CHAFHER IV
RESULTS AND  DISCUSSIONS
4.1 Synthesis of 2,2-BisC4-(2-hydroxypropoxy)phenyl]propane
2,2-Bis[14-(2-hydroxypropoxy)phenyl]propane was prepared,
by the reaction of a mixture of 1 mole of hisphenol A and 2 mole

of propylene oxide in the presence of alkaline catalyst, sodium
hydroxide solution, in water media.
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2,2-b isI4-(2-hydroxyproboxy)phenyl]propane

Thin-layer  chromatographic  technique was used to
monitor the reaction. By using chloroform : methanol (6:1)
as the developing solvent, it appearred 2 spots at RF value
0.33 and 0.45  which corresponded to  bisphenol A and
2,2-hisl4-(2-hydroxypropoxy)phenyl]propane,  respectively. Thin
layer chromatography thus confirmed that the product had been
formed..
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This product was viscous liquid with light yellow color
or clear color as crystal. After prolong storage, it was changed
to wax-liked. It had a melting temperature at about 57-S8°C. Its
solubility was tested, as shown in Table 4.1. The results were
agree with the reported data in reference 39 as the product had
excellent solubility in aromatic hydrocarbon in  aromatic
hydrocarbon, alcohol, acetone, ether, tetrahydrofuran but
non-soluble in hexane, and water.

Table 4.1 Solubility of reactant (hisphenol A and propylene
oxide) and 2,2-bisC4-(2-hydroxypropoxy)phenylipropane

Solvents Bisphenol A Propylene Oxide Products
acetone very good very good  very good
benzene bad bad very good
carbon tetrachloride bad. bad. good
chloroform good very good  very good
cyclohexane bad. bad bad
N,N-dimethylformamide very good very good  very good
ethanol very good very good  very good
diethylether very good very good  very good
hexane bad ted bad
methanol very good very good  very good
methylene chloride good very good.  very good.
petroleum ether bad bad bad
toluene bad bad. very good
water bad good bad
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Identification of this product was compared with
bisphenol Aby using IR, NV\R GC and DTA analysis. IR (KBr)
spectrum  of  bisphenol A and IR (NaCl) spectrum of
2.2-hisC4-(2-hydroxypropoxy)phenylipropane  were  exhibited in
Figure 4.1-4.2, respectively. The absorption band  of these
substances were similar, thus this technique cannot identify
the  difference  of  structure of  bisphenol A and
2.2- bisC4-(2-hydroxypropoxy)phenylipropane. The absorption bands
of these substances were interpreted in Table 4.2,

Table 4.2 The assignment for the IR spectrum of bisphenol A
and 2,2-bisc4-(2-hydroxypropoxyjphenyl propane

Absorption frequency Assignment
J (m )
3600 - 3200 H - bonded -OH group
3050 ¢ - Hstretching in aromatic
2900 ¢ - Hstretching in aliphatic
2000 - 1667 para - disubstituted overtone
in benzene ring
1600 5 1400 C = ¢ stretching in aromatic
1500 ¢ - Hbending ("CH2 , -CH3>

1230 ¢ - 0 stretching
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Figure 4.1 IR (KBr) spectrum of bisphenol A
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Figure 4.2 IR (NaCi) spectrum of
2,2-hisC4-(2-hydroxypropoxy) phenylipropane
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The [HNVR spectrum for  hbisphenol A and 2,2-bis-
[4-(2-hydroxypropoxy>phenyl]propane  were exhibited in Figure
4.3-4.4, respectively. The difference between these substances
can seen clearly by NVR spectrum. The signals of the similar
protons of these substances were slightly changed the chemical
shifts ~ as shown in Table 4.3-4.4, respectively. The HNWR
spectrum  of 2,2-bisC4-(2-hydroxypropoxyjphenyl]propane showed
the signals at i4-13, 3.90, 3.75, and 1.18 ppm  which
corresponded to protons of the propoxy groups and the signals of
hydroxyl group was shift to high field at £2.49 ppm. Consequently,
the  IHNMR spectrum in Figure 4.4 was confirmed that it was a
structure of 2,2-hisC4-(2-hydroxypropoxy)phenyl]propane.
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Figure 4.3 1HNMR (CDCl ) spectrum of hisphenol A
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Table 4.3 The assignment for the IH-NMR spectrum of bisphenol A

Chemical shift. Assignment
¢ (ppm)
7.08 meta proton  CHB]
6.70 ortho proton
4.65 -OH
1,55 v

/ c-h&
SEBAARR K

HO-CH-C-O-* N)-0-C-CH-OH
hhe ™ Hddmwe re w
H H . H

I, 2-bis C4-(2-hydroxypropoxy ) pheny 1lpropane

Figure 4.4 THNVR (CDCL,J spectrum of
2,2-bisc4-(2-hydroxypropoxy)pheny]Dpropane
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Table 4.4 The assignment for the ~NMR spectrum of
2,2-bisC4-( 2-hydroxypropoxy) pheny 11propane

Chemical shift Assignment
J Ippm’
1.16 meta proton  CHBD
6.75 ortho proton  HA]
c
4,13 \-0-C-CH-0-  tHCI
. H
3.90 Vo-c-c-0-  :hd
c
3.75 '/\/o-c-c-o- CHE
2.49 -OH
155 Weoid Y
ERSIT
CH,
125 Vococ-d- ong:

The GC chromatogram for 2,2-bisL4-(2-hydroxypropoxy)-
phenyllpropane  was shown (Figure 4.5) the retention time at
27.45 minute and the solvent retention time of ethanol was
appeared at 0.46 minute but bisphenol A has the retention time at
16.95 minute. From this chromatogram is shown that the
synthetic monomer has high purity.
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Figure 4. GC chromatogram of
2,2-hisC4-(2-hydroxypropoxy>henyl propane

When  2,2-hisC4-(2-hydroxypropoxy)phenyl]propane
heated under atmosperic pressure and temperature 100-250°c, it
does not change characteristic and properties. Figure 4.6 showed
that this monomer had melting temperature about 57-S8 ¢
and decomposed at 300°c, but bisphenol A had decomposition
temperature at 2S0°C. Thus the advantage of this monomer was
high heat resistance.

nnnnn

Figure 4.6 Differential thermal analysis thermogram of
2,2-hisid-(2-hydroxypropoxy)phenyl]propane
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4.2 Synthesis of Self-emulsifiable Unsaturated Polyester Resin

The unsaturated polyesters are derived from a production
process which involves the condensation esterification of
dihydric alcohols and dicarboxylic acids. Alteration of the
chemical structure by processing techniques and raw material
selection is a method of achieving the desired properties
in the formulated resins.

The most commonly used unsaturated acids are fumaric
acid and maleic anhydride. Maleic anhydride is the most economic
derivative but fumaric acid can be substituted maleic anhydride
because it tends to give lighter coloured products (24). They
confer the fundamental unsaturation to the polyester, which
provides the reactivity with coreactant monomers such as styrene.

Self-emulsifiable  unsaturated polyester resin  was
prepared Dby the reaction of a mixture of 1 mole of fumaric
acid or 1 mole of maleic anhydride and 1.0s mole of
2,2-hisC4-(2-hydroxypropoxy)phenyl]propane in the presence of
polyethylene glycol number 1500 that acted as emulsifier
which allowed to participate in the reaction, whereby a
self-emulsifiable polyester is obtained because polyethylene
glycol will increase the sensitivity of polyester to water,
The hydrophilic groups, polyethylene glycol, was introduced into
the polymer chain or in side chain to prepared water-soluble
polyesters (42). However, the emulsifier was utilized in small
quantity because of it does not substantially increase the water
sensitivity of the cured, films which are ultimately obtained when
these polyesters were used, as film-forming agent on glass fiber
surface. Hydroguinone was added to the reaction to prevent
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gelation at high process temperature. The structure of both
unsaturated polyester resins have similar  model shown as
follows

I
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unsaturated, polyester resins

Maleic anhydride exists in a planar configuration of low
conformational energy, and the conversion into inaleate diesters
and  oligomers during the initial esterification reaction
increases the strain energy across the double bond because of
st.eric hindrance. At lower reaction temperature, i.e. 160°, the
maleate esters remain in this condition,, but as the reaction
temperature exceeds 180 c, they effectively relieve the strain by
transforming to the more planar trans-fuinarate isomer, which
reduces the steric congestion (26).
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In conventional fusion melt, the long reaction time,
usually at temperature above 180°c, causes the rnaleate ester to
isomerize to the corresponding fumarate. This isomerization
during the polyesterification process is of fundamental
importance  in the development  of  optimum  physical
characteristics. The isomerization of rnaleate to fumarate may
only be partially completed, which is 1iflected in the product.
Maleate esters, because of the increased strain across the
double hond, are distorted slightly from a planar configuration,
which suppresses their ability to copolymerize with styrene.
The corresponding fumarate polymers are subject to less steric
interference in the trans form and are able to assume a planar
configuration, displaying reactivities almost 20 times those of
the maleate reaction products in subsequent copolymerization
reactions with styrene (25).

The extra advantage of this formula is the increment of
an alkali resistance which is the principal deficiency of
polyester resins. The ester linkages are subject to hydrolysis in
the presence of the alkali. Increasing the size of the glycol
has the effect of reducing the concentration of ester linkages.
Thus,  2,2-bisrd-(2-hydroxypropoxy)phenyllpropane is able to
separate ester linkages to increase an alkali resistance of
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polyester resins (27,43). It is a good adhesive compound by
bisphenol A imparts the ability for better bonding to metal,
glass, and other substances (44). Furthermore, the incorporation
of this monomer into the resin system is claimed, to impart to
enhancements in flexibility, shelf-life, and processability of
the resin systems (45,46)

During the reaction, acid number of polyester was
determined every hour (Figure 4.7). when the acid number of the
reaction  mixture becomes lower than 25, the reaction was
stopped.. These products appeared to be highly viscous liquids,
light yellow color for polyester from fumaric acid and intense
yellow color for polyester from maleic anhydride. Both of them
also have a softening point at 95°c.
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Figure 4.7 Determination of acid number during preparation
of both unsaturated polyester resins
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IR (Nad) spectrum of both the unsaturated polyester
resin  has similar characteristic (Figure 4.8-4.91, thus this
technique cannot identify the difference structure of both
polyester resins. The absorption bands in these spectrum were
interpreted in Table 4.5. The absorption band atJ - 2000-1667 cm
which indicated the appearance of the para-disubstituted overtone
in benzene ring couldnot be observed from the IR spectrum because
it was shielded by the absorption band of carbonyl group. The
absorption bands atvl= 1600, 1450, and 830 cm 1 which indicated
the appearance of double bond and the absorption band at
J = 1725 em 1 which indicated the appearance of carbonyl group
confirmed that there were unsaturated polyester resins.

Table 4.5 The assignment for the IR spectrum of both unsaturated,
polyester resins
Absorption frequency Assignment

J (m )

3600 - 3200 H - bonded - OH group

3050 ¢ - Hstretching in aromatic
2900 C - Hstretching in aliphatic
1725 ¢ = 0 stretching in aliphatic
1600 5 1450 C = ¢ stretching in aromatic
1500 C - Hbending (* CH, -EM

1300 - 1210 C-0-C asymmetric stretching
1190 - 1090 C-0-C symmetric stretching
830 C = ¢ stretching in aliphatic
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The "NMR spectrum of polyester from fumaric acid and
maleic  anhydride were exhibited in  Figure  4.10-4.11,
respectively. The difference between both polyesters can be seen
clearly by MR spectrum. The signals of the similar protons
of both polyesters were slightly changed the chemicals shifts
as shown in Table 4. -4.7, respectively. The IHNVR spectrum
of polyester from fumaric acid (Figure 4.10) was shown the signal
at i 1.30 ppm which corresponded to proton of methyl group and was
overlapped with the signal of olefinic proton (trans-isomer
carbonyl group), thus this signal was induced to high intensity.

Figure 4.10 IHNVR (CDCI3) spectrum of polyester from
fumaric acid
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Table 4.6 The assignment for the "-NMR spectrum of polyester
from fumaric acid

Chemical shift Assignment
‘S(ppm)
715 meta proton [HBJ
6.85 ortho proton (H
C
I
4.20 \>o-c-CH-o- [H ]
N
3.90 \>0-c—c-o- CH3
C
[
3.75 \>~o-c-c-o- CH]
[
H
X8 / .
1.65 /c-c-c\ \ [H 3
[
CH,,
\ Tl o
1.30 o—c-c—0~c-(‘_c-c- [H ]
o

The "-NMR spectrum of polyester from maleic anhydride
(Figure 4.10) was shown the signal of methyl proton that would
be experiment differently in NVR Therefore they appeared at
difference chemical shift, 1.40 and 1.25 ppm. Consequently, the
IHNMR spectrum maleic anhydride confirmed that it has a mixture
of cis- and trans-isomer of carbonyl group. Percent of cis- and
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trans-isomer of carbonyl group can be calculated from the height
of signals, as folows

%of carbonyl group in cis-form = M X 100 = 4%
M+ F

%of carbonyl group in trans-isomer = F X 100 = 58%
M+ F

where M= the height of signal of methyl proton in cis-isomer
F =the height of signal of methyl proton in trans-form
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Figure 4.11 |HNWR (CDCI3) spectrum of polyester from
maleic anhydride
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Table 4.8 The assignment for the IHNMR spectrum of polyester
from maleic anhydride

Chemical shift Assignment
J(ppm)
1. 1S meta proton  CH1
6.80 ortho proton  1HA
c
4.10 A.0-C-CH-0-  IHC!
HC
3.80 Vo-C-C-0-  HD
3.65 '/V-O-C-C-O- H
1,60 ol o
I enal
CHO O
1.40 N o-c-c-0-c-c=c-c- CH1
CH 0
1.25 Wo-cldo-c2c= c-c- H
' 0

Both of the unsaturated polyester resins have similar
thermogram characteristic. The glass transition temperature were
about 139°c for polyester from fumaric acid and 137°c for
polyester from maleic anhydride. These results from polyester
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from fumaric acid has carbonyl groups in trans-isomer (100%)
along the chain, syndiotactic polymer, the polyester chain was
more rigid thus it must use more energy to deform, while
polyester from maleic anhydride has carbonyl groups as mixture
of cis- and trans-isomers, atactic polymer, the chain was more
flexible and easy to deform. They did not have melting
temperature but decomposed at 300°c (see Figure 4.12).

/

(A)  fumaric acid polyester (B) maleic anhydride polyester

Figure 4.12 Differential thermal analysis thermograms
of both unsaturated polyester resins

4.3 Preparation of an oil-in-water Type Emulsion of the
Unsaturated Polyester Resins

The emulsification of oil or hydrophobic materials with
water can be divided into two types, one as water-in-oil (wlo)
emulsion, two as oil-in-water (o/w) emulsion. The relative
simultaneous attraction of an emulsifier for water and for oil
or for the two phases of the emulsion system being considered
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is known as the "Hydrophile-lipophile balance (HLB)" It is
determined by the chemical composition and extent to ionization
of a given emulsifier. The HB of an emulsifier determines the
type of an emulsionthat tends to tie formed.Thus emulsifiers
with low HB values tend to make w/o emulsions. The most stable
emulsion systems usually consist of emulsifying agent that one
portion having lipophilic tendency (low HLB value), the other
portion  having hydrophilic tendency (high HB value). By
blending two emulsifiers, the exact HLB needed can be attained
rather than trying a single emulsifier having an HB that does
not quite match (47,48). In this experiment the present system is
an oil-in-water emulsion in which the oil is the dispersed phase
(internal phase) in water as the continuous phase (external
phase). Therefore, a special surfactant was  added into the
system to help polyethylene glycol (HLB 6.0) stabilize olw
emulsion.

Preparation of oil-in-water type emulsion can be done by
three methods (49)

1. The surfactant is added to the water, and then oil s
added slowly with agitation. This produces an o/w emulsion
directly.

2. The emulsifying agent is dissolved in the oil phase,
thus this mixture is added directly to water forming an o/w
emulsion,

3. When the water is added to the oil surfactant
mixture, a w/o emulsion is formed first which inverts to an ofw
emulsion. This method produces exceedingly fine particle size
emulsion. Viscosity is at its maximum value at the inversion
point (see Figure 4.13).
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Figure 4.13 Inversion of an emulsion

To prepare this emulsion, the agueous phase is stirred
into the oil phase containing the emulsifying agents. The aqueous
phase has to be introduced carefully, possibly portionwise,
because it has been found that in the case of more highly
viscous oil phase, mechanical difficulties are encountered in
incorporating the aqueous phase owing to the fact that with
increasing viscosity of the reverse emulsion, the aqueous phase
is taken up more and more slowly. As more water is added, the
emulsion assumes a milky cast while the viscosity increases. At
a certain point, called the inversion point, the viscosity
suddenly decreases. At this point the emulsion has changed
from wio to o/w. Further addition of water may then Dbe rapidly.
Finally, the protective colloid, agent which normally is
poly(vinyl alcohol) as water soluble hydrophilic colloid was
added to the emulsion dispersed in water phase to protect
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coagulation and setting of emulsion. This ofw type emulsion
appears as milky-white emulsion. Emulsion has to be kept
tightly to avoid loss of water. Water loss may effect emulsion
instability and result phase separation. After prolonged
storage, the emulsion may hecome creaming or sedimentation,
If no coalescence or agglomeration occurs, the emulsion may
be redispersed, a shake-well before using it, and provide a
satisfactory product.

The difference of two emulsion system, one with fumaric
acid and the other with maleic anhydride, is the color of
emulsion. The oil-in-water type emulsion of unsaturated polyester
resin that has fumaric acid was milky-white color and it has
stability about 30 days at room temperature, but that has maleic
anhydride was milky-yellow color and it has stability about
7 days at room temperatore. Both of the emulsion should not
be kept in refrigerator or at higher temperature because their
characteristic will be changed which will cause the loss of the
stability faster than they should be.

4.4 Preparation of sizing Agents

Theoretically, the sizing agent consist of  six
compositions, i.e., film-forming  agent, coupling agent,
antistatic agent, lubricant, pH controller and water. Each
composition has important role in making glass fiber reinforced
plastic. The sizing agent may also modify the interface region
to strengthen the organic and inorganic boundary layers (36) as
can he seen in Figure 4.14,
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Figure 4.14 The model structure showing the boundary of
interface layer between the surface of
matrix and the glass fiber

In this experiment, it will be specifically focussed at
film-forming agent. In the past, poly(vinyl acetate) was used as
film-forming' agent. But at the present, the polymer that is the
same as the polymer matrix in glass fiber reinforced plastic is
preferably, selected to use as film-forming agent. Owing to their
similarity which make them well-link to each other, the high
performance fiberglass products would be produced. From this
reason, the wunsaturated polyester was selected to use as
film-forming agent in this experiment.

In  this research work, two polyester formula were
synthesized, one from fumaric acid and the other from maleic
anhydride by control the other components. Both polyesters have
similarly structure but fumaric acid gives lighter-colored
product than maleic anhydride. Then they were used to prepare
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an oil-in-water type polyester emulsion as film-forming agents.
The polyester emulsion from fumaric acid has white-color, but
the polyester emulsion from maleic anhydride has yellow-color.
This type of unsaturated polyester from fumaric acid was used as
film-forming agent in some sizing agent which showed that it
improved transparency of glass fiber reinforced polyester (7,8).
However, there has been report about the effect of this
unsaturated polyester on the transparency and strength of the
fiberglass products. From these reasons, both polyesters were
used in the sizing agents which were prepared in seventeen
formulations as shown in Table 4.8.

45 Glass Fiber Manufacturing

Production of continuous filament fibers proceeeds hy
feeding the raw glass into an electrically heated fiberizing
element at 2300°F or 1260°c, referred to as bushing. At the
bottom of the bushing there are a large number of orifices. The
droplets of molten glass extruding from each orifice are gathered
together, mechanically attenuated to the proper dimensions,
passed through a light water spray (quench) and passed a sizing
applicator. The filaments are then gathered together in a
suitably shaped shoe to from a bundle of filaments called a
strand. The strand passes to a winder where it is wound onto a
forming tube (Figure 4.15). The strand material so formed s
frequently referred to as a forming cake (Figure 4.16). The wet
cake is determined moisture content and sizing agent content. The
cake is then conditioned or dried in oven at 120°c about 14 hours
prior to further processing into sallable products. The dried
cake is determined moisture content again to check for the
residual moisture content.
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Practically, the droplets of molten glass are extruded,
from about 800 orifices. Then the filaments are gathered,
together by a 16 bar shoe to make proper dimension which is
appropriate with the chopped strand fiber. The placement of the
filaments into every bar of shoe is very difficult technique.
Generally, they are placed into shoe about 14-16 bar depending
on the skilled labor. The received glass fibers have splitting
efficiency equal to 8 and 11 strand as shown in Table 4.8.
The sizing agent also has effect on the splitting efficiency of
the glass fibers. If it uniformly coats on the filaments surface,
the recieved glass fibers will have splitting efficiency equal to
the number of the strand that passes through suitably shaped,
shoe. Seeing one strand by naked eye, it was difficult to explain
that in one strand was composed of many filaments. The using
of the high quality color video microscope system can illustrated
as in Figure 4.17.

Figure 4.17 Magnification of a strand of glass fiber
(250X)



Table 4.8 Specifications

Siiiag agent formation

Polyester enulsion 1501 solid), T
- tarie acid
- tialeic anhydride
Poly(viny! acetate! eiulsion 0% solid), T
Coupling agent, |
Antistatic agent. |
Lubricant, § >
Acetic add
Deionized sater
Total
Solids content of sizing agent. 1
Moisture content of net cake,
Sizing agent contest on glass fiber. \
Class fiber color

Glass fiber characteristics

5.00
0.30
0.20
0.15
little
halance
100.00
34311
10.0065
08368

shite

very bard

of the glass fibers

050

030
020
0.15
little
halance
100.00
1.0588
13.0389
01960
shite

soft

0.50

500
0.30
020
0.15
little
halance
100.00
30853
9.6623
0.8546

shite

aoderate

hard

0.50

0.30
0.20
0.15
little
halance
100.00
0.9642
12.3497
0.1939
shite

soft

050
500
0.30
0.20
0.15
little
halance
100.00
31649
11.9600
0.7983
«bite
noderate

hard

2.50

030
020
0.15
little
halance
100.00
21199
123371
03723
«bite

noderate

bard

2.50

050
030
020
0.15
little
halance
100.00
49769
111633
11320
shite
hard

250

030
020
015
little
halance
100.00
216%
134110
0.3708
shite
noderate

hard

2.50

- 500

030
020
0.15
little
halance
100.00
51134
(20140
11234
shite

hard

350

030
020
015
little
halance
100.00
46722
112398
04674
«bite

aoderate

hard

350

500
0.30
020
015
little
halance
100.00
51703
10.1102
10172
shite

hard

350

030
020
015
little
halance
100.00
49083
121224
04988
shite

noderate

hard

350
5:00
030
0.20
015
little
halance
100.00
5.2474
8.9615
1.0620
shite

hard

u

1500

030
0.20
015
little
halance
100.00
51734
117359
05054
shite

noderate

hard

500

5.00
030
0.20
0.15
little
halance
100.00
9.0724
110102
12290
shite

hard

500

0.30
0.20
015
little
halance
100.00
8.6613
105836
0.6167

shite

noderate

bard

iy

500
500
030
020
015
little
halance
100.00
9.1217
10.8004
11748
shite
hard
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4.6 Lamination of the Glass Fibers and The Unsaturated Polyester
Resins, ALPOLIT VHP 9026

Hand lay-up is the fabrication process that used in this
research. Owing to the glass fibers are in the chopped strand
form (2 inch length), thus they have several problem during the
lamination. The chopped strand fibers should be uniformly
dispersed throughout the lamination area to control the thickness
and the property of the laminate. The resin-glass mixture must
be rolled to squeeze the polyester resin into the glass strands
to ensure that the glass fiber are completely wetted by the resin
and to remove trapped air before cure (25). Practically, the air
bubbles should not appear in the laminate because they are the
starting point of cracking. Furthermore, when the [laminating
roller is rolled on the laminate, some of the fibers can be
attached to the thread of the roller. Considerable operator skill
is thus needed in this fabrication. In other words, the quality
of the products depends on the skill of the personnel in removing
air and voids.

ALPOLIT VHP 9026 is a medium viscous polyester resin.
Although crosslinking density through the unsaturated acids is
theoretically possible, the resulting three dimensional matrix
does not exhibit favorable properties. If, however, certain
unsaturated monomers such as styrene are used, both the rate
of reaction and the degree of crosslinking will markedly be
increased. In addition, the resulting crosslinked product has
greatly improved in the property (24). The crosslinking agent
also reduces viscosity of the resin cause the easy flow through
the glass fiber at the time of molding, styrenejmd HVA were
chosen to comparatively study their effect to properties of the
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properties of the laminates. The catalyst and the accelerator
were used in smaller quantity than that assigned in Appendix A
to adjust appropriate gelation time (about 30 minutes) for
increased facilitation of this lamination.

4.7 Effect of the sizing Agents on Glass Fiber Characteristics

As exhibited in Table 4.8. All glass fibers have
white-colored, but characteristics and splitting efficiency of
each glass fiber was different due to the type and percent of
film-forming agent in the sizing agents. Because of the sizing
agents were prepared in water-based form, thus the film-forming
agents must be prepared in emulsion form with water. The main
structure of triple film-forming agent were shown as helows

1. PVAc emulsion
(-CH2-CH-)

o,
0
2. Polyester emulsion from fumaric acid
CH CH CH

-C-OCCH:HCCOCHCHzo-Oé 7" \\-0CH2CHOCCH=HCC-1- oh
CHy 0

3. Polyester emulsion from maleic anhydride

0 Ct  CH_ CHs
H l-OCCH:CHCOCHCHZO VArC -IT\ "_"\§ 0CH 2CHOCCH:H(rI]C-]I;OH

0 CHs 0 0
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Poly(vinyl acetate) is an atactic polymer which does not
have crystallinity in molecule. The functional group -OCCH3~ is a
bulky group, thus the polymer chain has low flexibility. When
poly(vinyl acetate) is used as film-forming agent on glass fiber
surface, it will produce very hard glass fiber.

The polyester has two phenyl groups ) that Make
the chain rigid, but the other functional group -0-, -C-0-
and -CH=CH-, will increase the flexibility of chain. The 0.5 %by
weight of both polyester emulsion will produce soft glass fiber.
The increase of percent of hoth polyester emulsion to 2.5, 3.5
and 5.0 %by weight will moderately increase the hardness of
glass fiber. This can be explained that phenyl groups have more
effect than the other functional groups. [Industrially, the soft
glass fiber is not appropriate for using in chopped strand mat
machine because it is very difficult to cut to the desired size.
Thus 5.0 % by weight of PVAc emulsion was mixed with both
polyester emulsion for adjusting the hardness of glass fiber.
The functional group -OCCH -, in PVAc and the phenyl groups
in - polyesters will concomitant in promotion of the hardness
glass fiber.

4.8 Effect of the sizing Agents and the Crosslinking Agents on
Transparency of the laminates

The transparency of the laminates depends on the sizing
agent on glass fiber surface and the crosslinking agent added
to the polyester resin. Theoretically, if the refractive index of
glass fiber is equal to the one of polyester resin, the [laminate
will have high transparency. Normally, E-glass has refractive
index about 1.547. When it is treated with the sizing agent, its
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refractive index is slightly changed. The crosslinking agent
also has effect to the refractive index of polyester resin.

The transparency of the laminate can be determined as
percent light transmission of the laminate. The results of light
transmission of the laminates when percent of triple film-forming
agent and dual crosslinking agent were varied in different types
were shown in Table 4.9.

Figure 4.18-4.19 showed the light transmission of the
laminates in which of both polyester emulsion were varied, i.e.,
0.5, 2.5, 3.5, and 50%. It exhibited that either styrene or
methyl methacrylate as crosslinking agent was used, the results
were very similar even though in case of methyl methacrylate, it
seemed a little Dbetter than styrene (Figure 4.20). This was
expected that the polyester resin containing methyl methacrylate
would have the refractive index closer to glass fiber that
coated with both polyester emulsions than the one with styrene.
PVAc emulsion was given very low light transmission because of
it can not well-link with the unsaturated polyester resin
(ALPOLIT VHP 9026). For the polyester emulsion from fumaric acid
using 05% by weight and 50% PVAc emulsion, it was noted that
the light transmission was quite low in both cases containing
either styrene or methyl methacrylate. This probably due to this
glass fiber has refractive index farther from polyester resin
containing both crosslinking agent.

Accelerators that mixed with polyester resin has effect
to transparency of the laminates, stable solutions of cobalt
octoate in dimethyl phthalate are possible and these are often
prefered because they impart less color to the laminates.
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Table .9 Effect of percent of triple film-forming agent and
dual crosslinking agent on light transmission of
the laminates

Percent of fili-foning agent Crosslinkiig agent
Poly(?inyl acetate) fniaric acid Haleic anhydride Styrene Methyl lethacrylate
eialsion polyester polyester

einlsion eiilsioa Light transiission Light- transiission

(50 solid) (50t solid) (S0%solid) | (> stdde? |, o stdde?

5.00 P D 74.23 430 8019 314
0.50 - 30.9! 153 80.40 133

5.00 0.50 - 80.31 220 8123 222
0.50 8731 140 8808 130

5.00 - 050 85.04 032 80.20 182
250 - 87.53 154 87.1 030

5.00 250 - 8(122 281 80.04 162
250 80.58 283 8173 123

5.00 - 250 85.37 133 80.03 148
"3.50 - 8507 . 071 8707 130

5.00 350 - 80.32 181 8075 173
350 85.40 109 8595 122

5.00 - 350 85.03 124 8510 167
5.00 - 87.30 143 87.00 161

5.00 5.00 - 86.53 105  87.04 174

5.00 87.48 120 80.78 157

5.00 - 5.00 85.11 130 85.79 L

Note X stand for an average value of light transmission for
30 measurements.
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Figure 4.18 Light transmission of the laminates using styrene
as crosslinking agent
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Figure 4.19 Light transmission of the laminates using
methyl methacrylate as crosslinking agent
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Mylar film that used as mold releasing agent in the
lamination should have smoothly and cleanly surface and the
appropriate thickness of mylar film also has greatly effect to
the smoothly surface and transparency of the laminates.

4.9 Effect of the sizing Agents and the Crosslinking Agents on
Mechanical Properties of the laminates

Mechanical properties of the laminates depend primarily
on combined effect of amount of glass fiber reinforcement and
arrangement of glass strand in finished, product (19). As shown by
the straight line graph of Figure 4.21. As regards the
resin-to-glass ratio, the glass fiber is much stronger than the
resin, so logically, the high proportion of glass fiber in
composite is, the greater the strength and modulus are. In
general, any lower resin content would not wet out the glass
surface, and the higher resin content would merely represent
excess resin and further loss of the mechanical properties.

Orientation of fibers with respect to the loading axis is
an important parameter. The orientation directly affects the
distribution of load between the fibers and the resin matrix. The
strength and modulus of composites will be reduced when the
fibers are not parallel to the loading direction. In this
experiment, the chopped strand glass fibers are randomly oriented
in the laminate. Therefore, the properties of a chopped strand
fiber reinforced composite can be isotropic; that s, the
properties do not change with direction within the plane of the
laminate. Although the strength is equal in all directions, but
it is smallest when compared with other arrangement.



85

[ =
”“”“" == Uit
=

o

Bicirectiordl

NE #’ o A A

STRENGTH

VOLUME OF GLASS L.

Figure 4.21 Relationship of strength to glass volume and
reinforcement arrangement

For the effect of glass fibers on the strength of the
laminates, there are two possible causes for this variable

1. it can occur as a result of variations in the fiber
length with diameter from the manufacturing process.

2. it can occur as a result of handing facility of
fibers and from their surface treatment because of differences in
the nature and intensity of chemical reaction at the
coating'-fiber interface.

Continuous glass fibers normally have higher strength
than chopped strand fibers. Although fibers of greater diameter
can add and have been made, they have reduced flexibility and
begin to assume the properties of the counterpart bulk material.
In other words, with increased diameter they perform more as rods
rather than as fibers.
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Chopped strand glass fibers are available with different
sizing agents for compatibility with most plastics. Furthermore,
the sizing agents have greatly influence to the curing behavior
of polyester resin and consequently the mechanical and physical
properties of laminated products. The silane coupling agents
participate in the curing reaction of polyester resin, namely at
the surface of the resin matrix, forming an interface bond of the
glass fiber to resin. The interfacial bond between the matrix
and the fibers is an important factor influencing the mechanical
properties and performance of the laminates. The interface is
responsible for transmitting the load, from the resin to the
fibers, which contributes to the greater strength of the
laminates. When a strong bond exists between the fibers and the
matrix resin, the cracks do not propagate along the length of the
fibers. Thus the fiber reinforcement remains effective even after
the fiber breaks at several points along the length (38). Such a
situation is well explained by the model of microcracking in

Figure 4.22.

Hacture Proosss Zoe

Rber Pull-outs Daimirg

THImy
43;‘5'
TUAL A U Direction of

Mgl
10 4

My

Figure 4.22 Model of microcrack tip in the fiber
composites
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In this study, test specimens were prepared from the
formulation in Table 3.2 and subjected to the test methods of
ATM D790 mentioned previously. The results of mechanical
properties of the laminates in which percent of triple
film-forming agent and dual crosslinking agent were varied, in
different types were shown in Table 4.10.

The stress-strain curves for general hypothetical plastic
materials are shown in Figure 423 (50) and the experiment
result shows in Figure 4.24. It is generally observed that the
laminates were hard and strong composites, thus they have high
modulus, high yield stress, and high breaking stress and perhaps
a moderate elongation at break.

Hard ond briltle ‘ Soft and weak

Hard ond strong

Hard and tough

Figure 4.23 Types of stress-strain curves
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Figure 4.24 Stress-strain curve of the laminates

Figure 4.25-4.26 show the comparative flexural and
modulus of the laminates in which percent of both polyester
emulsion were varied, i.e., 0.5, 2.5, 3.5, and 50% and styrene
was used as crosslinking agent. Polyester emulsion from fumaric
acid has highest mechanical properties at 0.5%. However, the
results were greatly decreased as percent of polyester emulsion
from fumaric acid was increased, to 2.5, 3.5, and 5.0%. This
result from when the thickness of film-forming' agent layer on
glass fiter surface was increased, styrene can crosslinked
between the double bond in polyester resin and only the upper
layer of double bond in polyester emulsion from fumaric acid.
Thus the polyester resin can not well-linked with the glass
fibers as the percent of polyester emulsion from fumaric acid was
increased.

The mechanical property of polyester emulsion  from
maleic anhydride was found to be tetter when percent of polyester
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Table 4.10 Effect of percent of triple film-forming agent and
dual crosslinking agent on mechanical properties of
the laminates

Rt of fili-foning apnt Qusinking - gt
Poynyl actelel Ruiarie ad Hiec arhydick Syrere M letheorylat?
eaLision pohester — polyester
gusm  elicB  Feud stegth  Fewd locbls  Feurd stegth Feud « &

@i @il i) 0506 wWov, o Sdv ¢ Sy, ¢ Sdd

50 - - o4 BB 6GRO B2 28 4B W2 1RY
050 - 28 I 8RO D8N B 4B 7RG 1306

50 05 - 20 B I3 B2 WD 48 WO B
00 288 32 708 WU 285 KD GEL DD

500 - 00 202 7 70 AR 08 AB THY R
29 - 4B S 66% BN 99 B MR BB

500 2% - W A7 6B BT 2% 4B Y B4
20 ZA3 BV WA FB W2 3B ORI AR

500 - 20 200 37 MB0 R4 ZBY 8% BRO 1B
390 - 8% AR 66D 90 200 4B 6P BB

300 39 - B 4% 60 102 23 AU B LA
3 B0 47 S1? W 26 42 U7 108

500 - W Ap 5 HH WP W01 06 g2 WY
Ir 50 - B3 4B 0 BT A0 BHY BB AHD
50 a0 - Bl 8% ub We By 42 WP 1R
- - 50 e B 6BP MW 26 BD TEB 74D
500 - 80 166 AB BB %het MY A0 KREB M

Mote  XLT stand for an average value of light transmission for
30 measurements
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crosslinking agent
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emulsion from maleic anhydride was increased from 0.5 to 3.5%.
Polyester emulsion from maleic anhydride has double bond in
cis-form 4% along the chain which has lower reactivity with
styrene, when percent of polyester emulsion from maleic anhydride
was increased, the crosslinking between polyester resin  and
polyester emulsion was increased, thus the mechanical properties
were increased. These results from when the thickness of
film-forming agent was increased, styrene can flow through
the layer of film-forming agent to crosslinkad with the double
bond of polyester emulsion from maleic anhydride in the
inner layer. But the result was greatly decreased, at 5.0%
polyester emulsion from maleic anhydride because of the exceeding
thickness of the film-forming" agent layer.

Figure 4.28-4.29 show the comparative flexural strength
and modulus of the laminates when percent of both polyester
mulsion  were varied from 0.5, 2.5, 3.5 and 50% and methyl
methacrylate was used as crosslinking agent. Both polyester
emulsions have highest mechanical properties at 5.0%. Owing to
methyl methacrylate has crosslinking ability between double bond
inpolyester resin and in Dboth polyester emulsions as not good
as styrene. Thus, the results at 05% of both polyester emulsions
were lowest, when percent of both polyester emulsions were
increased, the double bond were increased too. Therefore, the
chance that methyl methacrylate will linked between double bond
in polyester resin and in both polyester emulsions were
increased. Thus, the increment of crosslinked density  will
increased the mechanical properties of the laminates.

When 5.0% of PVAc emulsion was used with both polyester
emulsion, the results were slightly increased in the same manner
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as pure hoth polyester emulsion. Because of PVAC has O&H‘ group
that is a bulky side group which is bigger than the carbonyl
group of both polyester emulsions. Thus it will shield the
carbonyl group from crosslinked with polyester resin
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