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CHAPTERI

INTRODUCTION

Poly(methmme) (PFA/IA) MICS mainly prepared from

bulk polymeri casting process have

advantages of ¢ 8eto outdoor environment.
components,
brittle and has a atempts to improve the
mechanical i i ‘, stichia ‘\u\'\‘” iny®chloride) (PVC) and
PMMA by ble i 1 S S diene rubber, styrene-
butadiene rubber, gt " Ct :’} c tural rubber (NR) etc. used
as impact modifier

Thailand is the
latex [3].

components such as protei -»"7

carried ov@

risk of prO\Q i &
the unallerginie=glov eins*from NR latex which it
has been knoﬁas deproteinized natural rubber (DPNR) Mx DPNR is lightness
when it is comp&h NR. Therefore, DPMR#has potential to be used as impact

SUHINUNITNAING

|caI properties due to the‘i high |ncompat|b|I|ty and |mm|SC|b|I|tydaft

q RSN Y

properties of thermoplastic elastomers [5].

R%Rd the biggest exporter of NR
hydrocarbon and 6% non-rubber

»
4]. Proteins in latex which are

! @rocess may pose a

Normally, acrylic sheets also suffer from some defects such as poor heat

resistance, weak mechanical surface etc. [6, 7]. The way to improve the thermal



stability of acrylic sheet is to introduce silica into the acrylic sheet [8]. Therefore, the
objective of this research was to prepare graft copolymer of PMMA on DPNR by
emulsion polymerization initiated by potassium persulfate. The modified acrylic

sheets were prepared by bulk polymerization of MMA with a small amount of graft

' properties including

aviolgt ageing of the modified

For the prepara aﬁﬁ?ﬁw ubpers of rubber types (NR and DPNR)

on the gr@ r ves uer ﬂﬁ\ raft rubbers were

added into y 91eets. The effect of
the concentratien| o : nicakand physical properties
including the rmphology of the modified acrylic sheet was ﬁ

thermal and ultra\ﬁlmeing. The step expervts are as followed:

fl U HARBRINE I
arawon 1of capo oW PR on IDBRNE emulsion
q' copolymerization us‘eg potassium persulfate as an initiator.

QRINATUNRTINGI8 Y

of rubbers (NR, DPNR, GNR and GDPNR) and silica by bulk

polymerization.

mined before and after



5. Investigation of the effect of the rubber concentration and silica
content on the mechanical and physical properties of the modified
acrylic sheets before and after thermal and ultraviolet ageing.

6. Summary of results.

Wy,

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y



CHAPTERII

THEORY AND LITERATURE REVIEWS

iy

' A)'Q a chmlimﬂund mostly known as the

y(methyl methacrylate)

monomer for t
(PMMA). Gener:

shown in eq. 2.1.

gsand hydrogen cyanide as

HCN

Il
HyC— C—CHj H4Cs

acetone acetone cyanohydrin ethyl ‘ e W MMA
In a typicaldrocgss, a%. treate

presence of ammonia @ed a -—=¢------i uce @@etone cyanohydrin. Then, the
d sulfuric acid at 100°C to form

acetone cyanohydrin is treg
methyl methacrylamide_s «’?;’,, /i ed into an aqueous methanol to
produce MI\ZI}‘ 0 ! Qfled by distillation.
The MMAR (.EjIStIC sweet odor. Its
boiling poin

Ta agés hydroquinone or p-
f commonly used as an inhibitor for MMAUhonomer to inhibit the

self- polymerlzatl(fqﬂMA

AuLINENINYINT
qm@mw IR

dehydrogenation of hydroxyisobutyic ester. In 1932, Crawford synthesized MMA

methoxyphen

based on cheap raw materials: acetone and hydrogen cyanide. Thus, PMMA became a

feasible proposition and commercial production in 1934. The acrylic sheets were used



during the Second World War for aircraft glazing. According to the war, the acrylic
sheets have been used in various applications such as display signs, lighting fittings
and bathroom fittings. PMMA can be melted by heat that can replace the casting

process in order to increase the cost effective means. PMMA is also extensively used

| / accomplished by bulk, solution,
)h( ethods, bulk and suspension
dof the homopolymer. The

in most cases Wit aftially dolynerizedMARwith a convenient viscosity

production of ¢ wpolymerization, starting

uring polymerization are

reduced by L made by extrusion.

Alternatively, the ss sheets separated by a

coated rubbe is fille : "\ Ie he polymerization is
'\I

air e{*"* : Withika finishing treatment at

,w itial a Pl jed as an initiators. PMMA
prepared by free r orpho \ oo. se of its lack of complete
[ i Werefore soluble in aromatic
hydrocarbons, chlorihated ,,_ esters. However, it has very good

) ¥ ! . .
resistance to water, alka i? IS !r most dilute acids. PMMA has

.r-"
much reaiéme ) @Iy by virtue of the

pam thermoplastic with a
higher soften point, better impact strength, and bettér weatherability than
polystyrene The fp“propertles of PMMAGLe given in Table 2.1. An outstanding

W INEIINGINT.

is the good outdoor weathP‘ing After several years under tropical cond tigns,

qmmmwwmwm 3

properties are good but not outstanding. A limitation of the optical uses of the
material is its poor abrasion resistance compared to glass.



Table 2.1 Typical properties of poly(methyl methacrylate) [8]

Property Value
1.15-1.19

0.3-2
63-97
o 1.79-3.38

Density, g/cm®

e the scratch resistance or surface

anied by deterioration in other

properties, S -.

2.2 Bulk Copofy

Il
Bulk or mvswmerrzaﬂon of a pure

82! rw:am Y3 mrmrsrfzz:r

in F re 2.1. However, the bulk polymerization of vmyl monomer is more difficult,

inc actl otflermic T e_us di
al Iﬁ lj hi st iiv "n : the r &I
coupled hea transfer is normally incurred because of the viscosity evelopment at the

early stage of reaction, resulting to difficulty in control [1]. The advantages and

omer is the simplest process with a

disadvantages of the commercial polymerization systems are shown in Table 2.2.



In the bulk copolymerization, the monomers and initiators are mixed in a
reactor consisting of heating or cooling unit. Many reactions are carried out by
charging one monomer into the reactor and/or slowly adding the second monomer.

Additional, reaction is often too exothermic for the bulk process resulting to the

Both methods armystel‘whl : stable in monomer and
progressively » 5 uiescent systems, gel
formation, corresgg pfidite vi \ WRgHawever, the reaction rate

of this system is diffi o/Cntrol e . 8dtheat during polymerization.

Manomer(s)

plus solvent
Water medium Water medium
with inftlator
Maonomer droplets in salution

with initiator
=2 ——Monomer droplets
crant 1o
i icles
N susgaision

ANTHY n:mﬁmmﬁmmﬁ ]




Table 2.2 Commercial polymerization systems [12]

Type Advantage Disadvantages
Bulk: batch e  Minimum contamination e Strongly exothermic
e Simple equip Broadened molecular

makl weight distribution at high
/ conversion

v -____’Complex if small particles
e —— Q aqu"‘ed

Bulk: CONtinUOUS - ue® 1 o ic ~=-. rement of agitation,

; aterial transfer,

ion, and recycling

Solution "Nt useful for dry polymer
WA\ beBause of difficulty of

“eomplete solvent removal

Requirement of continuous
agitation
‘Contamination by stabilizer

ent of washing and

L : docesses

-

'
| 111
Emulsion «# ¢  Rapid polymerization to high e C&@mination with

olecular weight and n emulsifier, etc., almost

AU g 'WI“EW! TNBINT:

e  Requirement of stability

hvashmg and drymg pr(u:



o)

2.3 Casting Process

Casting is a manufacturing process and involves the pouring of a liquid resin

into a mold and allowing it to harden with little or no pressure. The liquid may consist

of a melted or dissolved ermosetting resin, or thermoplastic

monomer. Hardening takes : i oration of solvent or chemical

The configurati

is shown in Figure

— Fill corner

L—(Glags piate

Compressible
L~ gasket

Y

A A e

7777

Gumpresslble
T gasket

"‘mw N9
4k @ﬂ‘mf AR

Jen



10

2.4 Impact Modifier [13-14]

In the early days of the thermoplastics industry, the commercial polymers such
as polystyrene, rigid PVC and PMMA exhibited low impact strength in their

homopolymer forms. In the

secondary gl

primary glass t

associated withmot olymer g\ N}, pefigant Side-chain groups. This
' r definition of impact
strength is the abili “materia fo e(go \ B yielding at impact speeds,

the main-chain m ;'. \ gdiat impaclspegd are expected to correlate

with impact strengt , f a_low B0 laS8ll transition temperature is an
indication of chain segments=that @ degree of mobility at impact speed.
This mobility can be tra -""” Sanation of the polymer chains.

i i
- =

==t
11l
There M relatively few polymers, such as polyMbonate that manifest
the secondary gI‘smsmon temperature th significant enough to yield high

m grANYNINLING

trans n at low temperature are ch and polyphenylene oxide. These require impact

AN etk kb hd]

providing a secondary glass transition temperature in the materials for impact strength
is achieved in practice by addition of rubber impact modifiers having a low glass

transition temperature.
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In general, rubbery materials can be used as impact modifiers due to their
shear stresses that arise at the rubber-matrix boundaries. When the large numbers of
microscopic rubbery phases inclusions are distributed throughout the matrix, this

matrix deformation is delocalized throughout the sample and large amounts of energy

copolymer. Whereas,.,

components can qu)mpa‘nhzwe miscibility between the

ents. In most cases, the

can be absorbed. The system e the best characterized are the vinyl

polymers such as hig acrylonltrlle butadiene styrene

tlcal segments to the blend

copolymer seg
compatibilizer possi | al p m\’ asgreduction of the interfacial
tension during meltgffxi q 2 fineh, dig ) ‘\“wi‘_‘- which increases the
adhesion at . This, givestiey, \ tress transfer with
strengthening the g solid ate ‘ah ':‘ : Qf the dispersed phase
by reducing
[14].

€ lis proeessing and annealing

Natural rubber (NRY, s-wiite-mi

variety of plants, through 'ff:’?x ;,J'_'p»

Cemposwt@ eae. A @h in the past many

principal source of

;U rea ‘ a ﬂcal rain forest in the
Brazil. Nowadays, most of NR comes fromeSouth East Asia, mainly

Thailand, Malays‘ ﬂndonesm

AusansnIngang

Bras:‘lenms requires temperatures 86 20-30°C, at Ieast 2,000 mm of rainfall pea}ear

q RIS TUURIINERY

8,15 produced by specialized cells in a

related families, including the

Lo !

NR today is

Amazon Basi
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' of hydrocarbon particles

3 ',. ts)\Gh. 288 to 45%. The non-rubber
substances constitute ofily a Of th fatex system. When the rubber
latex is subjected to fltracts be séparated into 3 main fractions
= e phase, ambient C-serum in which

(Figure 2. 5) such as top rupber r‘?ln—p-‘-r
all latex ed and d tion onrubber particles,

particularly=lutoidswhich_contain_another_Serim._(B-Serl his NR latex is

_‘ -59 . _ bber phase (27%),
C-serum (48%lgwd the botton fractto ). 1 stu'dy of t 4! proteins with sodium
dodecylsulfate- pova Aamlde gel electrophore5|s revealed that there are two major

BN NINE AT

g a narrower molecular welght range, is varied from less than 14 - 45 kd

Q»W'mmmummmw

composed WA
==t
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Figure 2.4 NR«
[14].

a Hevea brasiliensis

(25 48, DRC)

C-scrum

I M

Figure 2.5 Three ?ain fractions of Hevea brasiliensis latex obtained from

AUIIENINGINT

mThe ulk of these proteins is removed when the latex is in production process.

Only a small fraction of proteif still remains ingthg products as the rg8idual
s.
isdo

RN IRERE

could survive the stringent manufacturing processes and serum part of an extractable
fraction in latex products. information regarding ihe status of allergenic proteins in
latex product is presently incomplete.
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2.5.2 Natural Rubber Products [16]

NR latex is usually converted into two major types: the concentrated rubber

W

e COI‘]

latex and solid dry rubber.

For the preparation of NR latex, the latex collected from the
ion to remove part of unwanted
serum. The rubber latex is 60% (v/v). The

concentrated NR hmghved ’addmgmo inhibit bacterial growth

after it is tappe X is the starting material

rubber tree is generally
for NR latex pro R latex, are shown in

crumbled, ext : e dried, awdO0gCy, This, raWsmaterial is available in

forms of solid balg

Table 2.3 Natural

Low ammonia-

content lattices

]

Total solids content (% m/m Ny ————= bl 61.5

Dry rubber content (%.m .{-ﬂ“- 60.0

Non rubbe@ 7777777 : 2.0

Alkalinity j '&.J 029 max
Mechanical Stﬂllty :jﬂ] 650
Coagulum content (% m/m, max) 0.05 0.05
Copper content (nﬁ/ﬁn total solids) BLF max 8 max

£ ﬂﬂ?lﬂﬂﬂim gInNg

Vola fatty acid no. (max) 0.20 _ 0.20
=) ,
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The concentrated NR latex is mixed with various compounding chemicals
before producing gloves, condoms, balloons, catheters, baby soothers or dental dams.
Production methods may involve dipping, foaming or extrusion as an elastic thread.

For dipped products, the desired shape formers (molds) are dipped into the

. Dipping can be done either in the

), a thin fil
, ( product is generally washed (the
n Mgglcals before vulcanization in

ovens at 100 - 120G Shing is &o dena-aﬁmnlzatlon For the proteln
allergy problem,-gapHasTs_j

protocols to remQue*a WCh/" i ((Tesaltblggallergenic proteins. Since

he protein content in

the rubber produgtS Jevel. Ir \ new and improved

Use of low-protéim-lattices-(specialyiprocessed raw lattices)

g’ﬁ

2.5@ |
Depro ﬂlze En fresh field latex by
treatment with=a#proteolytic enzyme. This technique can detéase the protein content
in NR latex from ﬁ/ﬁmaxmum at 0.15%. {ipis grade has low water affinity and it

AUHINBNTNENT

The preparation of low- pro‘am lattices mvolves the protein reduction | mg

9 RIRISUARIANGTA Y

- Physical means: latex concentrate (raw or prevulcanized) is diluted and

further re-centrifuged to remove the soluble proteins in the serum phase.
Alternatively, a creaming process with a creaming agent can be used.
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- Enzymatic treatment: Hevea field latex or latex concentrate is treated with
a proteolytic enzyme, after which the treated latex is centrifuged to remove
the broken-down proteins in the serum phase. In such a preparation, a

suitable stabilizing system, usually involving a surfactant, is required to

the latex. Otherwise, the latex could
/ ‘mechanical properties of DPNR

.. physical properties.

d by a modification of

'v,.\\» "".x-\‘ flalaysia has investigated

eNfadical chemistry. Materials
A

processes for graft ymers 10 -NR - using \
' edfllus-MG (a graft copolymer

contained both pl e o afs and F

Eoncentrated natural
; rubber latex

fiigidngmingng
ARTAIATA UNIINGIA

Elongation at break (%) 720 £ 20 680 £ 20
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2.6.1 Graft Copolymers

In graft copolymerizations, side chains of polymer are formed and attached to

macromolecules with different chemical composition. The simplest case of graft

copolymer can be represent ' : owing structure (Figure 2.6), where a
sequence of monomer _#€ the main chain or backbone. The
sequence of B units i in of )ﬂ e backbone to which the graft
is attached [18]. Graft.copolymer coulgoe pr@g a post polymerization of

vinyl monomer gneacrylanitrile MiviZ

In a free radig; anstemis an important reaction. The

chain transfer to a monomer-SeivVent—m picn, or other growing chain can take
place. When the chain tram fei " ain takes place, it creates radicals

which act @t 77777777777 _‘ @Iest technique is to

) o
!jé peroxide initiator

dissolve th

e B

- -

|| o

5 ‘

Aut Inenineans
QRIAINTUNNINYINY

Figure 2.6 Model of graft copolymer [18].
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which abstracts a hydrogen radical and generates a radical on the polymer chain as the
grafting sites for the fresh monomer. In many cases, when latex grafting has been
used, the product has usually been targeted toward thermoplastic applications.

b) Copolymerization i

| f)Groups
In NR, a few r@lways presented and these

undoubtedly partlemnormaﬁraftlngwg out the reaction to about

4% of the avaIW i
followed by a ni v

form of two monomgg#hais d tha 6xyg8hs Ofhe,opened -O-O-bridge. This

ne at low temperature

addition of monomer to

i ! or grafting reactions. A
hydroperoxid I IS redu (g} A freeyra di aI pis an anion, while the
metal ion is oxidi i ate. Sal \ e, a monomer is added.

When the reducible D A 'n, the free radical grafting

sites formed on, mole: ackbonel aBll as initiators for graft
copolymerization. Hygfox 4 S G graftegby redox polymerization by
using water insoluble peroxXide _w... ¥8n peroxide in conjuction with ferrous

ions. The hydroxyl rad v-*f;';*’ ' ;4—'*{ a hyc ogen atoms from the hyroxy

groups m@ ¢ gﬁ;\ye backbone. The
advantage Q‘
converted int

ﬂﬂﬂ INENINYINT

Durmg high-energy |rrad|a%9n in vacuo e.g., from a *°Co source, some main

ARIBIT TRIINTINY

block copolymer is certainly always presented. The irradiation syntheses may be

bﬁroduced and pure graft

carried out in solution, either in contact with liquid monomer (with or without a

diluent) or in contact with monomer in the absence of air to produce free suspension.
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The rubber may be preirradiated in the absence of air to produce free radicals for later
monomer addition, but the life of these radicals is short as a result of mobility within
the rubber matrix. The irradiation at very low temperature is possible process to use

the trapped radicals technique for a variety of natural and synthetic rubbers. Latex

processes as igfrai e\ additign, ofBliotosensitizer, such as

xanthone, benzyl [ \"n;\ LH_‘- can be speeded up to

%

\ :\\ Stibe ofMonomers. This can be
%

done in the cas if the It “phe ’ ) ‘-.‘o"'n_‘ high yields of graft
copolymer b &Z |
e) Metallatio ing "’ ithiol with Chelating Diamines
) ;! TRy . . o
Unsaturated elasto 'w-;,w-;)., ed with activated organolithium
compound@ @ of potassium or
- %=
sodium. T })nomers to produce

comblike mat | Is :
Althougl’ graft copolymerizations are widely practlﬂ with vinyl monomers
and polymers, es‘c&/ for improving comwmty, impact, and low temperature

sﬁummﬂmwm 1§ e

wort h|Ie modification of prop?“tles If graftlng does not give dlrect the

q WTRITUA TN THY

copolymers have been mixed with other resins such as poly(vinyl chloride) to
improve compatibility, impact strength, and low temperature properties of

thermoplastics.
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2.7 Silica [23]

The most of silica and silicate minerals (ca. 95%) are produced from the

earth’s crust. Silica is available in many forms, each having various properties to be
megrcial markets for silica are ceramics,
/' grubber, plastic, pharmaceuticals,

: —_-_-ywo types of silica: natural

(ground) silica and.Syatheti fica. ——

used in different industries. T:

glass, chemicals, foundry,

k of the high abrasivity

Silica Catio
of natural silica ::“\“' fgtic silica are preferred in
order to minimize i r B fleXxtiusion equipment. The crystalline

silica also imparts“' " , oplastic composites.

In soft PVC, is-gsed-to cont piropy@limprove dielectric properties,
0 properties. Fumed silica is used to
modify the rheological p f;ﬁi, j_ ;

&

in PVC plastisols, that are used

)
il

for synthe i  Je3 h o-ffeated grades that are
{5 pater end ol eF IR -

, resulting to lessen

e

oy
| o
|

the thickeninimav |
Syntheti@'silica is a poor conductor of heat and electrigity. Therefore, it can be
only used in Iow-ﬁl“.PVC insulation applW)ns. Both the dielectric constant and

fumed!sil omtemperatul 0ss faetors, t an silon ¢ tan delta,

have”milar values with and withqa;the addition of fumed silica.

: : 1peR\ Cghil | aswfi me elrsificas end b lecking, antisli
q Wd pIat t pﬂs. i sually rﬂtﬂin S ile shi e
q prevalent between surfaces of packing foils. For the high-surface-area silica, its

dosage between 0.4% and 1.5% significantly reduces the tendency of the films to
stick together. Silica resists blocking by absorbing plasticizers that can cause tack,
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rather than the desired “dry touch.” Also, the silica textures the film’s surface to
decrease the areas of close contact between films.

b) Polyolefins, Styrenics, and Thermoplastic Elastomers

J/ instead of reinforcing fillers in

filler for rubber rather than

Silica is primaril
these resin systems. N

plastics. . silica- = apﬂed fer-W and polyethylene blown

film to antiblocki

0.1% fumed sili pver LDPE film without
the addition @f siligs’ Sificais, alsp-L ; %" : in polyethylene and
polystyrene resi 2 ' ).1% 5% ol .:‘ Cipitated silica are usually

used to improve the § ! b ability of the plasti

6L flrket \ . However, its usefulness
has not extended into_ ‘J astic 3 It ‘ be used at levels from 2.5%
to 25% in elastomers to --e-'e- RE-PFOPBFICS. It is believed that the fumed silica

of a network structure of silica.

»@'ons.

has high reinforcement by€ineféasing
Such struc@ ar

AN
2.8 Literatureiﬁw
|

2.8.1 Gra‘leymerlzatlon of Nat@iggl Rubber

AUEANANINEINS....

W|th proteolysis enzyme. The D?\IR latex was used to prepare a graft copol mer

Ship R prY gie! U

3 h at 50°C. The results indicated that DPNR gave the higher monomer conversion,
grafting efficiency and graft product content with larger average particle size when it

was compared to the graft copolymerization of MMA onto HA system. The difference
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between the reaction of the DPNR and HA lattices was attributed to the removal of
proteins, which acted as free-radical scavengers to terminate the free-radical species

during the graft copolymerization.

Eawsuwan et al. [26] st opolymerization of styrene and MMA

onto NR using cumene hygige | : ne pentamine as redox initiators.
Statistical analysis, two™ H o'rllal d to study the influence of
initiator concentrmtemp‘ature,-mne to MMA, and ratio of
monomer to N factorial experimental
design showed t gmperature, and ratio of
a ifican iage of graft copolymer.
The graft NR pr | 4 0aC l l*.'f‘ igr for PVC. The impact
strength of P [ g\b ado tioq

mechanical prop ‘:,: @%phr of g

product. The good
WR\Bar P\V/C modified with 10
phr graft NR, the imp#ict Agthie ’  , i asel 2. 118% and tensile strength

XLrix structure of graft copolymer of
| DPNR) latex by using FT-IR

‘ﬁg’:tron microscopy.

— )

Jifigh 0% under the best
}‘m issﬂ
of film speci I n stained by OsO,, it was found that the

electron micrograph
pum in diameter v‘rﬁpersed in polystyreq@ gatrix with 15 nm in thickness. The

AULINHNINGD ﬂﬁe;’“fm“n;

enzy tlc deproteinized NR (E- D.NR)

q RIRSIATUUNIINEIAY

efficiency, thermal and mechanical properties of graft copolymer of styrene and

Pukkate et al. ‘[27]
styrene on urea-deprotai
spectrosco@ y
Conversior@
condition of t

MMA on DPNR latex. The synthesized graft copolymers were characterized by H

NMR. The highest grafting efficiency was found at 20 wt% monomer concentration.
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At low monomer concentration (10 wt %), the grafting efficiency was not significant.
At 30 wt% of monomer concentration, the grafting efficiency was slightly decreased.
The thermal properties of graft copolymers were analyzed using differential scanning

calorimeter (DSC) and thermal gravimetric analysis (TGA). The degradation

concentration increased. The
ﬁalso investigation in terms
The results showed that

of tensile stren

the tensile stren Specimens decreased with

WSheets produced via in situ
MA (EVA-g-PMMA)
: ator in the EVA/PMMA,
EVA can be well di _ -—L—Q-- A iix. BEh tensile fracture energy and
Izod impact strength of thé*EMAIPM MA 40" were higher than those of the neat

PMMA. This was con ::';;L.r_, sin g Electron Microscopy (SEM).
Copolymer@h) D ers D @I)ng out the fracture
surface. Tl = jestlgated at room

temperature ovéi th 1. 6:?-10 to 0.16 s™). It had
an obvious tr ition, whereas the neat PMMA remalnedMie brittleness over the
entire range of str‘h

ﬂua;ammm A ¥ b T

dlffemn percentage Differential scanning calorimeter showed a single transmon at

RS MR e

at higher temperatures than pure indicating the higher stabilization of the
copolymer. FTIR spectroscopy was used to give information on the structural changes

consequent upon exposure. This indicated that the copolymerization of ST and



24

PMMA modifies the photo degradation behavior of polystyrene. The optical
absorption (o) and the band gap (Eg) of film were determined before and after
exposure to ultraviolet (UV) radiation. The optical transmission and reflection data for

50/50 ST/MMA copolymer were also analyzed to evaluate the refraction index (n)

and extinction coefficient (k) b

Hinchiranan et SWeaL] tepor 4/M roperties of modified acrylic
sheet via addition thgsgeaf ' , € ﬁef a modified acrylic sheet

prepared by b wwere improved by the

addition of a sma akeepolymerization of MMA

and ST onto NR I /catt ‘ - ' Blmcrization using potassium
persulfate as i \a \ ad dhacryli@sheet containing GNR

with 22.5 wt% g VerEiavestig ¥ fu \ on of GNR content. The

results indica: "‘” ‘ . . n n\ an elongation at break of

\

the modified acr [ ed With'increasing aRlbunt of GNR in the range

“\ acteristics of the modified

acrylic sheet shiftg ittlg ent olint of GNR was increased.

The scanning electr_ i J pedifigd acrylic sheets showed the

relatively smooth fracture SUface=with-relatively few small cracks. This implies that
P ’ Y ; . .

the GNR could be used as- :ﬁ{;'ﬂ%{if{gﬂ:,n ic plastics.

0

—
}r sheets containing

ST, MMA anﬂmo yrﬂization using benzoyl
azobis-(2,4-dimethylvaleronitrile) as initiatrs. The modified NRs

were prepared bydrﬂopolymerlzatlon anWrogenatlon The graft NR prepared

ﬂﬂfm NANITNE NG

hydr nation of NR catalyzed by‘OsHCI(CO)(Oz)( i) was carried out at

QRSN T oy

morphology of the modified acrylic sheets was investigated. The results showed that

peroxide and

the better mechanical properties of modified acrylic sheet were obtained from the
addition of 2 wt% of graft NR and 1 wt% of hydrogenated NR. The optimum content
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of ST in the modified acrylic sheets for improving the mechanical properties was 20
wt%. Moreover, the modified acrylic sheet containing the hydrogenated NR the
superior thermal resistance. The tensile fracture surface examined by SEM showed

the relatively smooth surface with few relatively small cracks. It implied that the

’ /\ /er for acrylic cast sheet.

Wang et.als et PMMA, silica (SiOy)
and zirconia (ZiQgH ‘ 8l ngn+h \“% \ uprocess. Silica acid and
zirconium oxychlorj ! \ ursors of SiO, and ZrO,,

\ ‘m. pter-scaled SiO,/ZrO,
\ 10 d d to the PMMA host matrix

modified NR could be used as:;:

respectively.
particles were unij
without macr: i i ani o\ Th| was also confirmed by
solvent extracti i Ew ¢ transmitance of the
nanocomposite film ; ' bove 95% at 20 wt% of
inorganic content v fJ ‘ crease ithl decreasing the inorganic
content. The thermal r’:‘;::-: i < omposmon kinetics of the
composition were studled ' | at the activation energy (Ea) of the

thermal decomposition ofs ."'" I/ _;,; /{ a

the addltlog:h

potential fol‘

omposites was increased due to

Jla| might have the

I i
Garciaé)al [33] prepared nanocomposites consisti‘!lu‘of PMMA and 12 nm
silica particles by‘éﬁ The composites sﬂ”nalned the homogeneous dispersion

S.ﬂuﬁﬂz‘mm b ) 1 0

SEM FT-IR, DSC, TGA and I?thermal Chemiluminescence (IC). The thermal

qmmmmmﬁmm %)

formation at labile chain ends and the random chain scission. The former disappeared
when composites contained 3 wt% of silica. This means that the higher thermal
stabilization of these polymer composites resulted from the blocking of the PMMA
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chain end by the silica particle. At the same time, the viscous flow at 300°C of these
composites progressively decreases when the silica content was increased to 20 wt%.
The concomitant decrease of viscous flow and the increase in the low temperature

thermal stability strongly shifted the temperature range of application of these

\|/7"®
.-; e’!e/{s//_‘)vfsat inorganic UV-filter/epoxy

th.h ho! -stab#zatlon-pgﬁn@irstly, inorganic UV-filter
ZnO, core-shellgste® ~silca-titani ._"-titania-silica (S-T-S)

composites.

nanocomposites Withish
nanopaticles w i7 _  are jnecganic  UV-filter/epoxy
transparent e operties of inorganic
UV-filter/epoxy. ‘ hthe light-emitting diode
(LED). The li
UV-filter on the Ui

ation effect of inorganic
Mgisequence: Zn0> S-T-S>
). with pure epoxy, the
th Z \ epoxy, S-T-S/epoxy and S-T/

epoxy nanocompositegiWasiniproved by : 06 andiB3%, respectively.

Katsikis et al. of PMMA filled with silicon
dioxide pa e torage modulus G’
paticlest  fc storac

j long-term thermal

stability of thﬁ' co tinﬂemperature size of the
- . I . qn. .
silica particlesasfnano- to micrometers), and the volume fragtion of the filler. At

high temperature‘a&a large surface areauhe silica particles, the behavior of

Fm SN anI NN

mcre in G” with increasing tersaerature and filler surface was measured far the

RTRI AN

for silica-filled polystyrene.



CHAPTER Il

EXPERIMENTAL

3.1 Chemicals \\"////
The high &tex (‘naanC and the high ammonia

DPNR latex contaimimg™Ca DRCwere
Co.,Ltd (Surachthaps i ‘ \ ORRPNRzand NR latex are shown in

om Inter Rubber Latex

azobis-(2,4-di

(Bangkok, Thail

was obtained4 \
. - \ A

from Merck. They ydroXigie(k

Finechem. The’AR gffide ;“’f odecylsulfate "‘".\ , anhydrous sodium sulfate
; | \

(Na;S0,) and theAR @rade m rr_.;;

1dh were \ ei¥@d from Fischer Scientific
(Leicestershire, UK). B@tasssibfi=persuipF 8RS) wall purchased from Asia Pacific

FgXi a NaOH) was obtained
OMhwas obtained APS Ajax

Specialty Chemical. The A> grades o 44 3r0leum ether (LPE) and acetone were

obtained Fisher Scientifi

was the p@

g_commercial grade of methanol

95% purity was

3.2Gl A | 'J.IIJ‘
.2 Glasswares.

Figure 3. 1ﬂ1ﬁthe apparatus for syqysw of graft copolymer via emulsion

ARG INURINGINT

l 4-Necked round bottom‘eactor 500 cm® capacuty

QRIARAIN UNIINYIA Y

4. Stainless steel stirrer
5. Water bath
6. Thermometer
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J o
f-"" o Y \
Figugé’3.148 pparatis-foremilsion grafficop@lymerization.
3.3 Grafted Deprotelnize Rubl eparation
ZIRIN TN

3.3@'

he
hydroquinone Q

removed by Wastvggth 1.0% NaOH solu The MMA was then washed with

FLUELINET TNYINT:

pur| MMA monomer was stored in the refrlgerator

qmmmmumwmaﬂ

o,lib\hed a trace amount of
A. The inhibitor was

an inhibitor for self-polymerization of
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3.3.2. Preparation of Grafted Deproteinized Natural Rubber

The graft copolymer of PMMA onto DPNR and NR were prepared by
using emulsion copolymerization. The high ammonia DPNR latex (150 g) was
introduced into a round bottom, rea P | ith 100 ml of distilled water. KOH (1

phr) and SDS (1 phr) useg,assa huffe s jer, respectively were then added
while stirring. The r Vi ' bblmg the nitrogen gas for
approximately 15-piifsats room » ~ihe ; Oleic acid (10 phr), was

added after 15 O11C
p U S
ﬁ\\

stirring for 30 mige
warmed up to 70° f thte |n|t [or(KREN {leq added. The reaction was

dded, continually while

Iling. The mixture was

then allowed i desired” h “tinaQund@ontinuous stirring to

complete the polyg¥erizgtiogfagd theh® topPed. The product latex was

%
~I

discharged i d arpol W g Cthvas, pree initated. The gross polymer
was recovered a dr| tola const . ght i \ p. The standard recipe
‘\

used for graft copoly eI W *r-.

Table 3.1 Recipe for pie ion-of Gi —{-- NE

Value
DPNR or NRlpk 100
Water (phr* h 200
Oleic acid (phm i 10
KOH (phr) =« 1

SDS (phr)

pﬂﬂﬂﬁ%ﬂﬂﬁwmﬂﬁ

Reac n temperature (°C)
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3.4 Determination of Properties of Grafted Deprotienized Natural Rubber

3.4.1 Determination of Monomer Conversion and Grafting Efficiency

The degree of conversignyi: detBrofined by the percentage increase of rubber
. er, free homopolymer and free
copolymer in the pro could e ; JXhlet extraction. The free rubber

was extracted by Hmhum ethe‘GO- 0 hile free copolymer was

extracted in ace were used to calculate
the grafted rubber g#

as eg. 3.1-3.5.

“albealculations are presented

=yveight of rubber

Total conversion [ Xl00(3 1)
: . (3.2)
Grafting efficiency (9 X 100
J’{{{-ﬂ? .',‘ r;f:‘_ bb ‘
Free NR (%) —_ X 100 (3.3)
Free homopolyimer (%) = K 100 (3.4)
£V B

]
.||

Weight of graft copolymer
Graft copolymer (‘) X 100 (3.5)

AULIMEVINGINT

3 4.2 Characterization of ﬁrafted Natural Rubber Product

AW 8N 8 UNIINIAY

using Fourier-transform infrared spectroscopy (Themo 470 FT-IR spectroscopy). The

grafted rubber was dissolved in toluene (2 %w/v) and then casted as a film on the
NaCl cell.
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3.5 Procedure of Modified Acrylic Sheet

3.5.1 Preparation of Modified Acrylic Sheet Containing Grafted Rubber

ng graft rubber were prepared by bulk
r was weighed and dissolved in
MMA monomer. Th i : to obtain the homogeneous
solution. 0.1 wt%.mmaaadde@s a it hile stirring. The mixture

With graft rubber was

was heated up

performed under @
ABVN was al

in a water bat _ ', the,shegt h: . dery plete polymerization,
Rished sheet was taken off

from the glass mol fte c li ;"f | The sheet was cut into the
standard specime' ac dlng ' " STV 18thod} The standard recipe and
condition used for bullpo .,h_‘.‘; ation ¢ ithg@raft rubber is shown in Table

32, ,
Table 3.2 '“ ,,,,,,,
|

ﬂ?@ammmwmgg

W’tmmmummmw
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3.5.2 Preparation of Modified Acrylic Sheet Containing Silica and
GDPNR

The mixture from polymerization of MMA containing GDPNR at 2%

w/w was appropriately viscous,f in this section. Then, 0.03 % w/w of

5
ABVN and silica at varioliShcoh gh as a second initiator and filler
respectively, while ’ “Whe ' oubble of the mixture was
removed by a va ——T the mn‘:re wasm-glass mold and cured in a
water bath (60° : laced, .‘ Ratid20 "Cemadih. The finished sheet was
taken off from the g8 . mold f e .o|'|,|| o Bmigerature. The sheet was cut
into the standard speefmepe 3 grding to 'thod. The standard recipe
used for prepaifion agligshéef’contali el siTiedhis shown in Table 3.3

Table 3.3 Reeffie foglfastifig, SicontaninBsilica and GDPNR

wt%
MMA 100
Benzoy! peroxig (B “,_ L N 0.1
2,2’-azobis-(2,4- dlme vivateronitrile) | 0.03
GDPNR / | 2

Sili@

: .,E 5,0.75,1.25

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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3.6 Mechanical Testing

The mechanical properties of the modified acrylic sheets containing various
contents of NR, DPNR, GNR or GDPNR were measured by following the ASTM test

methods.

testing machi

mm/min.

3.6.2 Hargihes

The methog® foglf n 0 lowed V&S D 2240. The hardness of
specimen was measurgél usiie: ess {gst Shore D model 475 PTC.

The specimen was placed of dl surface. The presser was held on a

vertical position with the f:f'" ast 12 mm from any edge of the

specimen. @I e @1

e within 30s.

After the presser

L :57 mm LO:165mm D : 1155 mm T :4 mm or under

Figure 3.2 Schematic diagram of tensile test specimen (Type I).
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3.6.3 Impact Strength (ASTM D 256)

The test specimens conformed to the dimensions and geometry of Figure 3.3.
The machine used in the present investigation was Izod Impact Tester (Impact tester

GOTECH GT 7045). The width pgcignen was measured in the region of the
notch with a micrometer ¢g n. \ / age width along with it would be
impacted edgewise a ».5:‘:_.- e face’ E& notch for notched specimens.
The breaking ener wa*tlm v ight hammer with 2 J was
applied for th&ﬁ( pe_dul %nd an excess energy
remaining in the pgiae Ty | /Wécdrded'a \cimen, together with a

description of the

broken erage impact energy was
calculated in

o i Al ' L

DIRECTION OF
T ——
- COMPRESSION

i - MOLDING

=

N SN 104 OF sPECIEMEN
m" : ¥ | SHALL BE 1M ACCORDANGE
| L

WITH SECTION 7.2

ﬂu%J’JVIEJVI‘i?ﬂEJ‘TIﬂﬁ

A:10.16 £ 0.05 D:0.25+0.05

AR X L) AL

Figure 3.3 Dimensions of simple beam, Izod type, impact test specimen.
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3.7. Physical Testing

3.7.1 Transparent Properties

Transparent properties, ed inyterm of opacity of specimens by using

Y

lgr i5).

|
color measurement (Gret Str

d acrylic sheets (5 x 10
in the Ultraviolet box
(The Q.PANE NavaVelength at 320 nm for 7
days at room temp afimpacestr o of the modified

V/ agin %re ]

acrylic sheets4 com
*1, i’

3.7.3 Thermg R' r_.z" ‘

The physical agél mgelianicat-prof theodified acrylic sheets (5 x 10
x 0.3 cm) after thermal age } Were inves 3. They were placed in an ageing oven
(GT-7017 GOTECH) at, 25 mil act strength and tensile properties

of the moéh s after dhe A é\?)ared to untreated

—— '
' I
3.8 Scanning Mctron Microscopy (SEM) 'ﬂ]

. uﬂﬁi‘i RENTNYINT.

6400%¢€anning electron microscopy.at 15 kV. The specimens were mounted on ;SEM

RTANTTUARATINY A Y

-



CHAPTER IV

RESULTS AND DISCUSSION

The graft copolymerssel _' /;2} were prepared by emulsion

polymerization using«gota -. as-effinitiater. The effect of DPNR latex

on the convers};@icien i geor ree rubber, percentage of
homopolymer affd perc gra ner- Vas. e d as a function of time.
The graft produgi }&‘ , i@ of. Infrared Spectroscopy
(FTIR). The gra PNR) was adi ”-.‘.,;:"";‘65,:_ | '"-.,_‘_A, syrup during the stage

of bulk polymerizatj sheet \-“ d\be pr Waied DY casting process. The

b

Brohblogyef the modified acrylic

# Fs
r agéing With (‘*ri, ultra C‘,\ & were investigated. Silica

R
[ im .
was' al /-\7,." g repa \
; _

mechanical pro opiicall properti

sheets before and

used as a stabiliz hdtified acrylic sheet. The

Owréported.

: 4 . ik 5
properties of the silige-mg@fli 'cﬁu—u Wera e
/ DA 4

4.1 Preparation and €raftingRfoperties

Bt DBProteinized Natural Rubber

and Graft Natural RubBe = -
FdBIN T, |
The( 'll‘ PINR-was-prepared-oy-el nuision grait Copoiy Qtlon The Optimum

8 hown in Table 3.1.
=l

The graft procﬁt was extrac gm ether @E) for 24 h by using
ried to constant weight.

reaction conej#fo

soxhlet extraction for removing free rubber content and then
0
r

To reghove fre hﬁ’ lymer, the dried_resi as_extracted by acetone for 24 h.

T tauiarrom I%s e% ﬁlserc nﬁm‘?nversion,
: X ‘ \ A .

gra efficiency (GE) and grafting properties. The details of all calculations are

shown in Appendix B. The properiis of GDPNR aftelﬁtraction are shown irv)le

BN TRATINGIRY
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Table 4.1 Properties of GDPNR and graft NR (GNR)

Expt. Reaction Total Free Free Graft GE
time  conversion  rubber homopolymer  copolymer
(%) (%) (%)

GDPNRL 2 44.7(0%8)\ 862107 6(091)  38.1(L62) 41.7(0.05)
GDPNR2 3 28.0 (0. 9;? 02)  65.8(0.11) 49.2 (1.53)
GDPNR3 4 B58C 28.30.41@ 65.3 (0.91) 43.8(1.14)
GDPNR4 5 6. 28.0.59) 64.4(0.03) 38.4(9.02)
GDPNR5 6 (0.227,/,28.3 (028)- e 798%0.11)  64.4(0.07) 38.5(0.31)
GNR1 - :. 4 .. \\ 43(1.07) 25.2(3.76)

' The standard deyigflon i€ in/a fafenthes

For GDRRR gfepflrafion (Tak the res Myindicated that %total

4

- i B d
conversion and %G ingfea |@ casihg the rea 8tion time. At 3 h, the %GE
r A o A o
reached a maximifm vafue &t 49. _:!:“‘ erea \ theygrafiing efficiency decreased.
& AL \ \ : : :
At the longer reaciion e, there".weresno “he \n\ ated active grafting sites

generated on the tibbegmolecylé -,v;u;';';“‘.' aithe a 0 nt Of the free rubber and graft

copolymer was slighi -:j~§{;:-ﬁﬁ, ere 3RV VI homopolymer content was

higher at a long reaction ti J. Hats, -t Diiate reaction time for the preparation

WA
of GDPNR ygith higaestRGEMEAD AL

ForyGNR preparation at the san reaction ( QDPNR preparation,

ve the lower value

of both %GEﬂd %g ree r@er and homopolymer
content. This méans that the removal of proteins in NR structure increased the levels

of % nd_%totd fersion. It was believ t proteins played a significant role
fof hiBitipn fr e%aﬂo rizaio E’mi tﬂ %ng graft

cop erization [25]. bk

ARIANTAUNNIINYIAY
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4.2 Structure Characterization of Graft Deproteinized Natural Rubber and
Graft Natural Rubber

The structures of GDPNR and GNR obtained after soxhlet extraction were
The' =71 spectra of DPNR and the GDPNR are

f e GNR are shown in Figure 4.2.
)d ic absorption bands of C=C

stretching vibrationsatak64=em= and @-H v ati , 1473 and 1376 cm™ and
C=C bending viW .y signals OFGBRNR appeared at 1732 cm-
attributed to stretciim® Vit D'g =8, strefghing vibration at 1140 cm®

"y

The soe i NR-exhibitad, the Same ohaxacteristic as those of

DPNR and GDPNR. ferencehe R, ael, DRNR is the protein content.
The protein imfuriti " .' R latex e . - 3N-C=0 which are shown via
the weak transmij a 328C Ncrak, reshectively [5]. They were

AUINENINGINS
QRN TUNRINYINY
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M‘Rﬁl W’i’ & R ;’\f .‘,,‘1\ .'ﬂf\\
e e VW P WA
fy Vel /
@ b i |
(>N-H, 3285 cm’) ; { ‘ )
I

’ f g 1664em’ / L'IT} (C=C, 853 cm’)
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(C=C, 833 cin’)

A
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i': -:-{-r‘ 7. lr. f W\
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Figure 4.1 FTIR speg -—f»:-difi--':'fvgy.-;’? s APNR after soxhlet extraction.

AUINENINGINS
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4.3 Physical and Mechanical Properties of Modified Acrylic Sheet Containing
Grafted Copolymers

In this section, the physical and mechanical properties of the modified acrylic

sheets containing GDPNR ( investigated. This result was also
; nd DPNR.

——
4.3.1 ColoWy-rup a‘i Moﬂ@SheetS Containing

compared to the addition

containing D
wit% of rubber ¢
U 18, ‘g containing DPNR (Figure
4.3d) and GDPN i , u e |gh I | Ofprotein and non-rubber in
NR structure. Simila i0F-Was also ( in rubber glove fabrication from
DPNR latex [37]. The opagae=and ;:-"!1 MMA syrup containing GDPNR

" T . : :
s cumulatlve residual protein and

increased with increasing -f-:f- w\ww Nt
non-rubbe i0 for casting the
(e 0 o i
I}’A syrup was in the
range of 0.5

ﬂ et ee;'ntalnlng NR, GNR and
DPNR used t ”

This was dependﬁﬁhe ease of handle fo@tlng preparation. Due to the higher

mﬂﬁﬂﬂﬂﬂM§mﬂﬂmmﬂz

MM onto DPNR enhanced the ?Iublllty of DPNR in the MMA syrup. Th s the

QRTANTTS DEG M) (1L

wer level of rubber contents at O 25, 1.5 angk2.0 wt%, respectively.
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Table 4.2 Color of MMA syrup containing various rubber types and concentrations

Rubber Rubber content

Solution appearance
type (Wt%o)

clear

clear, colorless

lear, colorless

, White
Ilowish white
' i A ellowish white
GNR _‘ ' 5 L\ \ W ar

3. White

yellowish white

, Vellowish white

GDPNR clear
clear, white
¥ clear, white
clear, yellowish white
ar, yellowish white
-— low

praweish yellow
o

| |‘ . opaque, nish yellow

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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(i) 10 wt% GDPNR

For the m‘u’ﬂcryllc sheets, Table @3#and Figure 4.4 indicated the color of
P INHNINIOT -
OAten®tvas in the

rangglf 0.25 - 1.0 wt%. Above 1. WWt% of DPNR content the modified acryll et

q WIS URMAINEIRY

was above 0.5 wt%, the modified acrylic sheet was little opaque. For the addition of
GDPNR, the modified acrylic sheet was transparent when the GDPNR content was in
the range of 0.5 — 1.0 wt%. Above 1.0 wt%, the modified acrylic sheet was also little
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opaque. The opaque of the modified acrylic sheets increased with increasing GDPNR
contents (Figure 4.4f-i). The modified acrylic sheet containing 0.25 wt% of NR and
DPNR was transparent. For comparison between the addition of GNR and GDPNR, it
was found that the modified acrylic sheet containing 1.5 wt% (Figure 4.4f) was higher

e rubber concentration (Figure 4.4e).
f ogtents in the GNR structure.

lic slﬁts CWUS rubber types and

Table 4.3 CoIo;:?y|
conc . 7 s
: pe ‘ : »
Rubber ty@€s WsSheéet appearance
; ‘:‘ ( 7“ ."_ ) i -

tfapsparent

transparent than that containi

It was due to the higher

NR \\ tra parent
DPNR sparent
W transparent
ransparent
little opaque
quite opaque

GNR

} transparent

-t . I| opaque

il
GDPNR -U 0.5 parent
transparent

ﬂUB?ﬂ&ﬂiWﬂmi

qU|te opaque

A AINTNNNIINYAE

10.0 opaque




(C) 0.25 wt% DPNR

4/ @A \.,\ :
o R ‘ . i g \ D \ N
(d) .50 DPNRY . T wishe . (f) 1.5 wt% GDPNR
278 A\
& | T
R |

(g) '-"“‘Z‘-‘f"““' -.-_;_......,,:_.'_.:.-...._ %) 10 wt% GDPNR
A

’ (o -
Figure 4.4 Colorjof modifiecrae aming varioalﬂ{ubber types

AU INENINEINg
QRIBN TN INESE
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4.3.2 Mechanical Properties of the Modified Acrylic Sheets

The influence of the rubber type and concentration on the mechanical

properties of the modified acrylic sheets was investigated. The results of the lzod

etg are shown in Table 4.4. The impact

impact strength of the modifigd S
strength of acrylic sheets it ‘i : ' ber was 44.7 kd/m?. The addition
e A Jﬁ‘)—"_@? acrylic sheets. The impact
strength of the modifigk i heets.ontammgiﬂm of NR increased up to 50
kJ/m?. For the W the| impagtsst fathe modified acrylic sheet
increased with in it ‘ tent: ; | yeaChetto the maximum value at
86.1 ki/m? at 1.5 wig#t DEN 28 ioh,thSugupadtsicength of modified acrylic
sheet containi v v | at gf .»..\\: o'\“\._'k‘\" e to good mechanical
properties of NR g81mi i Was &lso obsen : “‘w._\ ubber glove fabrication
J ‘ \‘n‘:' he impact strength of
the modified ac increased incréasifly P&t rubber contents. This
property was higher " " S : iNg R hd NR of the same rubber
concentration. It Jhdi f ' i GNR provided the better
compatibility with Pl ~TFhis-means e gralt copolymerization of rubber
particles was essential forr Chin " particles to the surrounding glassy
matrix resulting to the. ;.rj
allowed th@ )

Similar beh&'

ispersion between phases. This
indle the impact energy.
. Y gy

Stgfeije/MMA which was

pﬂ m r, the addition of GNR
into the acryl I sheets was limited due to the lower le

compared to GDMIﬁhe higher molecular @ht of NR also caused the difficulty

St anynINnINg

sheeq!ontamlng 1.5 wt% GDPN? lower than that contalnlng GNR at the same

RTH NIUNRIINLIAY

and concentration of rubber are also shown in Table 4.4. It was found that the

used as an im

of grafting efficiency

modified acrylic sheet without the addition of rubber had low tensile strength (TS)
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Table 4.4 Effect of grafted rubber content on impact strength, tensile strength (TS),
elongation at break (EB), hardness and opacity of modified acrylic sheet.

Rubber Impact .
Rubber EB Hardness Opacity
type Content Strength ‘ %) (Shore D) %)
(Wt%)
- 78.8 (0.78) 10.9 (0.01)
NR 0.25 78.6 (0.69) 11.2(0.01)
DPNR 79.0(0.84)  13.4(0.02)
78.9(0.87)  17.0(0.01)
79.0 (0.81) 22.6(0.01)
77.2(0.78)  26.6 (0.01)
% 76.9(0.99) 57.9(0.03)
GNR 78.8(0.78)  13.3(0.03)
_78.4 (0.69) 16.0 (0.11)
3 76.6 (0.84)  21.2(0.01)
15 76.1 (0.99) 33.8(0.03)
GDPNR 0 79.2 (0.78) 14.8(0.01)

10 | * 507 (439) Bl 80.9(056)  19.2 (001
15 77.4(0.84)  30.3(0.02)

2.0 44)  765(0.70)  41.4(0.01)
40  1015(5 65(0.50)  75.7(1.41)  60.8 (0.05)
6.0 (0.34)  72.8(1.47) 63.4(0.02)

(i

O 157 8 (6058 N 251 (210Y 7 1(020)Y "

E)‘. (1.10)  83.6 (0.07)
éﬁ (0.73)  84.7(0.01)
o

T
|
||

The standa 0 a"
i

ca. 48.9 MPa. Th TS of modified acrylic sheet increased with increasing rubber

E LT ARk TL I f Tk

prom could promote the superior tensile strength of the modified acrylic sheets.
Furthermore, the compatibility be‘/een PMMA of giifilyrubber and PMMA @t

RIRNNIM HRHARE

decrease and then level off at ca 30 MPa and 50 MPa, respectively. The decrease in

L

TS might be due to the interfacial saturation of graft rubber in the thermopiastic
components. Similar behavior was also observed in the NR/PMMA blends with graft
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copolymer of maleic anhydride onto NR as the compatibilizer [4]. The maximum TS
of modified acrylic sheets containing only 0.5 wt% of GNR was observed. The TS
was drastically decreased when GNR content was increased due to lower level of
grafting efficiency (27.49 %) of GNR. This means that the GNR had high percentage
of free NR fraction (57.75 %). ifficult to completely dissolve the high

s Was |
NR content in the modifiggat yli L / €eguently, this led the heterogeneous
mixture during casting,tHes St f. ul : : 1on of the TS value.

without the addW Qe r the addition of DPNR,
GNR and GDPN v e YliE,sTeetrinCreased with increasing
( iy Blue B02wt% DPNR, 1 wi% GNR
Josite falthe ¥l the modified acrylic

L
s L

sheets. This coulddfe i tthe ' | -i’«\i ‘ in the PMMA matrix in

. . . . .
the acrylic s I Meriggtion turing casting process

resulting to the |
g ‘ lg sheets is shown in Figure
4.5. The stress-stra i ‘ ‘ fithout GDPNR showed the
rigid or brittle characgristi :" a0 angino yield point (Figure 4.5a).
Bcet was gradually shifted to ductile

¥

property when the amoug 'éf-;ﬁ_?&'ﬂ:*y;q_‘ 1yl eased as shown in Figure 4.5b-

d. The str@t i ieethinitd 10 wtoo of GDPNR

clearly exh@ : j}n. Similar behavior

il

AUt INeNineIng
ARIANTAUUNIINYAY
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Stress (MPa) Stress (MPa)
501 | | Prehkand !‘l'flslt?limmli / L I -

't.'t'i'm:l Yie

40 |- -I et Xinll 4 I_' DBreak.and.

| l | | : I N Offset Yield‘ /
._I | . ] - r ; i
_ '-n ftgst }, | 1 ‘ / E
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Figure 4.5 Stress -strain behavior of the modified acrylic shee ts containing various

UHINBNIWEINT
qmmmmummmﬁ’ i
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Figure 4.6 shows optical photograph of the fracture of the modified acrylic
sheet after tensile test. The size and the intensity of the stress-whitening zone
increased with increasing GDPNR content, whereas, it was not observed for the neat

PMMA. During tensile test, the specimen became more whitening, showing a stable

crack growth behavior. Theref@
s
oh

thddificd acrylic sheets with GDPNR showed a
elTavior;, wher f PMMA was the brittle material.

/ed in th —“_}ﬁect of EVA/PMMA in situ

@ Wi%. This results may be
Bber (GNR and GDPNR), NR and
\- R@dified acrylic sheets with

1

Co
-
o -
PN
e

[
F A
U

SEquently,

&) W) ) (d)

qRINLNIaimMI Nt
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From Table 4.4, the rubber modifiers caused the reduction of transparency of
the modified acrylic sheet. The opacity of pure acrylic sheet was 10.9%. This value
increased to 11.2% when added 0.25 wt% NR was added in the modified acrylic

sheet. The opacity of modified acrylic sheet increased to 57.9% and 33.8% when the
ini R (2 0 wt%) and GNR (1.5 wt%),

modified acrylic sheets increased
ied acrylic sheets increased to

In th ious” seetigh fit was, found\hat strength and tensile

strength of the mgghTi idshee * d ba i \Tle the small amount

7 AFENAAAF

The effect, 8 on the thermal stability of the

modified {,}j gat ction of @ontent This study
g jNR on the thermal

in=Fable 4.5. The thermal

dified acrylic sheets reported in the term oMEtentlon of mechanical

stability of trﬂ
stability of th

properties such asﬁrm properties, impact stuth and hardness.

ﬂ LHAnHnINHIN T

form on of self-crosslinking resaklng from the remalnlng initiator in the acrylic

RGN EN WIINIIRY

formation of crosslink during thermal ageing. Moreover, the rubber was possibly

degraded after thermal ageing resulting to the reduction of the impact strength of the

modified acrylic sheets.
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The retention of TS of unmodified acrylic sheets was 96.3%. The
addition DPNR and GDPNR into the acrylic sheet resulted to the retention of TS of
modified acrylic sheets decreased with increasing rubber content. Moreover, the
retention of EB of unmodified acrylic sheets also decreased when DPNR or GDPNR

was added into the acrylic sheets,¥e | r| on between DPNR and GDPNR at the
same concentration, the Zeretetion

rtles of modified acrylic sheets
ini 25 higher-the NR due to the lower level of
C=C bond of Gmd to‘)PN ssible that the modified

The retentigi v ‘“,;..l 20"aCry ITessheets containing DPNR and

GDPNR were appr 0%. Whe 80T Bgthese rubbers was not above
2.0 wt% ‘ ' 3¥dlhess retention due to
Table 4.5 Effe€t of gfaftedl 1 ntent ongthermal,s abilit % modified acrylic

Hardness

I~ - : | 99.2

2

105.6 100.8

97.3 126.2 100.0

ﬂﬂmwgm NGNS

2.0 10? 107.4 - 97.1 100.2
RN NN Y

10.0 68.0 91.9 94.8 85.6

lopRetention = (Properties after aging / properties before aging) x 100
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the thermal degradation of C=C bond in the main chain of rubber resulting to the
decrease in the hardness of modified acrylic sheet. The similar behavior was also

observed in the thermal decomposition of rubber [4].

strength and haw n_ryllc sheets without the
addition of rM |ihat) fyONes, COntgining DPNR increased to
103.1% when the ung#o in modifi iBasheets was 0.25 wt% and
drastically d / . : IRNIR Borign! indRased to 2.0 wt%. For

addition GDPN f od: AC creased to 51.3% when
GDPNR contefit i i /IiC SheetS Wes:2 0'WiEo dte to the degradation of
C=C bond in the gffain ghai of rupbe -" ar chai ISS n-. PMMA after UV ageing
which caused ‘the i treng g \\ \\w ‘4 wt% of GDPNR in
modified acrylic (€ ' pact stieRgthepf modified acrylic sheets

increased due to the ity-of-modified pashesflincreasing, that can block out
UV radiation was radiated t0-modified Acry
7, . :
The retentiof ..f';z and EB-¢ ficd acrylic sheets were 77.4 and

99.1%, res@

thg ylic sheet resulted
——
yw increasing rubber

content. Moreﬂ cryﬁ sheets also decreased
when DPNR DPNR was added into the acrylic sheets.4g8r comparison between
DPNR and GDPM atsthe same concentrationgtige %retention of tensile properties of

AUBINUNINYINT:

p035| that the modified acrylic saeet containing GDPNR had higher UV re5|stance

QWH@W?W&]T&?&%W 3t

increasing, that can block out UV radiation was radiated to modified acrylic sheet.
The retention of hardness of modified acrylic sheet with DPNR and GDPNR

were approximately 100% when the amount of these rubbers not above 1.5 and 2.0
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Table 4.6 Effect of rubber content on UV stability of modified acrylic sheet.

Rubber 9%Retention
Rubber

type

Content
(%0)

EB Hardness

100
100.5
100.3
100.5
98.2

- 97.8
GDPNR o 054 , : 100.5

100.6
101.0
100.5
96.1
92.8
93.8
921

wt% of DPNR and GDP‘N The higher loading of DPNR and

GDPNR cuij the ' dnéss retén deﬁation of C=C bond
in the main‘ehain.of rubber and chain scissior ageing.

u

i
AEInInIRgIAT

the lefled acrylic sheets obtalned from tensile propertles test as shown in Flgure

9 m@m FRARTINHIRY

thermoplastics. The increase in the impact strength of the modified acrylic sheet

containing GDPNR was visualized using SEM technique. The resuit presented in

1)

-

- -
4.5 Morpholoﬂﬂal Study
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Figure 4.7 SEM photograp s-of modified-acrylic sheet contamlng various GDPNR

o
content: (a) Qs -,fr';‘«, t_ﬁ,,,,.e_

Qs
rj:ture surface of the

peci 2, /64and 10 wt% GDPNR
ﬂure surfaces of the modified acrylic sheeMecame smoother with

increasing the GIZ‘I\Eontents as shown in Wres 4.7b, 4.7c and 4.7d. It indicates
“ﬂ W NENINE NG
ifiégfto tr fi lic sheet.

h Izod impact strength vaIL?s of the compatlble blends are in agreement with

am‘mmmumwmaﬂ

incompatible

content, the f



56

4.6 Mechanical Properties and Stability of Modified Acrylic Sheet with GDPNR

Containing Silica

The modified acrylic sheets containing GDPNR at 2 wt% and silica at 0.25 —
1.25 wt% were prepared by bulk '“'n] / [tl n. The effects of the silica content on

' . 4.7 and Figure 4.8. The acrylic
sheet was transparent. wie i - nt t% (Figure4.8b). Above 0.75
wit% of silica contes ! she‘was _epam4 8c). It was possible that
of the modified acrylic
sheet with 2 wt% of

the higher amo

sheet. From Tab

.-‘..r?“ # { \

Table 4.7 Effect of |I|c conte ' ! '_, Stion of theymodified acrylic sheet

'ff":ﬂ

o

Rubber conte

(W) Sheet appearance
Wt%0).=

[|.'|I ) 1.25 | :jﬂ]”ttizzj:ue

little opague

ﬂUEVJVIElWﬁMJ]ﬂ;ﬁ
1.25 opague

Q»W'mmmummmw
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(e) 2 wt% GDP DRNR + 0.25 wt% silica

> J N
(9) 2 wi% COBAR PRIRT. 25 wto6 silica
” 'li

Figure 4.8 Sheet ?p ance of the modified ch sheet with GDPNR and silica.

ﬂUEJ'JVIEJVIﬁWEJ'Iﬂ?
ﬂW’]MﬂiﬂJﬂJWl’mHWﬂﬂ
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4.6.1 Mechanical and Physical Properties of the Modified Acrylic Sheet
with GDPNR Containing Silica

The mechanical properties such as impact strength, tensile properties,

and hardness of the modified | optaining silica at various contents were
investigated as presented ineTé 1] / v

From TabItS4e8, TR tmpact

PNR modified acrylic sheet
containing 0.25 wi%.ofsilis t of the pure acrylic sheet
containing silic _ » strength of the acrylic
sheet decreased frgmP68.3#K)/mM7 o/ 48 4\k en “SHligascontent in acrylic sheets
B-1.

modified acryli€*Sheegyfl dffrom 78 kil Tto'52. 2% gen silica content in

was in the rane 0.2 ' the impact strength of

Table 48 E

9 ent o the mechani R8(tiesand opacity of
modifighl acr, J A %

Silica  Grafted |,

; ardness Opacity
content rubber '."

'»faan’V* F-. % (ShoreD) (%)
(Wt%)  (Wt%) (kJ/ N
- 79.8(0.78)  10.9 (0.01)
0.25 12.9 (0.71)

1.25 - G

28.7 (0.57)

44.1(2.65) @aff0.09)  83.4(0.84)

0. 25 73.0 (4.95) 18 (342)  3.9(0.65)48,80.2 (0.63)  45.2 (0.8}

ﬂxmammuwn NP8 Y

1.25 2 52.2(251) 35.2(5.19) 3.2(0.49)  81.6(0.51)  69.2(0.91)
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modified acrylic sheets was in the range 0.5-0.25 wt% due to the aggregation of the
silica particles leads to poor properties of the modified acrylic sheet.. Similar behavior
was also observed in the viscoelastic properties and thermal degradation kinetics of
silica/PMMA nanocomposites [38].

The TS and EB i dified acrylic sheet and the pure acrylic

sheet containing silica degig ‘;‘. swith flica content. The TS of the pure
acrylic sheets and GDPNR e : )ﬂjt silica were 48.9 MPa and
58.9 MPa, respectively=and-the EB“ thosa-angﬁﬁ_ﬂets were 4.4% and 6.1%,

respectively. W of pure acrylic sheet s

decreased to 44. Mesthese of GDPNR-modified
acrylic sheets decre _ '
silica/polymer«€6mpaqg esgarg’ dle ) X Bliding between organic
polymer and inogganicgSiliga § ‘el jatiol o a.in the polymer matrix.
Similar beha#for wffs also @\ser ' sffect. Ore-shell PMMA-SIO;
nanoparticles on g#echagncalfprope *1-? S0
The SI| Al CG s%@ |
sheet. The hardneg® of @crylic , .. asec 31%8) shore D to 83.4 shore D
when silica content iggthe __; s iRgihe range 0.25-1.25 wt%. For
GDPNR-modified acrylic sheetsethe-hardReSEsss¥ Specimens increased form 80.2 shore
D to 81.6 shore D at t ﬁf’: 0 »

particle 50@1 '

was higher thaLﬂJ

silica in PMMA n"[r

Fl’LLEl’J ﬂﬂﬂiwmﬂig

Silica

AN ANAIRINRIINBIAY

addition of small amount of silica. The retention of the mechanical properties such as

a \\“ of the modified acrylic

This could explaned that silica

@olymer. However,

j)dified acrylic sheet

ﬁsheet containing silica
> to the aggregation of

and acrylic sheet

hat of acrylic sheet containing only silica

impact strength, tensile properties and hardness and physical properties such as

transparent properties, thermal resistance and UV resistance were investigated. The
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mechanical of modified acrylic sheet containing silica after thermal and UV ageing as
shown in Table 4.9 and 4.10, respectively

From Table 4.9, it showed that the retention of TS, EB, impact strength

and hardness after ageing of the GDPNR-modified acrylic sheet containing silica was

c@ntaining silica due to the degradation of

I // tB, impact strength and hardness of

o 1 Vi asing silica content possibly

due to the accumulaasilica=pariicles ‘n accumulatedatiiermal during ageing which

caused easy d
GDPNR. The th

lower than that of the pure a
rubber part in the GDPNRu et

ified acrylic sheet with

Jsacrylic sheet containing

silica was lower thap#fa ' htain! iCa, The thermal resistance of
the modified | i sheet containing silica
increased with i \R‘ 188 th Jthe silica can effectively
improve the t v i f.the purels e ts e NR modified acrylic
sheets. v . ". Q

' 7 ' Bylié Stikefidhd GDPNR modified acrylic
sheet containing sil in Tal ,-= the re | Ibf impact strength, TS, EB
and hardness of the 2-modified ;-5_ get CQMitaining silica after UV ageing

had the result same that of the=p lcontaining silica due to the opacity of

GDPNR modified acrylic fﬁw; ing silica content, that can block

out UV ra@&) \ mo G0 f@ resistance of the

—
Q} pure acrylic sheet

containing SIII@M rylie4sheet containing silica
and acrylic shee¥containing silica slightly mcreased with mcMSsmg silica content due
to the opacity of ‘rmsheet and the GDPNR M odified acrylic sheet increased can

FAUHY W“Ef“ﬂﬁ NEIRS
QW’]Mﬂ’ifUN‘W]’W]EJ’mEJ
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Table 4.9 The retention of mechanical properties of modified acrylic sheet

containing silica after thermal aging.

Silica Rubber %0 Retention

content content
WE%)  (Wi%)

EB Hardness

- - 99.2
0.25 - : 100.9
0.75 — 100.6
1.25 101.2

- 99.7
0.25 100.0
0.75 - 7.2 99.8
1.25 fé 98.2

-7/
N -
Y | f”;é;
J F - y } \
Table 4.10 The reté tlo of megl : al properties o *.\' odiied acrylic sheet
containing I|c 3 ﬂu- r,v;-‘;.,_ :
- #g.:;j-;m;w
Silica  RuUbbe[ger et
"""""" Hardness
100.8

1165 ¢ 922 g 90.0

‘-W”IZNT]’B'WSJWYMHWQEI




CHAPTER V

CONCLUSION AND RECOMMENDATION

e to prepar graft copolymers of PMMA
ot ssium persulfate as an initiator.
' eff|C|ency, percentage of free

t copolymer was recorded

In this research, an atte

ld=silica were also used as an

y\ (101 AIM £ H\v'\- was carried out by

‘ \1. e \Wle appropriate condition of
initiat®r and 90:10 wt ratio ratio of
| ve the GDPNR product consisting
of 65.9% monomer convers 4 ;!'"b‘ aft rubber, 28.0% free rubber and

6.1% free h%op iy, L‘

‘. “i" TAPEPp o P [ pusp i < ] m “ onto NR gave the

lower %G tﬁ 0/5¢ : .
M

ﬁ"ummwswmm

The addition of GDPNR in acryllc sheets at approprlate content could improve

lcal ro erties of s ee tensile_stre
Iower than hat of opacity of modified acryllc sheets contalnlng R at the same

content. The impact strength of modified acrylic sheets increased from 44.7 to 152.8
kJ/m? with the addition of 10.0 wt% of GDPNR. The tensile strength and %
elongation at break of modified acrylic sheet containing GDPNR increased with

"condition due to the
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increasing the rubber content and reached to a maximum tensile strength (63.3 MPa)
at 4 wt% and elongation at break (7.2%) at 8 wt%.
From SEM micrographs, the addition of GDPNR in acrylic sheets decreased

the fracture on the surfaces when graft rubber content increased. Thus, the GDPNR

aining silica increased

: effectively improve the
thermal stabilf et The UV igsistante of odified acrylic sheets
containing silicagéh S aining ' sili ' ""“ IR slightly increased with

5.4 Suggestion for thg

A future investiga ,ﬂ:

modifier {&
merization, the white

aspects: t
- 11
Abber should be further studied to use as impact modifier for acrylic

1. By
sheet due to they &e Jightness when compare

FutmEnnnT--
ARIANTAUNNIINYIAY

polymer and silica as the impact

' r@vith the following

—r

\J
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Appendix A

The Overall Composition of Rubber Latex

on Sol
id-.r
Magnesium Content on

Specific Gravity

Average water solublgs
—-"' -u.

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Table A-2 Typical properties of high ammonia concentrated natural rubber latex

Properties Value
Total Solids Content, % , 62.0

Dry Rubber Content, % A ” Wad 60.65
Non Rubber Content, % //’ .

pH Value
KOH Number

Magnesium

Average water

AUINENINGINT
RIAINTUNRIINYIAY



Table B-1 Determination of graft depr zed paEtuga

or 4 Reaction time for 5 Reaction time for 6

Reaction e f

Reaction properties

2 1 2 1 2

1
DPNR Latex 0.09 15023 15055  150.7 150.22
DRC (%wt) 60.17 h 60.17 60.17 60.17  60.17 60.17
DPNR content(q 90.57 . 90 9 34 Oh Mo031 9039 9058  90.67 90.38
Graft Product (q) 94.22 | : 97.02 97.32 98.36  98.66 98.26
Total Conversion 45.01 65.69 67.26 68.05 67.8 68.12
Sample  for  soxhlet 3.17 2.44 2.43 2.11 2.18 2.33
Sample after extraction by 1.40 1.75 1.74 1.49 1.56 1.66
Sample after extraction by 124 1.61 1.56 1.36 1.4 1.49

Free natural rubber (0) Ib:é 0.68 0.61 0.61 0.66
Free homopolymer (o) ~he 11) 0.17 0.13 0.16 0.16
%Free  natural  rubber a3 | _-_}.47 28.32 29.16 28.17 28.43
%Free homopolymer 5.02]| 6.3 6.7 {%6.0 7.23 6.34 7.37 7.21
%Graft  natural  rubber 39.2 36.92 65.91 65.75 64.82 6.12 64.45 64.9 64.46 64.36
Total monomer (0)

s12 € 4082 11.97 1141084

11.99 10.23 10.36 11.29 11.79 11.57

Total free monomer (q) 6.0D 5 6.23 7.20 7.08
Total Grafted mono k E® ‘ L : ‘ 5.05 451 4.48
Grafting Efficiency (%th 41.74 41.82 49.46 47.64 44.70 43.09 32.05 44.81 38.32 38.76

1.

ARIANTANNIINYAY
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Table B-2 Determination of graft concentrated natural rubber

) ) Reaction time for 3 hrs
Reaction properties

1 2
Concentrated natusaDkdbe 150.33 150.89

Dry rubber content (%owt ‘ 60.65 60.65

90.45 90.79

97.09

, 61.06

Sampiefor - 2.09
Sap [ : \ 0.86
sefiple affer sfigdction by acsiohl)l, Wy, 2 0.70
Freggiaturgf rybe = D 1.22
Ffee ha @ AN w7 0.16

S ool \Ngs: =

%Free b ﬁ.’.:'?*":_{ﬁﬂ / \ . 7.67

%Gra q ural rubber (% F‘\ 35.08 33.56

Total mg .,, hbnis < 1= 11.12 10.32

Total free monoMTeEg——— : 8.61 7.44
Total ohon 2.87
27.83

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw



Appendix C

Data of Mechanical Properties of Modified Acrylic Sheet

Table C-1 Data of tensile propertig dified acrylic sheet

73

‘h!'l;

No. of

Rubber ‘ —axperlmentof

Rubber e merit of +

Conten = viean S gatlon at Mean S.D.
type - CLIS CILLE h . o
(vvt%) break
3
: ) 436 445 0.5
NR 25 461, ﬂg‘“ m\ 4.2 428 458 0.35
. 002751027 60787 10 92 425 448 137
,",l : 'n
58:27 460 478 0.16
DPNR 162" 485 479 057
65.64062 ...:'-' 492 532 035
6.24 555 0.61
425 452 0.23
---------- 488 476 0.15
GNR
,,,,,,,,,,,,,,,,,,,, 6.58 6.47 0.32
, T 506 5.32 0.39
05 m 49.20 75 23 453|[475 462 463 011
1.0 0.88 55.06 46.27 50.74 4.39 424 534 450 4.69 0.57
1; . o 5.5 13 6,08 .5.82,,6.01 0.16
ﬂ 2 ‘ 5 5.9 7l 6 59.46.11 0.44
GDPNR I | |
qQ 40 6567 62.97 61.44 63.36 2.14 6.83 596 6.84 655 0.50
3420 3382 77 3327 1304%33 6.75 7.37 7180 034

9 I TINIR 8
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Table C-2 Data of impact strength of modified acrylic sheet

Rubber No. of Experiment
Rubber
Content Mean S.D.
type
4471 281
50.24 0.56
4716 2.28
55.70 1.45
7041  3.49
86.17 1.52
81.86 1.73
48.62 0.56
70.06 1.67
85.11 0.90
9497 134
/ 56.92 0.97
----- — : 78.34 228
= 87.61 1.41
09534 8925 91 .56 0 83 90.56 3.00
) 101.54 5.13
118.0 ' 12450 3.81
8.0 1249 135.11 11832 121.76 127.23 12546 6.34
0, | 6.58

RN TUUMINYAE
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Table C-3 Data of hardness of modified acrylic sheet

Rubber No. of Experiment
Rubber
Content . Mean S.D.
type ’ /
(Wt%) o A ‘ 0
) 79 78.8 0.78
NR 79 786  0.69
79 79.0 0.81
78 78.9 0.87
DPNR 79 79.0 0.81
77 77.2 0.78
76 76.9 0.99
78 78.8 0.78
78 78.4 0.69
GNR

77 76.6 0.84
75 76.1 0.99

80 792 0.78
79 809 0.56
79 774 084
77 765  0.70
74 757 141
: 71 728 147
som 711"'{2 72719 110
100/ 70 70 71 71 69 70 69 7040 71 701 073

GDPNR @

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI
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Table C-4 Data of opacity of modified acrylic sheet

Rubber No. of Experiment
Content vy Mean S.D.

Rubber
type

0.01
0.01
0.02
0.01
0.01
0.01
0.03
0.03
0.11
0.01
0.03
0.01
0.01
0.02
0.01
0.05
0.02
0.07
0.01

ﬂumwamwmm
Qmmnsmnmmmaﬂ




Rubber Tensile strength Impact strength
R;J;)pt;er content Mean
(Wt%) 1 5
- - 53.3 67.4 71.9
0.25 59.8 55.0 51.8
0.5 56.2 58.5 60.9
DPNR 1.0 58.0 73.4 75.1
15 58.0 875 91.0
2.0 43.8 76.9 79.6
0.5 57.6 74.4 74.8
1.0 57.7 86.6 85.4
15 58.8 104.5 97.7
2.0 59.0 91.4 95.6
GDPNR
4.0 57.6 92.4 92.4
6.0 36.7 1305 115.9
8.0 29.1 105.0 109.1
10.0 22.5 98.9 103.9

06




Table C-5 Continues

Rubber Rubber
content
type (Wt%) 12
- B 81 80
0.25 77 80
05 80 78
DPNR 1.0 80 79
15 80 79
2.0 80 80
05 79 79
1.0 80 79
15 80 76
2.0 80 79
GDPNR
4.0 80 76
6.0 75 75
8.0 74 u
10.0 71

74‘74 78 76 78

75

0N amm

78

AE

Mean SD
2 3

1.2 1.2 1.2 0.01
2.6 25 25 0.01
4.2 4.2 4.2 0.01
9.5 9.5 9.5 0.01
8.0 8.0 8.0 0.005
14. 14. 14.3 0.15
1.3 1.3 12 0.01
9.2 9.2 9.2 0.01
11.2 111 111 0.01
13.2 13.2 13.2 0.01
151 151 151 0.01
16.6 16.6  0.005
18.8 18.8  0.012
22.1 221 0.005

QW']&\?ﬂiﬂJﬂM']'mmﬂH

8.
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Table C-6 Data of mechanical properties ageing

Rubber  Tensile strength W‘ Impact strength
thjy?pbeer content . Pk SSed Mean S.D.
Wee) : “ ~. > 3 4 5
- - 46.4 46.2 479 497 45.3 447 47.3 2.1

025 550 565 507 477 467 502 483 28

05 52.7 53.0 484 508 456 473 480 1.8

DPNR 1.0 55.1 538 454 445 420 401 432 21

15 542 541 438 429 391 452 425 23

20 568 585 404 395 420 401 402 111

05 533 525 485 4598 47.0 488 484 1.0

1.0 53.6 525 46.1 461 440 453 455 0.8

15 534 545 396 379 401 385 389 09

2.0 457 39.7 46.2 471 460 458 464 05

il . A
- s
58.é‘|j56.6 . . . . . 0.54 MZ.O 725 745 735 731 731 0.9

6.0 36. 1196 1182 1175 1184 0.8

: ﬂuﬂ?ﬂﬂﬂ5Wﬁﬁﬂﬁlmmmﬂl

10.0 . 1 21.0 233 3.0 4. 4.27 0.09 125. 126. 1237 1243 1275 1254 14

GDPNR
40 562 551

wqmnmummmaﬂ

6.



Table C-6 Continues

80

AE

Rubber Rubber Mea Mea
tvpe content - ' L S.D . S.D
P (Wt%0) 1 2 W 6 § 7 @ - 1 2 3

d | 5
. i 81 81 Rl ‘ 3 052 3.2 3.3 3.2 3.2 0.01
0.25 77 80 8 9" 80 #5014 '80"), 8t 097 35 35 35 35 001

= 7~ \
05 80 78 8 19ff "Tom=ge 084 3.2 3.2 3.1 3.2 0.01

DPNR 10 80 80 031 43 4.4 4.4 4.4 0.01

15 80 79 4.4 4.4 4.4 4.4 0.01
2.0 80 53 52 53 52  0.005
0.5 79 4.7 46 4.6 4.6 0.01
1.0 80 6.5 6.4 6.5 6.5 0.01
1.5 80 6.5 6.5 6.5 6.5 0.02
2.0 80 7.8 6.9 7.8 75 0.50

GDPNR

4.0 80 6.8 6.8 6.8 6.8 0.01
6.0 6.9 6.9 6.9 0.02
2.8 0.02
5.3 0.37

08
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Appendix D

Data of Mechanical Properties of Modified Acrylic Sheet Containing Silica

Y ryet containing silica before and

Z

Table D-1 Data of tensile stre

after heat an

Mean S.D.

48.90 1.90
486 3.66
49.7 3.42
441 422
47.09 3.64
49.28 354
b 6057 6227 3.48
160.18 60.54 7.9
4424 37.84 1.20
After UV B : 4558 4.88
ageing e AN k67 63.01 58.99 5.49

o _? 57.9 243

Before ageifl

After heg

ageing

AUINENINGINS
RIAINTUNRIINYIAY
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Table D-2 Data of tensile strength of 2 % wt GDPNR-modified acrylic sheet

containing silica before and after heat and UV ageing

Silica content  No. of Experiment
i Mean

2 3

S.D.

39.20 40.7
8:50 8042 835.02 35.2
S

\ ] jss.ss 56.57 58.96
0.25 : M0.03 4568 41.2

2.94
3.17
1.92
7.31

63.10
45.69
45.9
41.00

. o‘.‘

1.15
5.54
11.57
1.44

46.16
37.98
42.24
37.03

3.54
2.87
3.21
9.46

0.25 % silica 297 3.14 @6 2.85

0.75 % silica u22 243 279 248

ql ' . 0.25%silica 465 333 370 373

O."% silica 3.45 H 3.63 3.52

~0.25 % silica 365 296 3.67 3.43
0.75 % silica 3.40 294 324 3.19
1.25 % silica 284 272 304 287

After UV ageing




Table D-4 Data of elongation at break of 2 wt% of GDPNR-modified

acrylic sheet containing silica before and after heat and UV ageing

83

No. of Experiment
%) Mean S.D.

1 2 3

w1l 6.05 659 6.1 044
3.36 466 3.9 0.65

Before am / ' '
éwqﬁmca;‘f@ 365 32 0.07

e, 5 0 silica w 383 32 0.5

S5 1%06:29 6.10 594 0.45
%120 391 038
31 361 025
352 336 0.14

After heat#@gei

M58 583 042
)3 391 352 051
n 342k 342 338 0.07
\ \ 07 3.44 333 0.22

After ‘ag

Table D-5 Data of iméct st +fh_g.- f acry » co |n|ng silica before and after

heat and UV age| ——

g’ji—" W

Mean S.D.

.Ij . jﬁ 4471 281

Before 25%silica 7010 60.87 7071 6588 6432 6837 5.54
ageing ‘ uca 55.78 5797 Q.’l 33 5492 5444 5688 2.82
' 240 5.13

Afmleat 0.25%silica  105.57 95.13 92.64 96.29 93.03 91.53

3.73

7 5.27
_,ageing . 075%silica. .90.32 _89.08 _ 88,31 S=Gp 90.58 0.1
1l i '|' a Vol 942 o"" o8

‘ 825/%0silicd .60 10 A8 30.2 D. 37 .6

‘ !\ L] L] L] .- ‘ ‘| L] - L :\ L=

q - 4884 4797 ®49.79 5, 47 £7.38 ¥ 2118

After UV 0.25%silica 108.16 107.28 109.54 109.79 106.85 108.32 1.31

ageing 0.75%silica  98.66 98.44 99.37 96.45 9555 97.69 1.61

1.25%silica  99.81 9519 97.62 9495 98.82 9727 216
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Table D-6 Data of impact strength of 2 wt% GDPNR-modified acrylic sheet

containing silica before and after heat and UV ageing

Silica content No. of Experiment S.D.
‘ .Mean
(Wt%)

88.99  90.56 3.00

Before 96.44 73.0 2.53
ageing 78.31 72.2 4.60
49.31 52.2 3.93
91.43 95.61 2.92
After heat 92.88 86.14 1.39
ageing 109.03 103.96 3.09
60.60 75.9 4.02
“ , 47.0 , . 4585 4648  0.59
After oV “0.25 offitichl g_, 0] B 8 8313 8504 391
ageing 0.8 si . ( 9249 101.22  3.50
1.25 81.11 87.39  5.09
Table D-7 Data of hay . Operties 818 ecti@bntaining silica before and

Mean. S.D.

79.8 0.78

Before 81 82 80 82 81.3 0.82

ageing 0710“‘31 82 84 83 83” 84 82 84 84 84 834 084

AftBheat  025%silica 80 8282 83 83 82 83 82 83 83 823 094
ageing _  0.75 %silica_ 848X 85 8¢

- * 8F "8 31 80

-
o0
O
A
o
[}
3
of
o
o
o
o

After UV 0.25%silica 83 83 82 83 82 83 82 82 82 82 824 051
ageing 0.75%silica 84 84 84 85 85 85 84 084 84 84 0843 048
1.25%silica 85 83 83 8 83 83 84 85 8 85 839 0.99
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Table D-8 Data of Harness properties of 2 % wt GDPNR-modified acrylic sheet
containing silica before and after heat and UV ageing

Silica content

Mean. S.D.

10
77 765 0.70
Before 80 80.2 0.63
ageing 82 812 0.78
82 816 051
73 763 2.00
After heat 82 83 0.66
ageing 80 811 1.19
, 80 79 226
4 .78 ( 78 418 s 7 80 792 122
After UV 0. 5 silf ,, B p:,';‘ 0 "80828 8388 81 811 110
ageing : y 35 - 8 85 841 0.99
1.25 off%ilicd 3, 52,89/ 82 83, 8 82 824 051

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI
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