CHAPTER 11
Theory And Literature Review
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tree source, Hevea Brasilig "» nt. This naturally occurring

polymer is known chemlc

HoCannnnnn

“‘N‘F‘r"ﬂﬂ?’}ﬁﬁﬂ‘ﬁwmﬂ‘i
A D ) SRS PN 2 R

colloidal suspension of rubber particles in an aqueous serum phase. The latex that
exuded from the cut is called the fresh natural rubber latex or fresh latex. Fresh latex
consists of approximately 25-40% dry rubber content (DRC) and 5-10% non-rubber
substances. The non-rubber components include proteins, carbohydrates, liquids, and

inorganic salts. Its composition varies according to the clones of rubber, age of rubber



tree, and tapping method. The composition of typical fresh latex is presented in Table

2.1,

Table 2.1 Composition of Latex Sap [3]

Constituent % Composition
Total solid 36
Dry rubber 33

Ash
Sugar

Water ~ Add to 100

In general, fresh latex hz  thic - '_ ty0£.0.975-0.980 g/cm3 with the pH of 6.5-
7.0 and a refractive index of 1.5910 Rubb s ‘ not dissolve in water, alcohol, and

acetone, but it swells and ¢ solut in benzene, toluene, gasoline,

carbon disulfide, turpéntine, chlor 'de, and other halogen

containing solvents. Tchhemical and physical propertimof latex are influenced by

clone, age of mﬁ:ﬁﬁﬁﬂly%c%{wrﬂﬁﬁﬁm of tapping.
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Fresh field latex from Hevea brasiliensis tree has a rubber content of ca. 30-
40% DRC, dispersed in water or dispersion medium. The concentration of latex is
necessary not only to reduce the volume of latex for transportation, but also to reduce

the ratio of non-aqueous substances to dry rubber content. In addition, several of the

industrial processes use the latex which has concentration higher than 33%.



There are several concentration methods, such as evaporation, creaming,

centrifugation, and electrodecantation, etc. Typical methods are described below.

2.1.2.1 Concentration by Creaming

Concentration by creaming is sedimentation process using creaming agents €.g.

ammonium alginate. In natural rubber
3

/- density of rubber particles is less than

that of dispersion medium. Afie the rubber particles tend to rise
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to the surface of the disw

while the dilute latex fo
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umﬁhe@d latex is known as cream,
ver la as skim. The serum layer is

drained off after incubati

2.1.2.2 Concentrati
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creaming process, by ; successful conc tained with a significant

-

difference between witbﬂxe density 0 rubber paxticleﬂlhat of the aqueous phase.

The centrifuge conc eﬂi skim, &' | :
Concen\gj ﬂﬂﬁzﬁﬂﬂiau Eél’/:lﬂ ﬁth a lesser amount of

non-rub : t ‘ i i is cre e are large

paﬂicleﬂﬁiiﬁ a&:ﬁim:ﬁﬁiliﬂ‘gjo}j a}ﬂ: molecular

weight of the rubber from cream phase is a typical bimodal molecular weight

distribution, with peaks at My, of 2.0 x 10° g/mol and 1.2 x 10° g/mol [4].

The serum or skim latex contains a small amount of rubber particles, 4-10%
DRC, with a high amount of non-rubber components, including amino acid, proteins,
carbohydrates, organic acid, inorganic salts and nucleotidic materials. The rubber

particles in serum phase are small particles and show a size distribution in a range of



0.05-0.3 um. The molecular weight distribution is a unimodal, with a peak at 1.0 x 10°

g/mol [5]. The h_dn obtained by osmometry is higher than that of cream phase but no

significant difference in the I\TLV

2.2 Standard Thai Rubber [6]

Rubber) according to the rea

Lalilla

Rubber attains the internationa

STR XL, STR 5L
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STR S

STR 10, STR 20
STR 10 CV, STR 20 CV

om Hevea brasiliensis tree.

improved consistency and

upwJ.r-q |
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cgagulated under strictly controlled conditions.
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Elther whole fr&}x coagulum or

w% %M)a Hend of them

subjected to further crumb processing.

Field grade materials based on USS,

lump, scrap, green crepe or mixture.

Lump and scrap are field grade materials derived from latex naturally

coagulated in different manner such as in the tapping cup or other suitable vessels, and
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in the trace of tapping etc. Field grade materials are USS or green crepe or cuplump or
field coagulum or scrap or mixture which contain certain proportion of each of them

according to the STR grade intended to process.

2.3 Graft Copolymers

molecules with one or more species

A graft copolymer is a poly -\ D
of block connected to the & din, Che &hains, having constitutional or
in chain, exclusive of branch

points. In a graft copo ‘ dis ~\Q?"?’1 feature of the side chains is
npri \0\.,;,-} d from at least one species of

N
i il

monomer different from gat'supply the wnits of the main chain. The simplest

case of graft copolymer cadl bafrepreser ,7 ¢ th \K' structure.

\\
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Where QW-I awﬁmw mﬁ) ﬂ‘sﬂﬂﬁﬂ or backbone,

the sequence of B units is the side chain of graft, and e backbone to which the
graft is attached [7].

Graft copolymers produced by causing a post polymerization of vinyl
monomers such as styrene, acrylonitrile, methyl methacrylate or glycidyl methacrylate
either independently or as a mixture of a plurality thereof to a rubber-like polymer

latex have been well known.
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2.3.1 Glycidyl Methacrylate [8]

Glycidyl methacrylate (GMA) monomer is dual functional, containing both
acrylic and epoxy groups. The fact that both of these groups readily react with a wide
range of monomers and functionalized molecules provide the user with maximum

freedom and flexibility in polymer design.

Figure 2. i cthacrylate \-u Structure

The dual functionality G "_ 1 os together desirable properties of both
acrylics and epoxides. For exa s weatherability of acrylics and the

chemical resistance ofigpo vailable in ‘he physical properties of

GMA are shown in Tabl

Table 2.4 Typical Physical Properties of GMA/Monomer [8]

ﬂ‘LJH’JVIEW]TWEI’]ﬂ‘ﬁ

Property | . _ Value

Molecul 3 cigh

Appearance Clear liquid
Boiling point at 760 mmHg, °C (°F) 195 (383)
Density at 25 °C (77 °F), g/ml 1.074
Flash point , °C (°F) 85 (185)

Pour point, °C (°F) -81.7 (-115)
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Table 2.4 (Continued)

Property Value
Refractive index at 25°C (77°F) 1.4473
Surface tension at 25 °C (77°F), dynes/cm 336
Thermal conductivity at 25°C (77°F), W/(m-K) 0.158
T.,°C K) “\ ’ , 75 (348)
Water solubility at 20 °C (68° \\, 0.023
Organic solvent solublhtz—-__.-ﬁ | | Soluble
Heat of formation’, kcal/ 7'\ -91.22
Entropy’, cal/(mol K) : A N 116.78
4 W __q‘jtﬁ “:\
Free energy of formationgkca i/ = 0 \, -54.74
"Tg at infinite molecular weight dg q d y'ﬁn . jechnique
V. - -l
*Predicted via computer prograr : " ,;J E;.J _:_ }j i ’_4
Y f J.{:: J.? r.
2.4 Polymer Blends [9] | iﬂ.ﬁ‘éf i ‘
=1, yor
O\ . £
By definition; dny-physical—mixtun e-of -two-or-niore different polymers or

copolymers that are noﬂmk d by coval a pmer blend, or polyblend.

Some scientists like to mq}(eﬂ‘I an analogy witl&yetals and call such mixtures polymer

aoys, There 10 b e Yot i P bl Jrom the demand for

engineering plasty:s and specialty elastomers and fibers. A number ,of technologies
e A G o e b e 5.1
happens that most polymers are not compatible. They separate into discrete phase on
being mixed, although an increasing number of completely miscible blends are being
developed. Differences between the two types are manifested in appearance-miscible
blends are usually clear, immiscible blends are opaque-and in such properties as a glass
transition temperature- miscible blends exhibit a single T, intermediate between those

of the individual components, whereas immiscible blends exhibit separate Ts
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characteristic of each component. Miscibility is by no means prerequisite to
commercial utility.

A major problem with developing miscible polyblends is trying to predict
miscibility. Attempts to predict miscibility using solubility parameters have been
largely unsuccessful because strong dipolar interactions are not taken into account. It
has been shown, for example, that compatibility may be greatly enhanced by dipole-

dipole attraction, hydrogen bondmg, N\Mf ;Ed charge-transfer complexing, as

well as by minimizing dlpole dlffere n the individual polymers.

ble ds Ws predictable. Attempts to
77 )1 by%ﬁ‘; of varying morphologies

{ables, F ently, one polymer will

Properties of i immiscible-pols

develop additivity relatio

‘( d. d .

bt\ :%erse as a noncontinuous
0 on. Which polymer is the
xample, a 50/50 blend of

(an elastomer) will be hard if

m&?’?ﬁdp

_’,_

polystyrene is the continuous phas_;—ﬁm smystyrene is the dispersed phase.

Alternatively, an irm%eé:lble polybleud_m%( ponents dispersed as
LV

il

continuous phases. _.|

The major problem w1th 1mm1501ble blends is the oéej:n poor physical attraction

at phase boundaﬁ wxﬂ tax ﬁd&j m Wﬂﬁ']aﬁ?ress with resultant

poor mechanical ptoperties. To 1mprove compatlblhty between 1mmlsmble phases, a
e QAT AT e
physically flocked” together by the interdispersed tree-dimensional network, a
phenomenon referred to as topological bounding. Such mixtures still undergo phase

separation into microdomains that vary in size according to the degree of immiscibility.



Table 2.5 Types of Polyblends [9]

13

Type Description
Mechanical blends Polymers are mixed at temperatures above T, or T, for
amorphous and semicrystalline polymers, respectively.
Mechanochemical blends Polymer are mixed at shear rates high enough to cause

Solution-cast blends

Latex blends

Chemical blends

Simultancous umﬂ %xﬁ ’J

polymer networks (8IN)

ARIaNNT

Interpenelratmg elastomeric
networks (IEN)

da ’ Itant free radicals combine to form

mcludmg block and graft

nmon solvent and solvent is

)

polymerized to network

polymer (also called pseudo

%%%’J% ﬁ q‘ﬂﬁl homopolymerized

and crosslmked snnultaneously, but by noninteracting

B INYINY

Latex polyblend is crosslinked after coagulation.

N).

Another approach is to incorporate compatibilizers into the blend to improve

adhesion between phases. The most successful approach to compatibilizing polymer
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blends from the commercial standpoint is to generate graft copolymers in situ that help

bind the immiscible phases together.
2.5 Compatibilization [10]

Generally, melt mixing of two polymers produces a material that is weak and

brittle. The low deformation modul follow an approximately linear mixing rule,

but the ultimate properties ¢ 1s rule because of the presence of

stress concentrations anwfaCQ bewSpersed phase and a matrix.

The process of bridging to gahag , al rties by the addition of a third

) inferfac ) Sioft in t, leading to a finer dispersed

2.5.1 The Metho«l,of Compatlblllzatlon

ﬂ‘lJEJ’mEJ‘V]ﬁWEﬂﬂ‘i

The method of compatlblllzan‘on can be broadly grouped mto four categories.

‘Mﬂéﬂ ANDIAINIINAY

This method is a main idea to produce commercial blends. Following the
equation 2.1, the miscibility between polymer is determined by a balance of enthalpic
and entropic contributions to the free energy of mixing. The change in free energy on
mixing (AG) is written as

AG = AH - TAS 2.1
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Where H is enthalpy, S is entropy and T is temperature. For spontaneous mixing, AG

must be negative and so

AH - TAs < o (22)

The entropy of polymers is almost zero. This inferred that exothermic mixtures
(AH < 0) will mix spontaneously, whereas endothermic mixtures miscibility will only

happen at high temperatures.

2.5.1.2 Addition of Ble r's
— —

The addition of‘m/ hnts the most extensively
researched approach to tibilization ofit ti rhaps not surprising that
block and graft copolymers €o y identical to the blend
components are obvious n that miscibility between the
copolymer segments and ent is assured, provided the
copolymer meets certain s weight requirements, and that the

T
copolymer locates preferentlally"aﬁtﬂ%fﬁi‘eﬁ This action mode is illustrated
in Figure 2.3. Better dispersion-and-adheston-result-in-impr 2 &d mechanical properties

of the compatibization bl nd. ersﬁ) does not necessary give

the best physical propertigs o the blend. T optlmum size of dispersion must be

related to the reﬂ»e%ﬂ '} %}%ﬂ‘gbw EJ"] ﬂ j

Grafted polymer Lepolymer

IR ANEaY

Phase of polymerB

Figure 2.3 Schematic Diagram Showing Location of Block and Graft Copolymers at
Phase Interfaces [10]
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2.5.1.3 Addition of Functional Polymers

The addition of functional polymers as compatibilizers has been described by
many workers. Usually a polymer chemically identical to one of the blend components
is modified to contain functional (or reactive) units, which have some affinity for the

second blend component; this affinity is usually the ability to chemically react with the

second blend component, but other i' ction (e.g. ionic) are possible. The

functional modification may bq\

process. Examples mclud@g of ma

polyolefins, the resulting

r via an extrusion-modification
lWe or similar compounds to
\mg.r&ability to form a chemical
linkage with polyamide i tefmi; ino Functionalised polymers

(usually maleic anhydri i _. » ' lyolefins) are commercially

e BRI
In this method 3e blend compone:fts M

so the reaction occurs during melt blendi *ed for addition of another

i or modified themselves,

compatibilizer. The mai{loint is the in situ formation of th or block copolymer by

the fOIICiwIl:iC vﬁﬂﬁﬁnﬂnﬂfg"“ EJO’:] ff] <jmp0nent polymers,
induced %:ﬁ :J ;‘aﬁ“ﬁai !m :kl:]oggmpﬂ:lr @ ﬂated by free

radical initiator.

- Interchange reaction in the backbone bonds of the components, likely in
condensation polymers.
These reactions may be occurred either in batch-type melt mixers or continuous

processing equipment (such as single and twin screw extruders). However, the



17

disadvantages of this method are the cost is increased and the chemically linked

structures may prevent recycling.
2.6 Literature Review
Egboh and Mukherjee [11] studied the grafting of glycidyl methacrylate and N-

‘Epﬁ tion using the cobalt-60 at 32°C. The
[ @centration was found to be 0.93
.-#I

vinyl pyrrollidone onto natural rubb.

~q

/i
Cartier and Hu [B] st-udie ' ical graftiiﬂ of glycidyl methacrylate

(GMA) onto po yethyleﬁ'eﬁn the melt ing 2 5-bis(tert-butylperoxy)-2,5-
dimethylhexane %}uﬂlﬂ&nﬁ:ﬂﬂ g\ﬁ ow that the use of
styrene as.a ¢ omer greatly ﬂ i 'emfraﬂing rate
onto poahﬁzj ﬁbﬁﬁsi mﬁﬁﬁﬂyjc ism of the free
radical grafting of GMA onto polyethylene is that styrene reacts first with polyethylene
secondary macroradicals and the resulting styryl macroradicals then copolymerize with
GMA leading to grafted GMA. The contribution of styrene is not related to an
improved solubility of glycidyl methacrylate in the molten polyethylene. The GMA ’s

grafting yields obtained in the batch mixer are higher than those in the twin screw

extruder.
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Cartier and Hu [13] studied the efficiency of using styrene as a comonomer to
promote the melt free radical grafting of glycidyl methacrylate onto ethylene and
propylene rubber (EPR) in the batch mixer and corotating self-wiping twin screw
extruder. GMA’s grafting yield obtained in the presence of styrene is three times
higher than that obtained in the absence of styrene under the same reaction conditions.
The conversion of the glycidyl methacrylate monomer to grafted species was more

than 80%. Comparison of grafting OKW / lélcumyl peroxide (DCP) was higher

than that of aa-dl(t-butyl-p ropylbenzene (DTBPIB). The

‘—:
time required for the EPW : @t styrene to reach a given
€ i \U“hmgs that needed for the same
: ; styrene. This significant reduction of

K '1_‘;:-'-‘ o v Ll
Sun et al. [14] studied the frﬁdx% of glycidyl methacrylate (GMA)

JI’I’I‘/ &

onto polypropylene m}flcorotatmg twin screw extruc presence of styrene as a

greatly with reduced

polypropylene chain dcg]datxon The GMA’s grafting le

concentration o a 'i nzene and GMA'’s
grafting yield d@;galth nilm eﬁeﬁ or Zjie For a particular
specific ?ﬁ ?I throughput
with a cﬁcm (ﬁgapm lgf]eed bro ,E)t aboEJa decrease in GMA'’s

grafting yield.

mcreased with increasing

Tedesco et al. [15] studied polypropylene functionalized with maleic anhydride
(PP-MA) and polypropylene functionalized with glycidyl methacrylate (PP-GMA) as
compatibilizing agents on polypropylene (PP)/Nylon 6 (Ny6) blends. The crystallinity
of the components of the PP/PP-GMA/Ny6 blend was virtually unchanged indicating
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that the presence of PP-GMA did not distrub the crystalline structure of the blend
components. PP/PP-MA/Ny6 presented an improvement in properties when compared
with PP/PP-GMA/Ny6 and PP/Ny6. The elongation percentage value of the blend with
PP-MA was higher than for the others blends. The compatibilizing effect of the PP-MA
for the PP/Ny6 blends was more effective than the PP-GMA.

Chen et al. [16] studied “'Wf glycidyl methacrylate modified
polypropylene copolymer ‘3&.{9& ﬁatibilizer for polypropylene
(PP)/acrylomtnle-co-butmlpgryllc-’amd-n“bb_u:(NBR) blends. For the non

ion of the NBR in the PP matrix

ycidyl methacrylate onto
lend, was increased, there was a
i %ﬁﬁ?of the NBR became more

\added, up to an eight fold
pared to that without reactive

copolymer. Reactive coyolymers Vmut enc yielded somewhat higher impact

a-rp--.-"'

energies than the corrg)ondmg copolymé"rs wnth mt ﬁ same GMA’s grafting

level. The number avrmge’ molecular weight o is in range from 20 to 37

kg/mol. ﬂ

0 o o/
Kim andﬂeuﬂtgengﬂm ﬁpﬂ(ﬂ;lﬂgcidyl methacrylate)
in situ compatibilizef on the morphology and 1 properties
of the 1dnﬁ’] a ﬁﬁ mahlim)’l’a‘)ﬂ allﬁk%)rblend. The

€poxy group in PS-GMA reacts with the carboxylic acid group in PBT, thus PS-g-PBT
copolymer is formed and acts as a compatibilizer between PS and PBT during the melt
blending. Rheological behaviour of blends having in situ compatibilizer was
investigated by dynamic oscillatory shearing measurement. The amount of graft

copolymer formed during blending increases, the viscosity at low shear rates increases

but the degree of shear thinning is not pronounced. For polymer alloys prepared at the
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setting temperature of 230°C, the finer morphology was obtained when more than 5
phr PS-GMA decreased to 3 phr when the setting temperature in the mixer was

increased to 240°C since at higher temperature more graft copolymer can be formed.

Oommen and Thomas [18] studied the mechanical properties and fracture
behavior of natural rubber/poly(methyl methacrylate) blends. Tensile strength, tear

increase in natural rubber content.

strength and Young’s modulus de{:rf f
Coran’s equation is found to agree wi rimental value. Addition of a
compatibilizer reduces thewdomain- sizeffolléﬁ@-a leveling-off at higher graft
copolymer concentration.

-
b, .,}eahﬂ% and Izod impact strength

show considerable impro it n of th'e"'ﬂggaft copolymer. The properties
r " l"'. I-ﬂ

domain size is maximum. Interfacial
&
s by the addition of the graft

H_.i,‘ i, ';r“' e

¥
r

the failure surfaces) indicate no adhesion between fhe components in the
2

uncompatibilized sy . The presence of ¢ fracture surface of the

=

- =
compatibilized system i-inliicates irﬁp?ove interface adhesl.bll.

‘ﬁ" o (Y

Thiraph%gal [’11] mﬂmjfew &Ji:i]iﬁrincentration, reaction
temperatur omer concentrati n! eacti e on the grafting of the methyl
metha:rgl:m rﬁnﬁm ﬂﬁuﬁﬁ?ﬂgﬂi@] gjrsulfate as an
initiator. The graft copolymer was carried out by emulsion polymerization. The
appropriate conditions for the preparation of grafted natural rubber were found to be
100 parts by weight of the monomer per 100 parts by weight of the dry rubber content,
0.75 phr of the initiator concentration, and a reaction temperature of 55°C for 8 hours,

which gave a high monomer conversion and grafting efficiency. The tensile strength,

tear strength, and hardness increases with an increase in poly(methyl methacrylate)
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(PMMA) content. The tensile fracture surface examined by scanning electron
microscopy disclosed that the graft copolymer acted as an interfacial agent and gave a
good adhesion between the two phases of the compatibilized blend.

AUEINGNINYINS
ARAINTAUNM TN
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