperature and dry (RTD) and
elevated water temperature (EWT) at 80°C, 90°C and 100°C immersed-for 15 minutes.
Various bond thickness involved in testing namely 0.5mm, 1.0mm, X:5mm and 2.0mm.
Moreover, the moisture dependence of joint strength was evaluated.py-Comparing those
properties with the values at room temperature. Uniaxial loading'was performed using a
compression test of bulk specimen for both RTD and EWT condition. Another series of
tests was run involving T-joint specimen with tensile loading for different adhesive
thickness. Finally, the performance of the T-joint-application in experiment was
compared with the geometrical modelling of T-jointin ANSYS 14.0 software finite
element analysis (FEA). Moreover, failure stress-“was determined as a criteria to
investigate the adhesive performance. Results.were presented for the best adhesive
thickness and moisture environment for Araldite epoxy adhesive. Direct presence of
moisture at the adhesive interface alters.the interfacial integrity of the adhesive joint.
However, the strength of test T-joint specimen immersed in 80°C of hot water and bond
thickness 1.5mm appeared to have highstrength compared with T-joint specimen at RTD.
Moreover, the compressive strength also showed similar behaviour of reductions under
the hot water condition. Furthermore, the approach to predict an experimental result using
the commercialised finite‘.element software, the ANSYS 14.0 resulted in a good
agreement of similar pattern of failure stress curves. The simulation model has been
predicted, thus can be'used to simulate the T-joint and adhesives at numerous boundary
conditions.

XV



CHAPTER 1

INTRODUCTION

1.1 Background

An adhesive is a substance that is capable of holding materials together by the
surface attachment. The use of structural adhesives in the industry has grown extensively
in recent years. This can be attributed to-a number of desirable qualities which adhesive
bonding allows in comparison with.more traditional joining techniques such as riveting
and welding. In addition, some-of the advantages that the use of adhesives can offer are
the ability to join dissimilar materials efficiently, being the most convenient and cost
effective technique’ and moreover, having the adhesive increase flexibility in bonding
design (Baldan; 2004).

According to Grand View Research Market Research and Consulting (2014),
China’s adhesive market shows an increasing volume from 2012 to 2020 in respect to
global classified adhesive, water-based, solvent-based, hot melt, and reactive on the basis
of technology as shown in Fig. 1.1. Adhesive is an eco-friendly nature with zero volatile

organic compound (VOC) emission contributing the main factor to a higher demand.
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Figure 1.1: China adhesives market volume by technology, 2012-2020 (Kilo Tons).

Many considerations need to be taken into accountwhile choosing the compatible
adhesive. Environmental effect on the adhesive is an important attention and aspect in the
early stage of design. Water is the hostile agent in_degrading the performance of adhesive
joint while the durability of the adhesive joint reduces after long exposure in the water
(Mubashar, Ashcroft, Critchlow, & Crocombe, 2009). Furthermore, modulus, strength
and strain are also affected hy.the moisture environment as compared to specimen in a
normal environment (Abdel-Magid, Ziaee, Gass, & Schneider, 2005). This limitation
addresses one of the-most fundamental problems in an attempt to make the adhesive a
bonding application in the industry.

The transport and movement of water molecule in the adhesive structure are
critical investigation aspect in order to study the adhesive degradation behaviour. The
effects of moisture to the adhesive applications are difficult to avoid because water
naturally exists in the normal atmosphere environment. Besides that, moisture absorption
usually degrades adhesive performance, strength and reduce the glass transition
temperature, Tg. Therefore, the effects of moisture content in adhesive are very significant

criteria in designing an adhesive application (Li, 2000).



1.1.1 Urea granulator fluidization bed

Granulator fluidization bed is a main component of the urea granulator system.
By utilising thin stainless steel perforated plate, fluidization air from blower passes
through the perforated plate to form air cushion. Air cushion is very crucial for newly
formed granules to travel out from the granulator. It is noted that suitable amount of water
is important during granulation process (Miwa, Yajima, lkuta, & Makado, 2008). The
schematic diagram urea granulator fluidization bed from Toyo engineeritg Cooperation
was shown in Fig.1.2 (a) and the actual urea granulator fluidization bed'in Fig. 1.2 (b).

Spot welding is used to join perforated plate to its frame-structure. This technique
possesses unreliable joining due to high stress conegntration and vibration of the
component (Deshmukh, Burande, Shukla, & Kamble, 2014). Joining failure causes
granulator to immediately shutdown, which~costs a significant loss to the company.
Therefore in this research, uniaxial loading will be conducted by referring the force exist
in the fluidization bed (Papiya Roy, Rajesh Khanna, 2008). Finite element analysis test
under hydrothermal condition will be performed as a case viable to study adhesive
bonding for urea granulator fluidisation bed. Fig. 1.3 shows perforated plate lift off due

to joint failure,
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1.2 Problem Statement

Petronas Chemical Fertilizer Kedah (PCFK) Sdn. Bhd used spot weld to join the
perforated plate in urea granulator fluidisation bed. However, very particular welding
technique requirement causes the weakness to the plate materials properties and the thin
plate lifted off during the granulation process. Thus adhesive was proposed as an option
joint technique. Environment condition is essential consideration while design the
adhesive joint. Urea fluidization bed involved wet cleaning routine with hot condense of

water once a month.

The adhesive bonded joint is study in this researchregarding hydrothermal effect
for urea fluidization bed exposed in the humid environment. An appropriate joint strength
and effective bond thickness of adhesive perhaps can avoid joint fail. This adhesive under
hydrothermal effect should be investigated to provide joint strength properties as
compared to normal room temperature. Finite element analysis also are required in order

to validate with experimental.investigation.

1.3 Research objectives

This)research aims to extract the understanding on the adhesive bonding which
requires further investigation on variation parameter of hydrothermal effect and thickness
under uniaxial loading. The finding from this study can be used to develop the adhesively

bonded T-joint. The objectives of this study are addressed as follows;

i. To examine the hydrothermal effect of moisture to adhesive joint strength
behaviour specimen exposed in two conditions; room temperature and dry (RTD)

and elevated water temperature (EWT).



ii.  To evaluate the influence of different adhesive bond thicknesses by comparing
those properties with the values at RTD and EWT.

iii.  To predict the failure strength of adhesively bonded T-joint subjected to tensile
loading with the values at RTD and EWT using finite element model and compared

with the experimental result.

1.4 Research scope

In this study, the hydrothermal effect on epoxy adhesive, with variable bond
thickness is investigated in parametric studies. The material in this study involves
stainless steel 304 containing two parts, namely stainless steel plate with dimension of
100mm X 100mm X 10mm and stainless steel perforated plate with dimension of 100mm
X 80mm X 1.25mm. This specimens are made from actual 1.25mm perforated plate to
simulate the actual structure of fluidisation bed in PCFK granulator equipment. Araldite
epoxy adhesive was used in thisstudy.

The specimen is €xposed into two conditions, room temperature and dry (RTD)
and elevated water-temperature (EWT) for bulk adhesive specimen and T-joint specimen.
Besides that,Cthe experiments are conducted in the room temperature for both bulk
adhesive and T-joint specimens subjected to axial loading; compression and tensile. The
thickness of adhesive and temperature of water are considered as parameters in this
investigation. The thickness was varied as 0.5mm, 1.0mm, 1.5mm and 2.0mm, while
aging condition at water temperatures of 80°C, 90°C and 100°C were used in this study.

Other than that, the geometrical T-joint specimen is modelled in the Solid Work

software and imported into ANSYS 14.0 for finite element analysis. The prediction of



finite element analysis (FEA) is studied in terms of failure stress at the adhesive part as

the determination of failure criteria.

The effective thickness of adhesive and hot water is determined in this research
by observing the performance of the adhesive under the moisture environment.
Furthermore, the influence of water absorption on the deformation of the adhesive is
investigated. The performance of the adhesive is estimated to be validated based on the

failure stress by comparing the result from FEA and experiment works.

In general, this research can be separated into three main phases:

e Experimental works under compression and tensile loading.
e Parametric study with respect to variation thickness of the adhesive and
different conditional exposes.

¢ Finite element analysis (FEA) development.

1.5 Thesis outline

Chapter 2 accesses a literature review of the research. Consideration in applying
the knowledge,to study the effect of water towards adhesive is reviewed from other
researchers. Also, the environmental factors such as moisture and the adhesive joint
designs observed from others studies are discussed, followed by the deviations of epoxy
adhesive in terms of material properties and the chemical reaction when exposed into
water.

Chapter 3 discusses the detail method used in the study, while materials and
process to prepare the specimen are explained. Also, the environmental condition applied

in the case study and the experimental procedure of the test conducted are presented



properly in this chapter. American Society for Testing and Material (ASTM) is referred
as guidance to conduct the test and all procedures used in ANSY S software to predict and
compare the result with experiment in terms of geometry, material declaration and
loading applied are shows in this research methodology chapter.

Meanwhile, Chapter 4 explains the data obtained from the experiment and detail
discussion of the result. Next, the test of water absorption by the adhesive is observed to
see the behaviour of the absorption water by the Araldite epoxy adhesive. The strength of
the adhesive is performed by compression and tensile loading is observedin the numerical
data, followed by predicting the approach of the testing conducted by finite element
analysis (FEA) in ANSYS. The physical effect to the adhesive surface due to water
absorption is next viewed using Scanning ElectranyMicroscope (SEM) and result of
thermal effect is presented.

Chapter 5 summarises all the findings in this case study. The response of the
adhesive when exposed in the moisture environment is concluded, and the contribution

to knowledge of this study for future work is proposed.



CHAPTER 2

LITERATURE REVIEWS

2.1 Introduction

The literature review in this chapter focuses on the-aspects which corresponds to
the case study and related issues to the research objective. The information from other
researchers is used as a guideline to structure\the experiment and the analysis. Besides
that, this literature review also helps to-adequate all the steps and information required to
represent the finding in proper order in which the environment exposed to the adhesive
epoxy resin has been reviewed in other studies. The adaption of the adhesive in moisture
condition by properties changes after the loading is presented in the literature review

chapter.

2.2 Adhesive joint

An adhesive is a substance that is capable of holding materials together by the
surface attachment, whereby materials being joined are called adherents. Adhesive has
also acknowledged in the bonding structural application in many industries and
technologies including automotive, aircraft and electronics. Besides that, many

researchers have studied influential factors of adhesive bonding that cover a broad



