CHAPTER 11

THEORY AND LITERATURE REVIEWS

2.1 Natural Rubber [2,3]
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systems used in centrifuged concentrate are given in Table 2.1. The predominant
lattices are the HA and LA-TZ types. Latex concentrate prepared by evaporation is
usually stabilized by potassium hydroxide, whilst creamed latex is normally

preserved with 0.7 percent ammonia.



Table 2.1 Types of preservation system used in centrifuged NR latex concentrate

Designation Abbreviation Preservation system ( % by weight)
High or Full Ammonia HA 0.7 % ammonia
Low ammonia TZ LA-TZ 0.2% ammonia, 0.025 % zinc oxide,

).025 % tetramethylthiuram disulphide
é)ﬂ\moma 0.2% sodium

Low ammonia

pentachlorphenate

Low ammonia boric agi ~ "ﬂu mmonia , 0.24% boric acid
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Figure 2.2 Head — to — tail arrangement of polyisoprene



Most commercial natural rubber contains 93-94%wt of cis-1,4-polyisoprene.

In this configuration, carbon atoms 1 and 4 are both on the same side of double
bond.
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% The rubber in natural latex is cis-1,4- -polyisoprene with a molecular weight in

the region of one million. The molecular weight cannot be known precisely because
there is always a proportion of the rubber which is insoluble. This proportion, the gel
content, steadily increases as the latex is stored, presumably due to a process similar
to the ‘storage hardening™ which occurs in dry rubber. After about two to three
months storage the hardening ceases and the gel content may be as high as 50

percent in toluene. The measurement of gel content is complicated by the fact that



the amount of gel is solvent-dependent, which suggests that much of the apparent
cross-linking does not involve covalent bond. As a result of storage hardening the
rubber in mature latex concentrate has a Mooney Viscosity greater than 100.
Increases in rubber hardness, however, do not produce any discernible change in the

film-forming properties of latex.

concentrated latex caii ample, by gel permeation

chromatography. Resu asuremients.are shown in Figure 2.4. For a LA-
TZ latex. the rubber f; 7as dissolved in’ drofuran The gel content in
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Flou 2.4 The molecular \gexght dlstrlbutlon of NR latex rubber (LA-TZ)
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2 2.2 Non-rubber Materials in the Serum

The non-rubber materials in the serum from latex concentrates comprise a
wide variety of chemical species. The major constituents are known to be proteins
and their decomposition products, fatty acid soaps, and a range of organic and

inorganic salts.



The overall compositions of both HA and LA-TZ lattices are summarized in
Table 2.2 for both the latex and the total solid film. These figures can only be
regarded as an approximate guide to the composition of natural lattices and much

more research needs to be done before a precise composition can be established.

Table 2.2 Overall compositions_in.p e by weight of lattices and total solids
films ' "*:‘*\ ‘.‘/"

LA-TZ

TSC
Rubber 97.62
Protein,etc 1.69
Soaps 0.38
Salts 0.32
Ammonia :
Water -
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When in th%ee the pat atura latexm'e presumed to possess an

adsorbed layer of a protein-lipid complegxs similar to the membranes of many

biological oﬂs 'N %ﬁs}qﬁi})w %iwm&%m preserve the latex

concentrate, the lipid materials are eheved to hydrolyze slowly, releasmg fatty acxd
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concentrate is stored.

Nevertheless, little direct knowledge of the materials adsorbed on the latex
particles exists. The surface proteins have never been isolated as such and they are
often presumed to be similar to those identified in the serum but they may be

different.



2.3 Prevulcanization of Natural Rubber (NR) Latex [4]
2.3.1 Definition and Importance

Prevulcanization of NR latex is defined as a process in which chemical

crosslinking of rubber chains takes place inside each particle disperse in aqueous

latex serum. Drying of prevulcaniz roduces a crosslinked film without the

need for further heating. Gne of tl ntages of prevulcanized latex is
. - ym _‘ .
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constituents which also act as accelerator in latex. Chemical network structure of

heﬁspersions of sulfur and an

sulfur vulcanized rubber can be presented in Figure 2.5.
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2.4 Vulcanization [

Useful rubber anical goods, cannot be made

without vulcanization. 34 y not very strong, does not

maintain its shape a ] can be very sticky. In short,

unvulcanized rubber can | nsistency as chewing gum.

2.4.1 Definitio

4.
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The term y‘?ﬂ ‘ 13 rubbery or elastomeric

materials. These matetials forcibly retract to their appr mately original shape after
a rather large echani ﬁ mposed deforfhdtion. Vulcanization can be defined as a
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deformation %mammg after remqyal of the de rmmg force. T , vulcanization
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formadtion of a crosslinked molecular network. (Figure 2.6)

process wh
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24.2 Effects of V canizate Properties

At the molégu ofind chemical changes. The

weeh 100,000 and 500,000)

long rubber molécll
become linked togﬂer with"§j »sslinks) spaced along the polymeric

chains, with the average distance betwee“unctures corresponding to a molecular

weight bet H}E!n‘f(a %tﬁvj ?'r ﬂ ‘?sult of this network
formation, ﬁ er becomes essentla ly insoluble in any solvent and it cannot be

vﬁ é’ extruder, on
a mﬁ ﬁﬂﬁmm ﬂmﬂ:'; mm gessential that

vulcanization occurs only after the rubber article is in its final form.

Major effects of vulcanization on use-related properties are illustrated by the
idealization of Figure 2.7. It should be noted that static modulus increases with
vulcanization to a greater extent than does the dynamic modulus. The dynamic
modulus is a composite of viscous and elastic behavior, whereas static modulus is

largely a measure of only the elastic component of rheological behavior.
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Figure 2.7 Mechanic al properties ( f the extent of vulcanization
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Hysteresis is red osslink formation. Hysteresis is the

ent to the elastic component of
deformation resistafice fiation energy which is not
stored (or bome v ' is converted to heat.
Vulcanization then l ses a trade-off of elasticity for scous or plastic behavior.
Tear strengt ﬁiatl ue ffand toughness ak€ related to the breaking energy. Values

m mm mﬂo@]@ ﬁbut they are reduced

by further crﬂslmk formation. Preperties relatﬁg to the energy&g—break increase
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decredses as more network chains are developed, the energy-to-break related

of these pro

properties are maximized at some intermediate crosslink density.

It should be noted that the properties given in Figure 2.7 are not only
functions of crosslink density. They are also affected by the type of crosslink, the

type of polymer and the type and amount of filler.
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Reversion is a term generally applied to the loss of network structures by
non-oxidative thermal aging. It is usually associated with isoprene rubbers
vulcanized by sulfur. It can be the result of too long of a vulcanization time
(overcure) or of hot aging of thick section. It is most severe at temperatures above

about 155 °C. It occurs in vulcanizates containing a large number of polysulfidic

crosslinks. Though its mechani ex, a good deal about the chemical
o
changes which occurs duri 1 41 rubber has been deduced.
— T——
Sometimes the tesi sersion| is appliee other types of non-oxidative
degradation, especiall ‘ ers not based on isoprene. For example,

thermal aging of SB 1 4se 1ncre _crosslink density and hardening,

has been called reversi
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Sulfur is the main curing-agent- ¢ crude rubbers that contain enough
vulcanization proceeds via a
polar or ionic mechanisai whcic specics-OEthe Lype RS, -' R = rubber chain) added
onto the double bond: ; anization network of rubber
similar to the netwolg

2.3,

structure of sulfur—prevulcanize;ﬂtex as illustrated in Figure
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Since e vulcanization of rubber by heating with sulfur alone is a relatively
slow=pr xhibi ‘f ci >~ S ﬁ elerators to
incﬁeﬁ?ﬁfiﬂnﬁgy &n’c]:glmam cﬂ:plex sulfur-
containing organic compounds such as tetraalkylthiuram disulfide, zinc
dialkyldithiocarbamate, and related compounds, as well as a few non-sulfur
compounds such as aryl guanidines. Many accelerators function best in the presence
of activators, like zinc oxide (ZnO) and stearic acid. Due to the importance of
solubility of the accelerator and activator, a rubber-soluble soap, e.g., the zinc salt of

a long chain fatty acid, is usually interacted with molecular sulfur (Sg) to form a

sulfurating reagent or zinc perthio-salt (XSxZnSsX). This salt reacts with the rubber
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hydrocarbon (RH) to give a rubber-bound intermediate (RSxX) which subsequently
reacts with a molecule of rubber hydrocarbon (RH), or itself, to give polysulfide
crosslink, and more accelerator is regenerated. The polysulfide (RSy.{R) in turn can
lose sulfur to give monosulfidic and disulfidic crosslinks, or can give cyclic sulfide
with loss of crosslink. With a large accelerator: sulfur ratio, most of the polysulfidic

is transformed into monosulfide’ cross and the undesirable cyclic sulfide

formation is suppressed.. The genera ism of the accelerated sulfur

§ fur—donor +Activator
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Crosslink shortening with
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Crosslmkmg destructlon with
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Final Vulcanizate Network

Figure 2.8 General mechanism of accelerated sulfur vulcanization (R = rubber

chain, H = allylic proton and X = accelerator)
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2.5 Molecular Weight of Polymer [6]

Molecular weight of polymer is generally very high, ranging from about
25,000 g/mol to 1,000,000 g/mol or higher. Polymers differ from small-sized

compounds in that they are polydisperSed or heterogeneous in molecular weight.

When one discusses the moleeular weigl olymer, one is actually involved

with its average molecu

2.5.1 Molec

There are three reightaverages in common use.

1, Number Jmoletiitar
\ \

Number—average Jf involves a count of the number of

molecules of each species -v by the fotal number of molecules. M, was

= -l
A

M n = ZI\IIMI .m

ﬂuﬂqwﬂﬂihﬂﬂni

Where N; is the nushber of molesayhose weight is gMi.
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The methods for measurmgM are those that measure colligative properties

of solution—vapor pressure lowering (vapor pressure osmometry), freezing point
depression (cryoscopy), boiling point elevation (ebulliometry) and osmotic pressure
(membrane osmometry). The most common methods are membrane osmometry and
vapor pressure osmometry. Vapor pressure osmometry, which measures vapor

pressure indirectly by measuring the change in temperature of a polymer solution on

dilution by solvent vapor. It is generally useful for polymers with M , below 10,000
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—15,000. Membrane osmometry is limited to polymers with M , above about 20,000
— 30,000 and below 50,000.

2. Weight — average molecular weight, M,

The principal method of detegmining the weight — average molecular weight

The lower limi By hedig attering method is close to 5,000 —

10,000. Below this scattered light is too small to

measure accurately.

Solution Yiscosity—iiieasuies—iie-—Viscosity——-average molecular weight.

Viscosity, like lig “sized polymer molecules.

N9
1918 Y

Where a is a constant. M , depends on a as well as on the distribution of

-1

M , was defined as: "

AuLng

molecular weight species. For many polymers M, is 10 - 20% below M ,, .

For a polydisperse polymer with the differences between the various average

molecular weights increasing as the molecular — weight distribution becomes
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broader. Distribution of molecular weights in a typical polymer sample is shown in

Figure 2.9

Weight roction, w,

Figure 2.9 Distributig ofﬁq_ e a typical polymer sample

TR

2.5.2 Mol f;—\:' ]

Size exclusim chromatography (SEC), also merred to gel permeation
chromatograph (GPCfiﬂnhe method most.videly used today for determining the
o R W o £) 1710

s ¢ :
- ti rom: ‘ (GPO) S US ize exclusion
prin%lﬁl:fﬁ ﬁlﬂl iﬁﬁ:ﬂﬁﬂﬁmuﬁﬁ Eliius, can or
cannot enter small pores in a bed of cross-linked polymer particles, the most
common form of the stationary phase. The smaller molecules diffuse into the pores
via Brownian motion (See Figure 2.10) and are delayed. The larger molecules pass

by and continue in the mobile phase.
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Mobile Phase
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The instrumentation m f;u_ sed in GPC work is illustrated in
Figure 2.11. The stati  phase” ofas pgtous particles. While the
mobile phase flo é; “a specifie ,E’ J,l rent delivery system, the
sample is injected —i the the columns. The length of time

that a particular fractxo‘p remains in the columns 1s called the retention time. As the
mobile pha the smaller and the
larger mol &uﬁ? ﬂﬂﬁ Eumﬂmg;maﬁon of polymer
chai rding_to re are many
l&”lﬁﬁlﬁﬁmﬂw%ﬁ’l N
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With the exception of proteins and a very few other macromolecules, most
polymers exhibit some form(s) of heterogeneity. The most important is the

molecular weight distribution (MWD), sometimes called a molar mass distribution,

or polydispersity index (PDI), equal toM,/M, Another type of heterogeneity

involves a distribution of chemical ¢

position, including statistical, alternating,
block, and graft copolymer ‘ type of heterogeneity relates to
functionality, particularly ccules with terminal functional
groups are usually ca ers. Molecular architecture
provides yet another { le shape of the chain. While
most synthetic poly sing number of polymers are
rod shaped, or fo . Each of these types of
heterogeneity must uring molecular weight by

relative methods.

There are two v lag #¢ __: g J ethods o characterizing polymers with
one or more of the abov ieities. Gelypermeation chromatography (GPC),
also known as size exc .- sion  chror stography (SEC) or gel filtration

chromatography, ods available for molecular

weight (molar ma I"“_ ribu ‘While GPC has its greatest
value for measuring | e mole yoly 1spﬁity of synthetic polymers,

a closely related metho‘d high performance liquid chromatography (HPLC) is more
useful for s ﬁd? ﬁ ﬂ?rﬂ ﬁﬁjﬁﬁl tlonal groups, such
as proteins ﬁ aceutical ers alning speci tive group Both of
AR nena e

3 : o € , .
2.6 Degradation of Polymer [8]

Degradation may happen during every phase of a polymer’s life such as
during its synthesis, processing and use. Macromolecules are composed of
monomeric units that are joined by chemical bonds to each other. The monomeric

units contain chemical bonds, which either are in the main chain of macromolecule
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or connect various atoms or side groups to it. The dissociation energy of carbon —
carbon bonds in the middle is 75 — 85 kcal/mol. The most important types of energy
that causes degradation are that of the ultraviolet (UV) of sunlight. The wavelength
is 300 nm and energy is about 95 kcal/mol, which is higher than most bond

dissociation energy in polymers. UVB radiation that is in the range of 290 — 315 nm,

is important in the degradation of.paly

Chain scission apd “erosslinking & change of molecular weight

distribution. Oxidation ar her chemical the side chains also, cause

changes in chemical ult in discoloration. The

dissociation energies ofhe vé ‘ \o mer may determine the course
! )

Table 2.3 Bond dissociz oafend l|| . onds

of degradation. Tab s of various single bonds.

Bond dissociation
Bond )
energies (kcal/mol)
C,Hs-H 94
n C3H7 -H 72
t-C4Hg — "4 2 3 =Cl 84
on-ofi gt JRYYIGHEING  »
CeHs — 103 CH, = CHCHZ o 65
/s
W)Ax ﬂ‘i;uuﬂngv IR
Cz% - 08
C,Hs - CH; CHZHD 106
n-C3H; — CH; 83 HO - OH 51
t-C4Hy — CH; 81 t-C4HoO — OH 36




2.6.1 Random Chain Scission and Crosslinking

Typical examples for degradation processes with random chain scission
character are hydrolysis, thermal degradation and degradation by radiation.
Degradation by UV radiation usually occurs by a mechanism involves free radical

formation, as follows:

depolymerization because this process duces the terminal active site capable of
depropagation. In initi ain Seissio o macroradicals are formed

with different termi

X X
.
~NVH,C——C——CH, T . CHZ—-cI:ww
Y Y
b) The terminal radical$-formec “initiation step or in the depropagation
steps must be stable eno not to partici ious side reactions such as chain
transfer. A very ; 10n way of chain trans: :- bstraction from another

macromolecule. E :

AubIngng ‘fm’fm

QN C——CH,

qua\ﬁﬂitﬁu INEANY
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¢) Termination can be a uni—or bimolecular reaction for example:

Disproportionation:

) %
<=
g

The termination pre ar weight, they can participate

Y

in further reactions: =

U

“ﬁ'[rzm"ww%’wﬂ'mi

A ve 1mportant type of p‘plymer degradanon consists of those processes,

IR NN T
kind radation is the participation of side groups in the reaction

or example,

vinyl polymers of structure (-CH, — CHX-), where X is an electronegative group.

HX elimination is the most common form of degradation.

W H C——CH—— — MVUHC —=CH——  + HX

X
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The elimination of side groups from polymer likes the elimination of HX
from low molecular weight compounds, usually proceeds via a nonradical
mechanism. Reactions of the polymer side groups are important not only with
respect to degradation but also for intentional alteration of some polymers such as

preparation of poly(vinyl alcohol) from poly(vinyl acetate) that is carried out by

alcoholysis of the acetate grou y/
2.6.3 Oxndatl \
// a ledat \- atures in the absence of air,

?\ \ , e of oxygen. Oxidation if
a

slow or even negligible at

Although all p
degradation is almos
hydrocarbons is normallyfaugo-
first but gradually acgéleratesyofte

normally removes the slow; u‘?ﬁ

stabilizers extend it. P T

a‘ A @ \ ue. The addition of an initiator

ng 1 n time and antioxidants and

Ground state oxygem-is Giuisu al ir ts in the triplet state, i.e, it is a
diradical (I). Although excited sinolet oxyoen—(I-¢an be important as an
VEESS AY

autooxidation initiator - en normally reacts with

.

organic compounds i radical chain reaction involving#he ground state.

ﬂuﬁl’mﬂ‘ﬂ‘mﬂ_’ﬂ‘i

O——=0 O

ama@nim YRIINYIAY

Each cyclical sequence of reactions (III) and (IV) absorbs one molecule of

oxygen and leads to the formation of hydroperoxide.
Re + 02 r———— RO (IH)

ROO* + RH —> ROOH + Re (IV)
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Since reaction (II) is a radical pairing process it has a low activation energy
and occurs with high frequency. The second step (IV) on the other hand involves the
breaking of a carbon-hydrogen bond and has a higher activation energy. In most
polymers at normal oxygen pressures, the rate of this step in the chain reaction

determines the overall rate of oxidation.

itiated by any radical generators.

Initiation normally occurs by thern lysi is of the hydroperoxide formed

2ROOH V)
ROOH (VD)
Since both the 1 “and - hydroxy lical are efficient hydrogen
abstracting agents, they effectively inject radieals into the radical chain (III),
(IV) by reaction (VII)
RO e

“ﬁusquMsws’ni
Wﬂwmumwmé’ﬂ

Polymers have different photodegradative sensitivities to ultraviolet light at

different wavelengths, as shown in Table 2.4. The maximum sensitivity of several

polymers is in the range of 290 and 400 nm.
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Tables 2.4 Wavelength of ultraviolet radiation at which various polymers have

maximum sensitivity

Wavelength
Polymer kcal/mol
(nm)

Styrene — acrylonitrile co 290, 325 99, 88

Polycarbonate 295, 345 97, 83

Polyethylene 96

Polystyrene 90

Poly(vinyl ch 89

Polyester 88

Vinyl chloride 87,79

Polypropylene 71

2.6.4.1 Photo-oxid ig

The term ‘.weatheri g . 3S co chensive description of all possible
changes which mayloceur in p olymers upon outdoor exposure. It thus embraces not

ol

only changes in ’:\‘ t strength, etc.) but also
aesthetically undes‘ ble changes such as discoloration, loss of gloss. Although
moisture and humidity sean have secondary effects in weathering, the primary

e W ER BN R . i

oxidation, sme as has already b‘gen seen, the effect of light is pnmarlly on the

QUGN TN T TR

of thqradlcal chain reaction.

The nature of the initiating reaction in the photo-oxidation of polymers has
aroused considerable scientific controversy in recent years since ‘pure’ polymers do
not normally contain functional groups capable of acting as sensitizing species. For
example, pure hydrocarbons show no UV absorption in the spectral region found in

sunlight (i.e. > 285 nm) and yet all the commercial polymers photo-oxidize readily.
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It was noted that a variety of oxygen-containing groups are formed during the
processing of polymers even under nominally oxygen-free conditions, due to oxygen
dissolved in the polymer. By far the functional groups that are easily detected are the
group of carbonyl compounds absorbing in the IR in the region 1710-1735 cm’.

Some of these compounds have strong absorbance in the sun’s special region and

show characteristics luminescence asso¢iatgd with the excitation to the triplet state.

The triplet states of carbonyl e un €. chemically reactive species and

R\é—o + Re
-/

The alkyl radical gen as in reaction (III).
Polymers have to be pr. pplicable quantities of carbonyl
compounds appear sinc _ : 1 thermolysis or photolysis of
hydroperoxides. Pf)lymers WW ,{w iected to very severe processing in

order to produce e

e

¢hain photo-oxidise much

=

more rapidly than mild

iy
A pﬂ%éﬁsmyﬂa% @ﬁ%sﬂu@ﬂeﬁciem for ultraviolet

light. The eﬂited compound bo‘h decompose‘; into free radicals and initiates

) o/
degﬂaw ﬂ(@iﬁ)ﬂﬁiw w fE'Tﬂgs Wlmggﬂl polymer or
oxygen. A goo “sensitizer should be easily admixed with polymer~and must not

decompose thermally or in the dark. Examples of photosensitizer are polycyclic

2.6.4.2 Sensiﬁzation by Pigments

aromatic compounds, quinones, nitrogen containing chromophores, inorganic metal

oxides and salts such as zinc oxide (ZnO) and titanium dioxide (TiO,).



28

2.7 Titanium (IV) oxide, titanium dioxide (Ti0,) [10, 11]

Pigments are widely used in polymer materials to provide characteristics to
suit a particular commercial application. Inorganic and organic pigments are used
primarily to impart color to the polymer while others such as silica is used to impart

haze or act as an antiblocking age any cases pigments can have a marked

influence on the thermal and.photochemi llty of the polymer material . For
d/or » they can exhibit a protective
effect or alternativel hotoaetive. and. sensitize the photochemical

breakdown of the poly 9 the| most v 'a_,»._ used pigments in this regard is

‘ N tion of polymer systems has
received much attentiondin grn Jheighr hanis \

of the information originatesfron1 awork d ‘ot "\1 i05 in polymers, coatings

0X1(¢

havior. In this regard much

surrent mechanisms of the

1. The formation of,a sfer from photoexcited

o S

TiO; to molecula O¥YEER- 7 'scheme involves a process

of ion-annihilation tﬂo

'ﬂuﬂamsﬂsws 9

q AN AN &

(l) + H0 === {0 + HOe + HO%

atﬁks any unsaturation in the

RCH,=CHR' + '0, ——» RCH==CHCH(OOH)R'
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2. Formation of reactive hydroxyl radicals by electron transfer from water catalyzed

by photoexcited TiO,. The Ti*" ions are reoxidised back to Ti*" jons to start the cycle

over again.
(TiOg)hv
H,O > H + e'(Aqu) + HOe
Mi*] + e
T + o,

\ cts with the surface hydroxyl

are adsorbed on rfate 1 >. They generate active

groups to form a hydrg y A i ch are also produced which

perhydroxyl radicals.

7"4::'
S, [Ti“ﬁ....oz']adsorbed
[Ti*... O%adsérbed + H,0 —a=—> Ti*' + H,0

AUEANENINGINT

Ti0, e%ists in three morphglogical crystallme forms, modlgs’atlons anatase,
brodaewq a ﬁ)ﬂ stm ﬁ %Q?vmtﬂﬁ‘rﬂﬁe tetragonal
but ar¢ not isomorphous. They are also of different crystal habit; rutile forms
slender, prismatic crystals that are frequently twinned, but anatase usually occurs in
near regular octahedral. Structure of rutile and anatase are shown in Fig. 2.13. A

summary of the crystallographic properties of the three varieties is shown in Table
2.5.

Brookite is the least stable and has never been used commercially as a

pigment. Anatase and rutile exhibit different photo-activities when incorporated into
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a number of commercial polymers and coatings. Differences in the photo-activities
of the two modifications of titania depends markedly upon the manufacturing history
of the TiO,. Anatase is generally more photo-active than rutile type. During the
weathering of commercial polymers and coatings containing white pigments such as

TiO,, oxidation occurs at the surface layers of the material which eventually erodes

fa YA
sl b AL W) 113,
d
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Table 2.5 Crystallographic properties of anatase, brookite and rutile

Mineral Anatase Brookite Rutile
Crystalline tetragonal Orthorhombic tetragonal
Optically uniaxial, negative Biaxial, positive uniaxial,

positive

Density, g/ml 4.23
Hardness, Moh’s scale 6-6%
Unit cell Dyn'2TiO,
Dimensions, A

A 4.584

B E

C 2953

2.8 Literature Review |

Cho and Choi [13] inv¢ .":'f»" }*.. lid=phase photocatalytic degradation of
poly(vinyl chloride} (PVC)-TiO, composite film wunder the ambient air. TiO,-
embeded PVC show: — : -?\’
film for 300 hours uﬂr air reduced weight by two-thirds and
weight by 27%. The SEM, images of thegirradiated composite films showed the

ool oo LR g i

oxygen spec1 which were photo‘generated on T102 surface desorb and diffuse

YRR I MINLIA Y

Chen and coworkers [14] investigated titanium dioxide mediated photo-

adiating the composite

average molecu

catalytic degradation of polyvinyl alcohol (PVA) under UV lamps. The results
indicated that the optimum dosage of TiO; in the photo-degradation of PVA was 2.0
g/l. For extremely few of TiO,, the degradation rates were lower because that the
limiting factor for the low rate was the lack of required amount of the catalyst. In
superfluous TiO,. the UV was diffused by TiO, particles. The results also indicated

that it was more effective for PVA to be degraded under acidic or alkaline condition.
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Under different pH conditions, the main pathways of producing hydroxyl radical are
probably different, therefore. producing rate of hydroxyl radical are different. As
well as TiO, concentration, there was an optimum peroxide concentration on the rate

of PVA destruction.

nano and micron particle gra

Allen and coworkers [10] studied thermal and photochemical activities of
. ile T10, in monomodal metallocene

TiO, with the anataSc foafi wasfrdore active. SEM ¢ showed the formation of

pits and holes formed as 3 . 0 i : fon e polymer at the particle

protection of TiO, on ph6tod 'a-ﬁ of p ' yl chloride) with and without
moisture. M01sturle or wa&_g_;@i eleralor to oxidation reaction because the
surface of TiO, cai iydroxyl re, more active oxidizing

i ’ :

Allen and gltami [11] studied the degradation of linear low density
LY - . .

polyethylen lﬂ mirv]s (Ylj ﬁﬁm At 90°C and under

ultraviolet lql, fgments’ ( uﬂ, tase) xidative degradation catalysts.

Oxidative catalytic property of pigment was enlianced at waveléngth of 365 nm.

ol S D Gy i dob B D e

stabilae the polymer.

Angulo—Sanchez, Ortega—Ortiz and Sanchez-Valdes [16] reported the
photodegradation of low—density polyethylene (LDPE) films formulated with

titanium (IV) oxide acetylacetonate (TAc) and titanium dioxide pigment (TiO,).

Number—average molecular weight (Hn ) of LDPE with TAc decreased rapidly at
short ultraviolet exposure with a tendency to level off later. LDPE with TiO;
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behaved in a similar way but showed higher values of M , for the same exposure
time. Molecular weight results suggested that there was some chain recombination at
short exposure time. Elongation at break decreased when the time of ultraviolet

exposure increased.

d, the degradation of natural rubber latex
p ples were exposed to ultraviolet
éﬂ 96 hours. Tenstle strength of
thread samples decreasr_ V ex] cr ased. The tensile strength of
the thread havi" dithiocat (ZDEC) and zinc

mercaptobenzothiazole (ZMBT) ¢ ination 1 an the thread having zinc
p ,A n g

Kurian and coworkers [17] s

radiation in the region 0£.2

degradation of natural rubber

ew nut shell liquid. Thermal

degradation of natural rubber '@g 200-475°C. Degradation of natural rubber
in air showed the two—stage de ecofi 1posit on: The first stage of degradation occurred

in the temperaturg-tange of 300-420 °C. Ti geroccurred in temperature

range of 460-560%€-Under nitroger degradation occurred only in

B YA s

rubber. Therefiwere better degradatmn results for natural rubber which was purified

A B K P MR

microgels, which retard the oxidative degradation in the system. It was found that
the radical initiator K,S,0s, propanol and the temperature played important roles in

the degradation .

Riyajan and coworkers [20] studied controlled photodegradation of natural
rubber glove by encapsulated benzophenone (BP) and 2,6-di-t-butyl-p-cresol toluene
(BHT). The efficiency of controlling photodegradation was improved by
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encapsulated BP or BHT/BP. It was clearly observed that the photodegradation of
NR in the presence of BP was faster than that of BHT/BP. It was found that the
optimum ratio of BP:BHT for both raw and cured NRs was 1:2. It can be explained
that BP accelerated photodegradation of NR films, while BHT retarded the
degradation. In the case of cured NR, the encapsulated BHT/BP can effectively
control the photodegradation bette " tha ' ncapsulated BHT/BP, especially, at

the initial stage.

AULINENTNEINS
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