CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Natural Rubber
It has been estima ed ™t me fitferent plant spices yield polymer
akin to natural rubber andstharrabber &f sorteHave™Been obtained from some 500 of

bermof.commerce is obtained from

them. To all intents an ‘ \\\ \

the latex of Hevea br: y grown on plantations in

Bl

al qubber has grown steadily since

tropical Africa and
World War II. The S Ar.{fi' ”..‘» i \w or about 80% of the total
production. The conversi into products is accomplished in many

different ways [1].
2.1.1 The¥ semical
V.

The empirical f61 ula for the natural rubber (NRY molecule appears to have

been first detﬂ ﬁ ﬂ ﬁ ﬂ Eﬂ%ﬁtwg ﬁ'Tﬂ ?826 He concluded

that carbon and®lydrogen were the %ply elements resent and his results correspond
to theQrw ']:a;ﬂ‘ﬂ ‘Ew'%w ’%i’gs% E}:c}ia \Bch contains
assocxate% non-rubber material. Subsequent studies with highly purified materials
have confirmed Faraday’s conclusion [1]. Isoprene was found to have the formula

CsHs, for which Tilden proposed the structure.
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The linear structt d the possibility of structural

isomer with both cis- and the natural rubber molecule

"; -"'a.\:\
is not a pure cis-1,4 j ’ \1‘\\. ; ns very small amounts of
A
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* bno \\- groups, such as aldehyde

\

BC-.NMR spectroscopy di o-ﬁa‘f--éf "i-j er ‘molecule contains about two to

functional groups in

groups [4], ester or lacto O, 7]. Structural studies using

. . " Y i . .
three trans isoprene units [8 .q‘-r w ture characterization of natural
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rubber was 1nvest1 VIR HENMRS I.F" opies [9, 10]. From the

relative intensity of t :' signal and“the“de ol poly ' ization of highly purified

natural rubber, the numterdf trans i - att ting terminal of the
rubber molecﬂ;su ﬂag ﬂﬂgﬂfﬁﬁﬂ t ?:re of natural rubber
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The chemical cg ; ot tresh Hevealatex is complex when compared
to synthetic latex. Thigfs | resh Hevea : Nsa cycloplasm. It has been
aains, in addition to rubber

known for a long ti

ents (many proteinous and

hydrocarbon, a large nub

resinous substances, carbo atter, water, efc.) present in

relatively small amoynts. d in ghe aqueous serum of the

o
o
!

latex, others are ad y‘;_ pé o les and the non-rubber

particles suspended i «! tex [4]. The typical compositio “of natural rubber and fresh
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Table 2.1 Typical composition of fresh Hevea latex [10].

Ingredient Average value (% w/w)

Total solid content 36.0
Dry rubber 33.0
Proteinous substance 1.0-1.5
Resinous substance 1.0-2.5
Carbohydrates 1.0
Inorganic matter Upto 1.0

2.1.3  Physical Pfop

Physical properties of n3 ----;---::: Q) slightly be due to the non-rubber

r "} it _l‘

constituents present apdafe : Yai Jthe natural rubber is held
below 10°C, crystalliZatie i I of density from 0.92 to

about 0.95. The average ‘;nolecular weight can range from 200,000-500,000. Some
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Table 2.2 Some physical properties of natural rubber [11].

Properties Value
Density 0.92
Refractive index (20°C) A\ 1.52
Coefficient of cubical expanSion. - | {é 0.00062/°C
: , -‘
Cohesive energy density 63.7 cal./fc.c.
Heat of combustion N \\\ 0,700 cal/g.

Thermal conductivi

Dielectric constant 2.37

Power factor (1,000 ¢ 0.15-0.2

Volume resistivity 10" ohms/c.c.

Dielectric strength 1,000 volts/mm?

V5

2.1.4 Natura Il ubber in Manufacturing

e B 9 BRTIVRINA Tore o s o

rubber in the world The Rubber Wlanufactures gdssociation hasga further set of

standarﬂ Mqula ﬂim ﬁ.m 11@“& :lflbﬂ ﬂl @ Hm in Table

2.3:
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Table 2.3 International natural rubber type and grade specification [12].

Type Natural rubber Description
1 Ribbed smoked sheet Coagulated sheet, dried and smoked latex.
ive grades available.(RSS1-5)
2 White and pale ated natural liquid latex milled to
3 Estate brg nd other high-quality scrap
plantatlon
4 apes and smoked sheet
i ed into a crepe.
5 Thin brog repc = r HEnsmoke eet, wet slab, lump and other
>states and small holding.
6 Thick blanke ' 1mp and unsmoked sheet
.y:.i P
7 Flatﬁrk epe §70T sc fw» natural rubber including
earth scrap.
8 SIK ) ) nderived exclusively
il ¢ | from ribbed smoked sheeg, »
a) Smoke Sheet [10]

The largest single type of dry rubber is the ribbed smoked sheet

(RSS), and recently air dried sheet. Field latex is strained into large bulking and

blending tanks, diluted with an equal volume of water to a dry rubber content of
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15 %, then coagulated. To 1,000 parts of the diluted latex, 50 parts of a 1% formic
acid solution are added. Acetic acid can also be used. The process is to treat the latex
in aluminum tanks and slotted for partitions. The coagulum is then passed as
separate sheets or a continuous slab through a series of squeeze and wash rolls at

even speed, with continuous water §

A ﬁer going through the five or six rolls
set progressively tighter. ber Had | BCs ‘ squeezed down to the control
thickness. The charactes- ""5 terf] is émbessed primarily for increased surface
area for drying. The Le€ls f D !§\~\'{\§\ ~house. The temperature
ranges from about 50460°@" "’ "‘ : " \\\\ bout 3-4 days. Finally, the

rubber is baled for shifping tq f‘r?

il
=
A % i
BDE ;
. ;

STR is the name of typ ---------- #8Bber that are produced in Thailand. The

processing materials & OWnda Table 2.4.
(7 R
¢ Lump and Scraf i)

o A48 5 P W AR Gor e ot

coagulated in dgferent manner suchgas in the tapE'Lng cup or otheuuitable vessels,

o oo O]9 S bl 3 R o s

field coagulum, scrap or mixture with contain certain proportion of each of them

according to the STR grade intended to process.



12

Table 2.4 Processing materials of STR Grades.

Grade Processing Materials

STR XL, STR5L Whole field latex bulked and formic acid

coagulated under strictly controlled conditions.

STRS 7 ‘ Vi resh coagulum or unsmoked sheet
S of them subjected to further
W processing.
STR10, ST v ( als based on USS, lump,
478 e epe or mixture.
* [ ¥
._“.I'u‘.i_

2.2 Reinforcement of Nafural Ru

a) Reinforcement [1] .~ )

Reinforceménth ' t from two or more
structural elements C ecfrénical characteristics and
whereby the strength of gne.c of these elemetitsls 1mpaned to the combined with the

e of vorafl] QNN T ING s e o |

shaping into the re ulred form of firfél article and €abilization of thid shape within a
reasonaew:] %ﬂim u)mqolmzﬂ :Jaﬂfglmcrete with

embeded steel rods or cable where the high tensile strength of the steel is imparted to

the concrete to give it increased flexural and impact strength. The best definition
may be: A reinforcing filler improves the modulus properties (tensile strength, tear

resistance, and abrasion resistance) of the final vulcanizate.
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b) Basic Factors Influencing Elastomer Reinforcement

There is an improvement of modulus and tensile strength. This is very much
dependent on the particle size of the filler; small particles have a much greater effect

than coarse ones. Particle size is directly related to the reciprocal of surface area per

The reduction i lutiqn effect, general to all

fillers, merely due to \ ymer in the composite. If

\\\\ ere 1S not enough rubber

proaches zero. Before this

the volume percenta

stage of loading is reache e stompot attaing a level of stiffness where it
becomes brittle and, at the no natratc-ofte8ling (e.g. 50 cm per minute) such a

brittle compound wotld - stre _; rate of stretching, the

decline in strength ~y;'; S’ r.': :
iy

vs loadmg curve are rate dependent. The maximum occurs

eight and place of the
maximum in the streng

s e o YRGB PRI Be masimum s as

dependent on thg'lpartlcle size of the filler.

ARIAINIUUNIINYA Y

¢)jThe Reinforcement Mechanism

A very schematic picture of a slippage process when stress is applied to a
polymer reinforced with carbon black is drawn in Figure 2.3. Three chains of
different lengths between two carbon black particles in the direction of stress are

displayed. As the stretching process proceeds from stage 1, the first chain slips at the
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points of connection A and A’ until chain 2 is also stretched between B and B’ (stage
2). Elongation continues until finally a stage 3 is reached in which all three chains
are stretched to their maximum and share the imposed load. The homogenous stress

distribution causes a high improvement in strength. In stage 4 the tension is relieved

and the test piece has retracted.

CTHAINS fULLYS

Figure 2.3 Molecdlgsslippage model @ffreinforcement mechanism.

AUEITNENINE NS
R Iy

many apqh ations especially tire industries due to its effective reinforcement and
low cost. However, silica is a more appropriate filler where colorless material is
desirable. Adverse mechanical properties of silica-filled natural rubber are often
problematic due to poor adhesion between natural rubber matrix and polar silanol
groups on silica surface. Several approaches have been used to promote adhesion by

lowering interfacial energy at the interfaces including chemical modification of
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natural rubber by oxidation or grafting of polar monomers to increase rubber
polarity. Abdel- Bary and coworkers studied graft copolymerization of waste rubber
powder with different polar monomers such as acrylic acid, acrylonitrile and

acrylamide using different gamma radiation induced grafting conditions. The effects

pncentration, radiation dose, inhibitor

concentration and type of teaction SOlve ﬂﬁraft yield were studied. It was

found that the maximurr-l org ' btain 1890 ‘» o and 42% for acrylic acid,
acrylamide and acrylos ed"rubber powder obtained was
also tested an ion exela gpper andilead, Thus. 1t is interesting to evaluate
the grafted was rubb anger [14]. Pastor-Blas and
coworkers studied the*effgltiyenesszof | mprovement of adhesion of synthetic
vulcanized styrene-butadien S sing oxygen plasma, which was
ascribed to an increase in wet F"ﬁ e ion of surface roughness and some
oxidation of the _».‘:-.--..-.-—-—-—;--------z-: -------- —=Coworkers studied graft

L o

copolymerization o o. '.,'JI methacrylic acid by

photoinitiated polymenz%ngl‘ The grafted Cil}i worked as impact modified in epoxy

s 1) VI G A DT i

effectively. Such the presence of feactive carbéxy groups _on ®drface of GTR,
provid@tﬂp’;]salig- t-l] jvm ulmer\]/l’tg I]a r‘(:l;ﬁdﬂng blending

process [16].

Surface treatment of silica filler can also be used to improve silica-polymer
matrix compatibility by introducing hydrophobic moieties. O’Haver and coworkers

studied polymerization of various monomers such as 1,3-butadiene with vinyl
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acetate, acrylonitrile, 4-methoxystyrene, 4-chlorostyrene and methyl methacrylate
solubilized in adsorbed surfactant bilayer on the silica surface. It was found that 4-
methoxystyrene/butadiene modification afforded the most promising candidate based

on an evaluation of a silica-filled natural/styrene-butadiene rubber. Moreover,

11,

' etween rubber matrix and
silica is to generate interfa ] ding by'adding silane coupling reagents
during the curing proggSs. 4P and= co ) tudied crosslinking between
natural rubber and silicaffb & bis{2 A §sil¥i-propyl) tetrasulfide and 3-
mercapto-propyltrimethoxgsi e f" }, 'nts. Solid-state '>C NMR
was utilized in analysis of ca-filled natural rubber. Hewitt
and coworkers discovered th ilane coupling reagent on silica

. -
was found necessar THTOTT Ided improved crosslinking

|

density. It was also foﬂd that a , S1yCols and solublé zinc compounds interfere
with the silane-»'l' g s pre-added to the
silica the prob@lﬁ cjnﬁna:ﬂn as reg[/jﬁiemdes Manna and
coworka mﬁﬁlﬂfﬁw (ﬁﬁqﬁ%lﬂﬂqeﬁdﬁmmopropyl
trlmetho silane monohydrogen chloride) in bonding between precipitated silica
and epoxidized natural rubber(ENR). Fourier transform infrared spectroscopic data
showed that silica is bond to ENR through formation of Si-O-C bond, where as in

the presence of silane coupling agent, silica is bonded to the coupling agent through

Si-O-Si bond and ENR is bond to the coupling agent through C-N-C bond formation.
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Results from the studies of physical properties and rheology reveal that precipitated
silica interacts chemically with ENR during high temperature (180°C) molding. It
has also been reported that an addition of silane coupling agent increases the

crosslink density [20].

For the research repe: g d//ltemative approach to increase
reinforcement between nattrak-iul an éorming chemical bonding of
vinyl-containing silicé eric composition of natural

ce properties of inorganic

rubber. The use of si
materials in both researgh and (& & cen wellestablished [21]. Reaction of

porous silica and sing with monofunctional silanes

having wide range of al > X = halogen, OR, OH, NH,

or OSO,CFs) were reporte odified silica with one reacted

with di- and tri-functional s ively explored and documented.

To introduce vinyl a; )S-On matey W&l modifications possible.

Vinyl-terminated al@sxlane Nono were pre red by adsorption of

V] *ﬂW‘%’W #N 7

Fadeev qgnd coworkers studied reactiongmof monofunctiggal silanes with
smglteﬂﬂﬁﬁLﬂcjw \uemt’o.] ;gpﬂ &l}q ﬁ ﬂaoes whose
structures and wettabilities were controlled by the alkyl groups. It was found that
wettabilities and roughness were dependent on types of alkyl groups on modified
surfaces. The highest carbon content on the surface as well as the highest contact

angle were obtained using vapor phase reaction [24].



18

< Ry ] Ry
gFon + X—?i—R2—>§—O—?i —R,
z R3 = R3

Rl’ R2 or R3 = CH3 or J

rubber interfaces becadS iniiat surface itive techniques and the
inaccessability of cured®r . Tt vt e his iculty, silicon dioxide flat
surface was chosen as a* ‘ sttica While lalene was selected as oligomeric

model for polyisoprene, the Mata—polyn composition of natural rubber by

ATIAN YU ININY

9

(a) (b)

Figure 2.4 Structure: (a) squalene (b) squalane.
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Tasi and coworkers studied chemical reactions between squalene which is a
model system of natural rubber and plasma polymerized acetylene films on steel
substrates. The crosslinking between vinyl groups of acetylene film on steel with

squalene in the presence of carbom blagky zinc oxide, sulfur, stearic acid, cobalt

WoAwd_jollowed by using secondary ion
d

mass spectrometry (SIM X eelion_spectroscopy (XPS). The results

ed more effectively at

ene & ed steel interface [25].

A

ey

Scorch is premature j;}?;,_ Bwhich the stock becomes partly
aly for vulcanization. It
)

reduces the plastic pro pertics of the ind's6"that it€an no longer be processed.
f

Scorching is result of boi ghe temperature rgached during processing and amount of

time the compﬂ“xu ﬂﬂa‘ﬂ ﬂnﬁmﬂﬂ:ﬂ nsiﬁod of time before
RSt e s

stock, it i§ imp ulcanization dose not start until processing is complete.

Rate of Cure is the rate at which crosslinking and the development of the
stiffness (modulus) of the compound occur after the scorch point. As the compound
is heated past the scorch point, the properties of the compound change from a soft to

a tough elastic material required for use. During the curing step crosslinks are
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introduced, which connect the long polymer chains of the rubber together. As more
crosslinks are introduced, the polymer chains become more firmly connected and the
stiffness or modulus of the compound increases. The rate of cure is an important
vulcanization parameter since it in part determines the time the compound must be

State of Cure If “oeneial ate 4ﬁ a term used to indicate the

cured, i.e., “the cure time”.

development of propeé

70 .« bbe -, Ufesprogresses. As the cfosslinking or
/ N
e ofe of /

cure”. Téchnically, the 4 o' 1 tantState s\ thi ¢alled “optimum”. Since all

vulcanization proceeds ncreases to various “states of

properties imparted by willlcafiiZ8tions OM0L occur at the same level of cure, the state

of optimizing may not beghe
F e

Cure Time Cure time 157 ired during the vulcanization step for

the compounded r bDg

Vi

Overcure A :! w s Ie an optimumiis an “overcure”. Overcures

may be of two types. Infoment pe the stockddontinues )]Iﬁ the modulus rises,
and tensile aq uﬂlg ﬂ Yl? n cl iost natural rubber
Compcﬁdwwi a Qﬂ Wﬂ:ﬁ ﬂm(ﬂlﬂ ﬂ Ellsﬂe strength

decreaseq
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2.4 Cure Meters

Instead of curing each test compound at separate ranges of temperatures and
making separate tensile tests, many laboratories use a cure meter, of which several

types have been developed. Using this instrument, modules change is monitored

2.4.1 Rheom iely.used cure meter is rheometer, in which
the specimen is con , : under a positive pressure and
maintained at an eleva A . isk;"embedded in the specimen,
1 , corded force is proportional
i ‘J'.J' ‘, ‘J )
to the shear modulus of the rubber=2 """“’-‘. pe of a typical cure curve is given in
Figure 2.6. The mi 1 i nax 3 ,J,‘ ), scorch time (z,;) and
time to 90% cure (7¢90) -t‘ C initial viscosity at zero

u|

time, minimum v1scos1 and reversion (tlme after Mpr to reach 98% of Myr).

Many ﬂsuﬂ ’J mrﬂ niw lﬂ ] ﬂjd as well as of the
“““Wﬁ%\ S IRTU R MION LR b

instrument produces a shear rate which is uniform over the rotor surface. For
instruments such as the Mooney viscometer, which use a flat disk, the shearing rate

is near zero at the central shaft and a maximum at the disk periphery.
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Figure 2.5 Envelopgl®
2.4.2 Rotating D

The shearing action is *peHonned disk rotating in shallow cylindrical

cavity filled with the foure 2.6. The rubber is

-
)

squeezed into the cavift c d ace of the disk and the

=t . . i¥ . .
dies which form the ca¥ity are grooved to avoid slippage.”"The test specimen consists

s BIHMBNFNLINT
RIAATUAMINYAE
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UPPER DIE

Physical testing of

and measurement ol ; :

plication of a force to specimen
.-“d' a deformation and

measurement of the req | ired fOrCe. . modes deformation, tensile and
shear are shown ur! 5. Stre ﬁ ﬁ ﬁsectlonal area (F/A
for either tensi ﬁlo Iﬂ EIwSra hgj ormatlon per unit original
length Wﬂﬁﬂﬁman@wwﬁlﬂ contacting

surfaces ifj shear tests. Stress is usually expressed in unit of newton per square meter

(N/m”).
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TENSILE LOADED
NO LOAD

A "‘T"""’—_"’"""T""7F
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v 2

Tear test result§ gre strong ¢ typejof specimen used, the rate
L

of tearing, and the tefhpgrature. The mgthod is useful only for laboratory

comparisons %uﬂogamiﬂmfﬁ wﬂ]ﬂﬁms except when
RS I

Neverthaedess, many such tests are run, perhaps because they seem to be logical
extensions of the hand tear evaluation which was so useful to the old-time

compounder.

Three types of tear specimens are classified by Buist : indirect tearing as in

the trousers specimen (Figure 2.8), tearing perpendicular to the direction of
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stretching as in the ASTM methods, and tearing in the direction of stretching as in
the Russian test piece. Except in the ASTM Die C specimen nicks of prescribed

lengths are cut into the region of desired stress concentration.

Rate of stretching in the ASTM method is 20 inches per minute. An increase

\ ter f /y for SBR rubbers but give a more

complicated effect in na, ubb tion at least of tire wear is a

in rate would normally decrea Se

result of high speed teaf} d for evaluation of abrasion

resistance.

<

dF |

gure 2.8 Types of@ear specimens.

ﬂuaqwﬂﬂswawnﬁ
ARAAIN UM INYIAE

Hardness, as applied to rubber, may be defined as the resistance to
indentation under conditions which do not puncture the rubber. Different instruments
designed to measure hardness do not usually agree well with each other for any of

several reason: defination of scale end points, shape and size of indentor point , total
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load applied, rate and time of load application. Hardness is a property of rubber
which must be expressed in terms of instrument parameters rather than basic units. A
high modulus rubber is, of course, also hard, but the relationship is not easy to

quantify.

The spring-loaded pocket | gtgr 48 the most common instrument for

measuring hardness of elastemeis. The éer in particular is known and

used world-wide. In th ero hardness for a liquid to

7S
100 for a hard plane sugfiCe # gliss }"\-‘ pe. £

i durometer is used for soft
w\\ durometer, having a different

stocks, up to a reading
indentor shape and diffe \\ . One reason for the popularity
of this instrument is its pOrtabil d c daptability to fairly irregular

N

surfaces. Difficulties arise . bility of results by different

operators.

2.6 Surface Characterization

F'TUEI’WIW]TWEJ']ﬂ‘i

2.6.1 X-f4 y Photoelectron Sgectroscopy PS)

% echn@e which™ is odten refern ’!’ta as Electron Spectroscopy for

Chemical Analysis (ESCA), is generally regarded as an important technique for
polymer surface characterization. The quantitative technique can provide atomic
composition of a surface with a sampling depth on the order of 10-20 A depending

on the sample and instrumental conditions.
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The basic principle of XPS involves the photoelectric effect. The analysis is
accomplished by irradiating a sample with monoenergetic soft x-rays and analyzing
the energy of the electrons emitted. An elemental analysis can be obtained due to the

unique set of core electrons for each element. The number of electrons emitted are

counted as a function of their enére Juaptitative information can be calculated

ained from samples with known

J
composition. The photon engig gredter thamsihic binding energy of the electron in
the atom, and the el -jeClel/irom) the have a kinetic energy (Ey)

7 A \

energy and the binding

from peak areas and atomie.s

approximately equal«@

energy (Ey). Therefo

Where h is Planck’s constan i_,,_r,; e and is the spectrometer work

function. All ener' S _are_usually ex; ,..m;h_:'._.::_..:.:.“.:,.: ts (eV). Note that the
e Y
result reported in this ﬁr ar pIC Charging.
| .I.”

B 110 (R N —

microns deep 11ib the sample, the electrons generated at depth have relatively low
kmetlda'an mﬂ w ”%ﬂg Wﬁ‘},a Elnatter Only
those elestrons emerging from a certain depth (10-200 A) without losing their kinetic
energy from inelastic collisions comprise the main photoelectron peaks. Common
anode material used as X-rays sources are magnesium, aluminum, titanium whose
Kax-rays have energies of 1254, 1487, 4510 and 5417 eV, respectively. Although the

titanium and chromium x-rays have higher energies that can eject electrons in deeper
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core shells and can provide information in deeper sampling region, magnesium and

aluminum anodes are preferable due to their narrow line widths and lower tendency

to damage samples.

Practical surfaces are rarely uniform and homogeneous in composition and

structure. The surface often ce is thus very useful. This can be

te ﬁlérying the take-off angle (61)

accomplished by the varibie

between the detector 4 these clectrof travel from similar vertical depths
with different distance hgf6 mall 07 , a smaller depth is

sampled than at high 014 hes ahance at low Or.

p L= m e e — '
: )
|

I ]
"B TN IR
ARIAINTUUNIINYIA

2%.2 Contact Angle

Contact angle is considered one of the most surface-sensitive techniques and
can provide information on outermost few angstroms of solids. The equipment

required is relatively simple and inexpensive. The basis of the contact angle
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technique is the three-phase equilibrium at the contact point at the solid/liquid/vapor

interface (Figure 2.10).

ee-phase equilibrium.

The contact an atedyo the'siufface ergy of the solid and the

, ‘x\
liquid surface tension ing b8 A% \ ation is based on the energy
balance approach to the ."Bhe'€osine contact angle (cos0) is

directly related to the surface eferey-by-Ye S equation , where ¥*' , " and y" are

the surface of the solig-ve 1 ces, respectively.

R

| L L T )

oo ST BT W BN st o e

assumptions tha?lpredict only one ingtinsic cbntacggpgle (60) regardless of how that
angle aq w;l:]ea ﬂnsjmuﬂ H] qeﬂﬂ Is]raeﬂ rigid and
nondeformable (surface modulus> 3.5 x 10° dynes/cmz), (2) the solid surface is
highly smooth, (3) the solid surface is chemically homogenous, (4) the solid surface
does not interact in any way with the liquid other than the three-phase equilibrium

(i.e. swelling), (5) the surface functional groups do not reorganize in response to
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change in the environment during the measurement and (6) the liquid must not cause

extraction or partitioning of material from the solid phase to the liquid phase.

In practice, some of these assumption are generally not valid and the

observed contact angles depend on the way they are obtained. Generally, two

contract angle values are measure (seel Flgly .11). The advancing contact angle
(64) can be measured as th soliddiquidico increases. The receding contact

angle (Og) can be measlred as#he iquid contact.area decreases.

Y ¥
Figure 2.11 Mézs € contact angles (04/6g).

A |

ﬂuﬁﬁwﬂﬂ§Wﬂﬂni

2.6.3Ell sometry

ﬂﬂ’]ﬂ\‘lﬂ‘iﬁu UNINYAY

Ipsometry 1s a sensitive optical technique for determining properties of
surfaces and thin films. If linearly polarized light of a known orientation is reflected
at oblique incidence from a surface then the reflected light is elliptically polarized.
The shape and orientation of the ellipse depend on the angle of incidence, the
direction of the polarization of the incident light, and the reflection properties of the

surface. Ellipsometry measures the polarization of the reflected light with a quarter-
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wave plate followed by an analyzer; the orientations of the quarter-wave plate and
the analyzer are varied until no light passes though the analyzer. From these
orientations and the direction of polarization of incident light are expressed as the

relative phase change, A , and the relative amplitude change, ¥, introduced by

Figure 2.12 Schematic of the geometry of an ellipsometry experiment.



	Chapter II Theoretical and Literature Review
	2.1 Natural Rubber
	2.2 Reinforcement of Natural Rubber
	2.3 Descriptions of Curing Parameters
	2.4 Cure Meters
	2.5 Test for Mechanical Properties
	2.6 Surface Characterization


