CHAPTER III
EXPERIMENTAL WORK

The following experimental work concentrates on how to

improve the mechanical properties of epoxy resin especially the

vz composite polymers by adding

tougheness. The concept i

some types of rubber in

\
i

diglycidyl ether of bispherol=A (DGEBA)." It is manufactured by Shell
Chemical Company Limited- -.s‘-_=-¢:f_ e tradename of “EPIKOTE 828”.

DGEBA is viscousﬁqul cc. The epoxy content

is about 5,260-5,420 millimol/’kg. The structure of DGEBA is shown in

Figure 3.1 ﬂ‘lJﬂ’J'Vl?m‘ﬁ‘WMf‘i

i CH3 (0}
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CH3 CH3

Figure 3.1: The structure of Diglycidyl ether of bisphenol-A (DGEBA).
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The reasons of choosing DGEBA type of epoxy resin as the
matrix are because they are most widely used in many industries and they

can easily react with most of the curing agents.
3.1.2 Curing Agents

Diethylene triamine( from Shell Chemical Company

Limited was used as the present work. DETA is an

. . . — ..J : .
aliphatic amine type .wlong chain structure. As
depicted in the struc of PETA in Figure;3.2, DETA has five amine
groups in one singlg an easily react with the

epoxide group in the®€pg

Figure 3.2: ’ﬂe structur ylene ﬂamine (DETA).

%%&&na njlmgﬂg’]a&ie present study has
an amxaewnéf QfT EJ iﬁl ﬂﬂtﬁ(ﬁh a density of
0.95 g/ec. Its molecular weight 1s 1 ost significant

property of DETA is that it can react with epoxy resin to form
crosslinkages at room temperature. The reaction is exothermic; the heat
generated during the crosslinking reaction may enhance the temperature
of the epoxy system to about 100 °C. The rate of the reaction of DETA

with epoxy resin depends on the temperature of cure too. a higher cure
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temperature can increase the reaction rate and leads to a more brittle

epoxy.

3.1.3 Additives

The additives used individually in this experiment are four

types of synthetic rubber. The \ / 0 rubbers are solid rubber particles

Sdewith a coupling agent. The
.-J
other two rubbers are © —'w;: stag our types of rubbers were

whose surface was trea

applied separately e tougheness of the epoxy

resin.

"NE
For pargiclg bbﬁ‘;

0 e I:iv / 3’ was used. It was
...ﬁ?::’l—'. \

manufactured by Good ¥ear Cor y Limited. The NBR is a

‘ -butadiene rubber (NBR)

under the tradename

copolymer of acrylonitri c-and: ith the acrylonitrile content of

33%. The NBR &75?‘-‘-—@ e size tanige T
light with a densﬁymf o/c

Its chemical structuregds.shown in Figure 3.3.

ﬂuﬁqwﬂwﬁwa“ﬂﬁ
@Mﬁﬁmﬂmgﬂﬂ% TEREGH

m02505mm It is

d a non-reactive rubber.

Figure 3.3: The structure of Acrylonitrile-co-butadiene rubber (NBR).
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Another type of rubber used was a liquid rubber. It is also
copolymerised from acrylonitrile and butadiene but both ends of the

(13

chain are terminated with carboxy groups. It is known as “ carboxy
terminated butadiene-co-acrylonitrile rubber ” or CTBN. In this
experiment, two types of CTBN’s are used namely the “PERBUNAN N

LATEX 1590” which has an acrylonitrile content of 15% and the

“PERBUNAN N LATEX VT an acrylonitrile content of 30%.
ied b 4 Limited.

PERBUD NAAT f 1590 has an approximate viscosity

of 13 milliPa.sec 0.98-1.00 g/cc. The

acrylonitrile content’ i3 s, capable of self-crosslinking.
PERBUNAN N LATEX T,,,h ' toximate viscosity of 50
QKJ- |

milliPa.sec. Its densi g"}* L
AEET N

content is 30%. Both typegiofliquid

11 g/cc. The acrylonitrile
bbers are reactive and they

can react with the epoxi F e i/ the epoxy resin. The structure of

3 :
Figure 3.4: The structure of liquid CTBN rubber.
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3.1.4 Coupling Agent

In this experiment, a titanate coupling agent under the
tradename of “LICA38” was used. It was supplied from Kenrich
Petrochemical Incorporation. LICA38 is green grown. It has a viscosity
range of 1200-9000 cps at 25 °C. The density of LICA33 is 1.13 g/cc at
cording to ASTM-D86 is 71.1 °C

V2

or 160 °F. Its pH range i
..J

plasticizers such as DOP,.DIiD P M@ylene. The structure of
| a1
LICA38 is shown in Jiguze 55 N

16 °C. Its initial boiling poin

8 can be'soluted in aromatic

CHy=CH—CH0
CH3—CHy

CHy=—CH—CHO0—€

Figure 3.5: The £

3.2 NBR W%ﬁw ,-] ﬂ ‘j
q w&’a@ﬁ 6/3 m%%’qﬁWﬁed as titanate

couplin% agent. The surface treatment of NBR was conducted by
dissolving LICA38 in a small quantity of ethyl alcohol solvent. The
compound was then poured into a mixing chamber where more solvent
was added. NBR particles were added while continuously stirring the

system for 1 hour. The slurry was later dried in an oven at 70 °C for
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approximately 48 hours for complete elimination of the solvent. The
product received was titanate-treated NBR which was more yellow in

colour than the untreated NBR.

3.3 CURING PROCEDURE

To curing Stesin, a stoichiometric amount of the epoxy

resin and the diethylénedriamine was used. " This was calculated to be
.' ‘ 10.9 part by weight of the
DETA. Both the epo ‘ H‘ '-,M, “I'A were mixed by mechanically
A0S TN Wrhen they were transferred

oated with a silicone mould

releasing agent. The compound was leftto cure at room temperature for
about 2 hours. ”fé-m&-‘-a--‘ ted by heatime the system at 40 °C for
v y el

30 days. Post curﬂv

hours.  Then, the system was slo cooled to room temperature to

winimize bS] D90 18 S IURPHR St ot exoss 10

C/min. Flguré" 3.6 shows the erosslinking.network of gpoxy resin cured

with dienifend Giind 3 614 & V1 VIE16 E

mﬁn oven at 120 °C for 2
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OH
|CH2_CH_CH2_
CHy—CH—CHp— + NHp—R—NHp; ——> —CHZ—?H—Cﬂz_N
. _ OH OH
Epoxide group Diamine N—CHZ—(l:H—CH —
— CH;—CH—CH2
OH

Network Crosslinking

For rubbegme od- ‘ es, the epoxy resin and
the DETA were prepargd at a- metric of 100 to 10.9 parts by
weight respectively.” Nk a}m .14 g and it is used as the

modified additive for thg ep ‘TeSifls forementioned amount of

in the epoxy resiad The p

conducted for anotl'Jr 10 to 1 minitess. The

transferred 1rﬁ ﬂ g?ﬁﬂﬂmﬂy een coated with a

silicone mou n ft to cure at room

g N STV T T o e
or urs at

30 days.qFinally, the system was post cure 20 °C. Then,

u1d composite was then

it was slow cooled to room temperature. Other composite systems with
greater amount of NBR were prepared. The amount of NBR in each

system was increased to 10, 15, 20, 25 and 30 % by volume respectively.
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The additives used were NBR, treated NBR, and two types
of CTBN. They could be done by the same procedure as adding the NBR
in the epoxy resin. However, the CTBN which have acrylonitrile content
of 15% can be filled in the epoxy resin to only 25 vol% and the CTBN
which have acrylonitrile content of 30% can be filled in the epoxy resin

to only 10 vol%. This is because the viscosity of the epoxy resin when

filled more than the aforewff/) ount of CTBN is so high that it
does not flow. :
Z.
— "J
f

3.4. MECHANIC

is a fast test that yields several
ng their service life, plastic products
) “period of time. Their

deformation is hencﬁ induced o

A MR B VI BRRG2 2 mm win o

thickness of }l mm were individually compressed between two parallel

plates QTﬁ lﬁ?&nﬁmw r])@%&l)q ar%l a mechanical

testing machme (LLOYD model 200R). The crosshead speed was set

< ﬂ)mpresswe stress.

constant at 1.3 mm/min. The test was conducted at a standard condition
of 23 °C. Ten specimens were tested for each composition. Only
average values were reported. Figure 3.7 shows schematically the

compression tool and the test specimen.
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Testing Machine Head

Test Specimen

Figure 3.7: The compression @%‘”})1 test specimen.
N\
e |

é—) —
3.4.2 Tensile ?

properties of pure,

conditions such as t all _ ature of test, humidity and

Tensile properties ‘c-.--—-<:—-—--—,;,;5---14---@-;\—-7-'—7 specimen preparation,
the crosshead speedljnd .
and dimension is conformed to that specified in the ASTM D638-91 as

shown in Figﬁ!leu&.l aeﬂﬂemﬁtﬂﬁk%ﬁ §) mm. All surfaces

of the ﬁe imen is free of visible flaws, scratches, or imperfections. Any

.esE'ng. The specimen shape

y bodksd achintighipllationt husd bé Grétuly removed

with a fine file or an abrasive; and the filed surfaces shall then be

marks

smoothed with an abrasive paper number 00 or finer. The finishing
sanding strokes must be made in a direction parallel to the long axis of
the test specimen. The test specimen was held in such a way that

slippage relative to the grips was prevented insofar as possible. The
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specimens were conditioned at 23 2 °C and 50 +5 % relative humidity
for not less than 40 hours prior to the test and between the test, too.
Testing machine speed is kept constant at 1 mm/min. Eight specimens
were tested and only the means of these results were used to analyse and

compare with other specimen formulations.

speci ‘
oo BHEANINTNENT
QR)AIDAMNAVZIELALL, oy

break a notched specimen upon application of a sudden load by using a

pendulum. The notch was made by using a revolving multitooth cutter
disc. Both the feed speed and the cutter speed were constant throughout
the notching operation. In general, a combination of a high cutter speed

and a slow feed rate will result in greater thermal damage than a slow
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cutter speed and a fast feed rate. Using a high feed rate or a high cutter
speed ratio can induce crack in the specimen. Impact specimens were
notched (45°) by using a Toyoseiki notch cutting apparatus. The shape
and dimensions of the test specimen are shown in Figure 3.9. The
notched specimens were tested according to the ASTM D-256 procedure
by using the Izod Toyoseiki Tokyo tester. The Izod tester, the notched

specimen and the specimen support shown in Figure 3.10 . The test

relative humidity. w
Only average mlue&/

WITH SECTION

INYAY
B 32 oo max ] 260 max
31.50 min 1.240 min
@ 63.50 max 2.500 max
60.30 min 2.375 min
D 0.25R + 0.05 0.010R + 0.002
E 12.70 £ 0.15 0.500 + 0.006

Figure 3.9: The dimensions of an Izod impact test specimen.
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Point of Impact

N
«b
5 B
7 &/
7

Figure 3.10: Cantileyer/beaf =Type) impact machine.
Pieres’ N

s =

3.4.4 Falling #!?@J
The falling fhe impact resistance to be

\f
!
measured. This is }ndicated by the energy to break or crack the epoxy

systems at ﬂl% Hﬁa%% w@u%tﬂqﬁ@ molded plate with 2

mm in thickHess was tested according t&the procedu&g set in the ASTM
D3R YER R GO B DBl tster (o
D-4092). The falling weight machine is shown schematically in Figure
3.11. The test was performed at room temperature of 25 °C. The energy
absorbed versus the sample deformation and the dart velocity were
obtained for each sample. Three specimens were tested for each

composition. Only average values were reported.
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3.4.5 Douﬂe Torsxon Test

ﬂ‘lJEl’J“v’lEWlﬁWEl']ﬂ‘i

4Double torsion test is performed to find the energy required
o SR GBI TRl gt
piece With the dimensions as shown in Figure 3.12. The specimen is 110
mm in length, 52 mm in width and 4 mm in thickness. The specimen is
eroded to a ditch which looks like a U-shape with 1 mm in width and 2

mm in depth.
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Test was

aci \ o tes specimen on a double
torsion fixture. The

3.13. A fixture

ich wn schematically in Figure

1s Jole
adel It 1 ';\-\\_\._ ‘. -
. = : ‘ _ \ .
specimen were placed ALOYD \\: ——

A
=l
15

The fixture and the

Compression

mode is used with a crosshead rate ©£0.05 mm/min. All test specimens

were conditioned at 23 £2 J +5 % relative humidity for not less
: i e 4 |

than 40 hours priorite

AIL specimens were tested

oy

and the analysis

Figure 3.13: Double torsion fixture arrangement and specimen.
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3.5 SAMPLE CHARACTERIZATION

3.5.1 Density Test

The density of a solid is a conveniently measurable

property. Frequently it is a. perty related to some physical
changes in a sample. density’ of the sample is
ASTM D1505-85 is

- )
determined by using dé; i rﬂﬂj&
applied in the densi Asiiréner ers the determination of

s allowed to sink in a

density of solid p

liquid celumn exhibi

The test >  1S __J' ' any convenient shape for

easy identification but i )¢ 1d | j the!dimensions that permit the most
accurate position measméﬁﬁ?lf-‘.‘fd “the “center of volume when the

\ el - .
specimen was suspépded-in-the- quid. The spe vitien must be free of any

foreign matter an(g voids. aveﬂno cavities or surface

characteristics that willscause entrapment of bubbles. Moreover, care

should be t%uxﬂcgtm &ngxng a'fi]lihanges in density

resulting from com&essive stfess. The density of lié.\id layers in the
1

eradiet cblunk thiaked oo 1ol bt THovel which the

sample sinks in the column shows its density.

Density-gradient column can be made by filling the solution

of two liquids into a tall cylinder immersed in a controlled water bath.

The temperature of the water bath is kept constant at 23 + 0.1 °C. The
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liquid system chosen must have a range of density cover the density of
the test specimens. Table 3.1 shows the liquid systems for density-

gradient columns.

System Density Range,
g/cm’

Methanol-benzyl alcohol 0.80 to 0.92
Isopropanol-water 0.79 to 1.00
Isopropanol-diethylene glycc 0.79to 1.11
Ethanol-carbon tetrachl -w\_ w 0.79 to 1.59
Toluene-carbon tetrachloride : 0.87 to 1.59
Water-sodium bromide b . 1.00to 1.41
Water-calcium nitrate A/ \._ 1.00 to 1.60
Carbon tetrachlozide-tri f | -.1.60to 1.99
Trimethylene dibrous

Ethylene bromid

Table 3.1: The liquid nt columns
| A
: luene-carbon tetrachloride
(CCly) system was chog_gﬁ"‘?@ga density range appropriately
covered the densityerange of pure epoxy and th rubber modified epoxy

were mixed at eleven

Toluen
different ratios as shoyvn in Table 3. 2 Each amount of the liquid at the

predetermlneﬁ u E}Q%e&}wﬁeﬂé‘)ﬁrﬂ ﬂ ﬁj)wn in Figure 3.14.

The column was left untouched to settle for 24 hours. The density

gradierpaln lachie Weﬁih%ﬂ '1:‘3 Wt&lﬂaﬂse&led

composites.
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Level Carbon tetrachloride Toluene Total amount
(co) (cc) (co)
1 (bottom) 40 0 40
2 36 4 40
3 32 8 40
4 28 12 40
5 24 16 40
6 20 20 40
7 16 24 40
8 12 28 40
9 32 40
10 36 40
11 (top) ‘ 40

) ,
Table 3.2: The eleventatios-of the tolucne-CL 14 system for
density g 1

g)
‘ YT

sy WG Bae

solution system.
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3.5.2. Differential Scanning Calorimeter (DSC)

The glass transition point of the pure epoxy resin was tested
according to ASTM D-2117. The equipment uesd was a Differential

Scanning Calorimeter model 2110 TA Instrument tester.

/s ﬁ sample . cells are shown
-.-d. .
wn of the pure epoxy resin

The DSC

schematically in Figu

and the rubber-moM

r—

" \ i
=z
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N

[

|

L
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L AN
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=

Figure 3.15: The DSC sample cell consists of a sample pan (S)

and a reference pan (R).
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3.5.3. Dyanmic Mechanical Thermal Analysis (DMTA)

The technique of DMTA was used to determine the glass

transition temperature (T,) of epoxy resin and the rubber-modified ones
' ethod, the sample was deformed
. . y&e which was usually applied
as a function of a sine ilethe ure was raised. The results

indicated the sinu s8dstra \%’hlp Many modes of

vibration are possibl€. #Th¢ Speci be loaded under tension,

via their state of chain motio

cyclically under a sinus

A MTA Mk IIT ; Polymer
Laboratory). The sqg,%g cantilever é}lode was used. Specimens were

prepared by §attink Fégnpdihd 84 o8 fih hWidih, 25 mm in length

and 1.5 mm inq{hickness The test was conducted at a frequency of 1 Hz.

The i rle5Vad B Qple. 1] secimbh ) et over a broac

ttemperature span from -100 °C to 200 °C. The T, of the epoxy was seen

at the peak of tan 6.
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(b & — =

(c)tgqnm and ]B
A THaninenns
QUGN PR MV IEREL

In scanning electron microscopy, electron can be reflected

from the surface of an object which are often used for display. The
incident electrons from the electron source acted as a beam, which is then

scanned over the entire area of fracture surfaces. The morphology of the
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fractured epoxy and the rubber-modified epoxy composites was studied
by using a scanning electron microscope (JOEL JSM 840A). The
fracture surfaces were sputtered with 300 A° in thickness of gold. The
accelerating voltage for the SEM was 10 kV.

I .,
AULINENINYINS
ARIAATAUNNINGIAY
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