CHAPTER II

THEORY AND LITERATURE REVIEW

Rubber has been us . i .American Indians. They most
probably were the peo ilky fluid that circulates in

the inner portions of ny- i tropical trees and shrubs) is

However, it was not until the 1830s when John Haskins and Edward Chaffee

conse e RV TV i e commeri

rubber industry really began to flourish. At the timesrubber had méany weaknesses. It
soﬂened%tﬁe:t] ﬁ ﬁrﬂj m cgfl,m:vl’acm ﬂoﬂ:@axg‘lperishable. In
1834 the German chemist Friedrich Ludersdorf and the American chemist Nathaniel
Hayward discovered that the addition of sulphur to gum rubber lessened or eliminated
the stickiness of finished rubber goods. In 1839, the American inventor, Charles
Goodyear, using the findings of the two chemists, discovered that cooking rubber with

sulfur removed the gum's unfavourable properties, in a process called vulcanization.



Vulcanized rubber has increased strength and elasticity and greater resistance
to changes in temperature than unvulcanized rubber; it is impermeable to gases, and
resistant to abrasion, chemical action, heat, and electricity. Vulcanized rubber also
exhibits high frictional resistance on dry surfaces and low frictional resistance on

water-wet surfaces. The vulcanization process remains fundamentally the same as it

was in 1839. /
With the invention of t \§ é"&u and the pneumatic rubber tyre,
demand for rubber grew ra pidiy-BY1 00 o; 0 tons were used each year.

Today the world’s natur tons per annum. The economic

These methods have progn pai_rticu arly successful on Asﬂn estates where over 90%

of the world’s suﬁlﬁ E{l ﬁuﬂ gmsw E]gej dejc

With im roved productivity and better processin th ntrols, much
better qu;% ﬁf] @sq‘eniy ﬁ;l;g El\ é:e possible the
development of standard rubbers to meet specifications on a number of properties
including dirt & ash content, viscosity, and copper & manganese content. A number
of modified forms of natural rubber have been developed to suit particular conditions

including the following; superior processing, oil extended, special tyre rubber,

deproteinized and chemically modified. Despite synthetic rubber having the larger



share (over 75%) of the worldwide rubber market, natural rubber continues to have

high demand, due to its better elasticity, resilience and heat transfer properties.

2.2 Natural Rubber

It has been estimated that som ‘
to natural rubber and that rubbﬁ [ “hav

To all intents and purposes

ifferent plant spices yield polymer akin

btained from some 500 of them.
T—

erce is obtained from the latex
of Hevea brasilliensis, on plantations in tropical
own steadily since World

% of the total production.

The conversion of natural into 1 acts i omplished in many different
ways [1].
Natural rubber fresn latﬂg.xs*g,id' persion of rubber particles and non-rubber

)

particles in an m’,—— --------- Apart from the T ibber hydrocarbon, a large

number of non-rubber co chtltuen 3 ohyd@es, lipids and proteins) are

also present in FT lﬁ‘ cgj; E! associated with the
rubber particles themselves. The rubber particles of the fresh latex are packaged with
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(mainly pr%tems and phospholipids) which are believed to be at the particle- serum

interface in the form of interfacial film or membrane [6].
2.2.1 The Chemical Formula of Natural Rubber

The empirical formula for the natural rubber (NR) molecule appears to have

been first determined by Faraday who reported his finding in 1826. He concluded that



carbon and hydrogen were the only elements present and his results correspond to the
formula CsHs. This result was obtained using a product: which contains associated
non-rubber material. Subsequent studies with highly purified materials have

confirmed Faraday’s conclusion [1].

Isoprene was found to have the formula CsHg, for which Tilden proposed the

structure.
Mo
The linear struc sed.-b ded for the possibility of
structural isomer with both cis-fand tr2;
Chemical and spectrosqgﬁq?g_g_&y e the presence of non-rubber

that these non-rubber co@ituen x. or outs@ding properties of natural

. fa Y
AUBINENINEING
In fact, the ?llatural rubber molecule is not a pure cis-1,4 polyisoprene. Besides,
it contaixavﬂ ’sla ﬁxmtjmrilom /;;lnﬂ&ahﬂ termed as
abnormal g:)ups, such as aldehyde groups [7], ester or lactone group[8], and epoxides
[9, 10]. Structural studies using *C-NMR spectroscopy disclosed that the rubber
molecule contains about two to three frans isoprene units [11]. Recently, detailed

structure characterization of natural rubber was investigated by means of *C-NMR

and "H-NMR spectroscopies [11, 12]. From the relative intensity of the signal and the



degree of polymerization of highly purified natural rubber, the number of trans
isoprene existing at the initiating terminal of the rubber molecule is estimated to be
two. Accordingly, the structure of natural rubber is assumed to be as shown in Figure

2.2,

The chemical compe omplex when compared to

synthetic latex. This is be oy asm. It has been known

for a long time that freE Hevea latex contains in additﬂn to rubber hydrocarbon, a

large number Oﬁﬂxﬁr’?ﬂrﬂ%@Wﬁﬁwﬂﬁ resinous substances,

carbohydrates, m%l'gamc matter, water, etc.) present in relatlveb small amounts.

Many oﬂeﬂ%@ﬂiﬁlﬁ%ﬁgtxﬁl&fl@sae adsorbed at

the surface of the rubber particles and the non-rubber particles suspended in latex [7].

The typical composition of natural rubber and fresh latex is shown in Table

el



Table 2.1 Typical composition of fresh Hevea latex [13]

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 7 7L ‘ Upto 1.0

Water Add.to 100

A typical particulate comiposition of f atexis as follows:

V.
a) Rubber Pa ge

In fresh lﬁ(ﬁbﬁ Wyﬂﬁwzj .{Txﬂaﬁme of the latex. The

rubber particles injfresh latex are protected by complex film contalmng proteins and

e TR GARE F RN DI AR e

contained i 1n the particles, is non water-soluble and occurs as molecular aggregates.
The rubber particles are usually spherical with diameters ranging from about 0.02 pm
to 1 um, but in a latex from certain mature clones the larger particles may be pear

shaped.
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b) Lutoids

The most abundant non-rubber particles are the lu‘toids. They cdmprises 10-
20% (volume) of the whole latex and contain about 12% solids. The lutoids are
spherical membrane-bounded bodies typically 2-5 pum in diameter and enclosed by
a membrane which is very rich in phosphatidic acid and may explain their negative
surface charge. Inside the lutoid is an aq solution (often call “B-serum”) which
contains dissolved substances. such \ W ral salts, proteins, sugars and

ensitive and the addition of

polyphenol oxidase. The intz
water causes them to marked increase in the

viscosity of the latex [1

presence of carotenoid piﬁnen

ﬂuﬂQﬂﬂﬂ§WBWﬂﬁ
W‘Tﬁ&ﬁ*‘i’mumwmaa

The non-rubber components (excluding water) in fresh latex are mainly
proteins, lipids, quebrachitol and inorganic salts, but as would be expected from the
cytoplasmic nature of latex, a large number of other substances are present in small

amounts.
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a) Proteins

The total protein content of fresh latex is approximately 1-1.5% of which
about 20% adsorbed on the rubber particles and a similar proportion is associated with
the bottom fraction. The remainder is dissolved in the serum phase. The adsorbed

proteins. together with adsorbed lipids, impart colloidal stability to the latex and

the latex is coagulated by acid during

&b About half of the serum and

remain associated with the rubber p%

the manufacture of dry rubbe

may be divided into e .,_-v_:,.:_:_;_:..:__..;_);_-._-.; ...... atex the polar lipids are the

s but un&raded phospholipids are
not. The total lipi ?jﬁ ﬁﬁ h vﬁﬂw e t ary.from 1.4-32 %
(on dry rubber yT latex) e amount of phosphohpld is,

e AWYRY ﬂﬂfﬁ’ﬁ%’?@‘%ﬂq‘ﬂ‘ﬁ verttion of

the total llpﬁis can be ascribed to differences in the content of the neutral lipids.

phospholipids. Neutral l@ds are

c¢) Inositols and Carbohydrates

Quebrachitol (methyl inositol) is the most concentrated single component in
the serum phase, amounting to about 1% of the whole latex. Small amounts of inositol

isomers, sucrose, glucose, galactose, fructose and two pentoses have also been



12

detected. In the absence of adequate preservation, the carbohydrates, but possible not
the inositols, are metabolized by bacteria and converted to, volatile fatty acid (mainly
formic, acetic, and propionic acids). These acid are not present in fresh latex and their
concentration in commercial latex is a measure of the degree of bacterial

decomposition which the latex has undergone.

Table 2.2 Lipid composition of Hevea bra ,/rnsis latex of RRIM 501 [**!

.

e

Lipid - % of to Composition % of latex
Neutral Lipids 53. § 0.87
-Esters l 0.14
-Triglycerides 0.56
-Tocotrienols 0.03
-Sterols | 0.04
-Fatty acid, alcohols, diglycerldes{éi——— 0.10
and monoglycerides el
Glycolipids \ 7 0.44
-Esterified steryl glycosi 0.05
-Monogalactosyl diglyc rﬁ a e 0.04
-Digalactosyl digﬁ;ﬂ | fJ | EJ V] 5 W EJ ’] ﬂ ‘i 0.34

L = o

remho A7) 1971 5P W12 A2
-Phosphati&rl ethanolamine 0.05
-Phosphatidyl chloine 0.13
-Phosphaidyl inoitol 0.05
Total lipids 1.64
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d) Inorganic Constituents

The total concentration of inorganic ions in fresh latex is approximately 0.5%
of which more than half normally consists of potassium (0.12-0.25%) and phosphate
ions (0.25%). Small amounts of magnesium, copper, iron, sodium and calcium are

also present. The relative proportions of these ions, which show both genetically and

Physical e,f- , | 7. Slightly be due to the
non-rubber constituentr ; mlllmty When the natural

rubber is held below 10°@, crystallization ogcurs, resulting in the change of density

05 Gy LTI H AV v o e o
°°°’W°fé‘ﬁ‘€ﬂ“§m ST Y Ay o

Table 2.3 9
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Table 2.3 Some physical properties of natural rubber [16]

Properties Value
Density 0.92
Refractive index (20°C) 1.52
Coefficient of cubical expansion 0.00062/°C

Cohesive energy density 63.7 cal./c.c.

Heat of combustion 10,700 cal/g.
Thermal conductivity - : f'--...mn cal./sec./cm?/°C
Dielectric constant 237

Power factor (1,000 cy 0.15-0.2

15

Volume resistivity ohms/c.c.

Dielectric strength ,000 volts/mm?®

2.3 The Processes Used.in In

Natural s_lat m of steps (see Figure
2.3) before it is use gl?] ber ﬂma e e Hevea tree, and it
- lts@wwm AR TN om o
every two d ays. A tapper starts the trek around the plantation before dawn. At each
tree a sharp knife is used to shave off the thinnest possible layer from the intact
section of bark. The cut must be neither too deep, nor too thick. Either will reduce the

productive life of the tree. This starts the latex flowing, and the tapper leaves a little

cup underneath the cut.
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In ordmary circumstances, this latex will normally coagulate into a lump in the
bottom of the cup, called ‘cup lump." If the plantation manager wants to make latex,
then the tapper must add a stabilising agent to the cup. Usually this is ammonia,

which prevents the latex from coagulating. The tapper returns a few hours later and
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collects the stuff in the cup -- either cup lump or latex. The double round trip usually

finishes at about 2 pm.

a3 i
In the factory, rubber i overed from'its mixture by coagulation with formic

acid and water. This causes the sufye,nded ﬁuparﬁcle within the latex to clump
Y-

et " v

together forming crurg% that resemble curdMﬂbeing pressed between

rollers to consolidate thfj’ubber into 0.

sleﬁs or thin crepe sheets, the

rubber is air- or smoke-dried for shipment.

ﬂUU?WHWﬁWHWﬂi
zsﬂmﬂmﬁﬂml’]’mma%ﬂ

There are many standard specifications in defining a range of grades of rubber
in the world. The Rubber Manufactures Association has a further set of standards for

quality and packing of latex natural rubber grades as shown in Table 2 4.
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Table 2.4 International natural rubber type and grade specification [17]

Type Natural rubber Description
1 Ribbed smoked sheet | Coagulated sheet, dried and smoked latex.
Five grades available (RSS1-5).
2 White and pale crepe | Coagulated natural liquid latex milled to
| | Jproduce a crepe.
A1)
3 Estate bro .:ﬁ *‘V and other high-quality scrap
—
— gewm plantation.
% ] ump, tree scrapes and smoked sheet cutting
| are . crepe.
3 1) d ‘&, wet slab, lump and other
states and small holding.
6 Thick bla lab, lump and unsmoked sheet milled to
7 £ atural rubber including
= =
8 Pure smc?}ed blanket Mllled smoked rubber derived exclusively
Al ikl EJ i A TS 1

ARIAINTUNRIINYIA Y

a. Smoke Sheet [16]

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 15 %, then

coagulated. To 1,000 parts of the diluted latex, 50 parts of a 1% formic acid solution
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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 spraying. After going through the five or six rolls set progressively
tighter. The rubber has been squeezed down to the control thickness. The

characteristic rib pattern is embossed primarily for increased surface area for drying.

y e temperature ranges from about

abaat 3@any, the rubber is baled for
N

The wet sheets are passed into a §

50-60°C. The entire perio

-L'J .
STR XL, STRSL Whole ﬁ‘gld latex bulked and formic acid

ﬂ 1) ﬂ ’3 | Sobleeed idet dfcuy ptrolled conditions.

Either whole fresh coagulum or.unsmoked sheet

9 W’] RN T T WD WEE Atk o e

crumb processing.

STR10, STR20 Field grade materials based on USS, lump, scrap,

green crepe or mixture.
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¢. Lump and Scrap

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 in the trace of tapping. Field grade materials are USS, green crepe, cup lumps,

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

2.4 Odor from Natural

People smell o e od ormolecule (called the odorant) fits into a

molecular receptor in

different. Unpleasant odor can alse 1 the breakdown of foods and other

organic products in storage @ Il 'as ithe decomposition of wastes and

unwanted by—product e etk 652 sites, garbage bins, and

pet litter boxes. The v@tility 0

vapor pressure [ﬁu Ej.fj qn EJ Qn ‘%Jw EJ q n ‘j

The analysis and evaluations of odor is.an inseparablg combination of

chemis il k| b dl & AR, - e

technlques used to prepare the sample for analyses (see Table 2.6).

0 poundj]; usually expressed as its
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Table 2.6 Analytical techniques for odor characterization

Techniques bescﬁption

Distillation Techniques

= Steam distillation = Less destructive than direct

distillation, primarily to separate

volatile organic from non-volatile

, /‘/anaterials.

_J
= Fractional distillati ~=Classical packed column and high

7 - N ux ratios, based on boiling-
PRE AN

*  Vacuum degassing/ o 3 ‘. I8 A ; seful for isolating small

distillation Wi ¥ s of volatiles from

it sensitive materials.

Voo A
Extraction | '
* Direct so S qn EJ V %" Wﬂf‘lﬁ ;xeral lack of
Y d | m‘ it ect on the sample
‘ | ﬁrﬁ ts hﬁ lvent purity,
QRIAINTU YRV LR v
g .
alteration.
= Selective extraction techniques = Combine features of isolation and
separation methods.
* Simultaneous steam * Suitable for continuous analysis
distillation/solvent extraction and to increase the efficiency of
techniques.
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Table 2.6 (Cont.)

Techniques Description

Vapor-Phase Isolation Technique

* Equlibrium Headspace * Analyze directly in vapor, rapid

Techniques and easy to apply, the sensitivity

is limited.

' //‘/‘Ae the adsorbents to adsorb the
——=yolatile and d the volatil

e and removed the volatile
\

r thermal evolution.

*  Direct evolution of vol

(including Porus PoYF} 4

collection)

2.5 Mal-odor Reductio

The method of reducing

more pleasant characﬁr by m'asﬁi"‘é""" d/or

\

acceptable level by coufiteraction. For od liXture may show a stronger

intensity (hyperaddition);‘the same intensity (complete ac : tion), or a lower intensity

(hypoaddition) tﬁtw ﬁﬁfw ij%fwrﬁ ml)mmon observation is

hypoaddtion. Regydless of the eﬁect‘s on 1nten51t , the odor-maskmg effect works
pimar O it e pbrodiichlchntadter ’Z]f’%a‘ié]d&l b ke
phenomenon in which two or more odors are mixed and give a combined odor

intensity less than that of either of the individual components [20].

The reduction substances that are commonly used as cyclodextrin, carbon
black, chitosan, surfactants and zeolite are used to reduce mal-odor from the rubber

samples.
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2.5.1 Cyclodextrin

Cyclodextrins (CDs) is the mal-odor counteractant that has been used to
control odor from detergent compositions [21]. The natural CDs are produced from
starch by the action of cyclodextrin glycosyltransferase (CGTase), an enzyme
produced by several organisms, Bacillus macerans being the earliest source.

respectively) D-glucopyranosyl units
%most stable three dimensional

—

i > oligosaccharides takes the form

Structurally, CDs consist of 6, 7, or 8~‘
connected by alpha-(1,4) gl
molecular configuration fo
of a toroid with the upp pening of the toroid presenting
olvent environment. The

secondary and primary

interior of the toroid i e ¢lectron rich environment

271

Ji".r.r"},-: =N -"', L

[+3
an
5

=
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Figure 2.5 Cyclodextrin cavity [21]

2.5.2 Carbon black [22]

Carbon black is the material that is normally used as a reinforce filler in

natural rubber. It’s also known as one of the most effective substance for removing
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organic contaminants from water. Due to its highly porus structure with large surface
area, carbon black can adsorb a lot of organic chemicals that are often responsible for

taste, odor and color problems.

2.5.3 Chitosan
Chitosan, B-( 1-4).-2- de is a polysaccharide generally
.-J
‘ -—
obtained from natural chitin afier-N=de on by.alkaline treatment. Chitin, poly-

B-(1—4)-N-acetyl-D-glx ' ge b \-\- mer, is the second most
abundant natural polysacgHari ¢ thé % n is present in marine

CL lar structures of chitin and
J‘ddﬂd F.

-
[

chitosan are illustrated in Figur S: soluble in water, but it becomes
"'\ Jﬂ F
A .ﬁ; .l":"l r
soluble and cationic when it isldissofved in a

ents. Free amino groups in the

structure of chitosan become_pésit nd_form bonds with functional

groups, including -O ”:J—*—;—,- T 47 : 7

1y

s

QWTW

NH:
HO~/

NH:
e

CH:¥ CH043

Chitosan

Figure 2.6 Molecular structure of chitin and chitosan
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2.5.4 Zeolite 13x

Zeolites have a rigid crystalline structure with a network of interconnected
tunnels and cages, similar to a honeycomb. While a sponge needs to be squeezed in
order to release water, zeolites give up their contents when they are heated or under a
reduced pressure. The name "zeolite" comes from the Greek words zeo (to boil) and

lithos (stone), literally meaning "the rock that boils." Zeolites have the ability to

absorb liquids and gases such as ” en - but remain as hard as a rock

255 Surfactants; 6]

L L AL

surfactant (a contrdétion of the term sgrface—active gent) isa sub%snce that, when
present atﬁ}‘w&}@a&ﬂ@mgd m’t]e’}rm& a@)&g onto the
surface or ir?terfaces of the system and of altering to a marked degree the surface or
interfacial free energies of those surfaces (or interfaces). The term interface indicates
a boundary between any two immiscible phases; the term surface denotes an interface

where one phase is a gas, usually air.
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Surface-active agents have a characteristic molecular structure consisting of a
structural group that has very little attraction for the solvent, known as a lyophobic
(hydrophobic)group, together with a group that has strong attraction for solvent,
called the lyophilic (hydrophilic) group. This is known as an amphipathic structure.
The hydrophobic group is usually a long-chain hydrocarbon residue, and less often a

halogenated or oxygenated hydrocarbon or siloxane chain. The hydrophilic group is
an ionic or highly polar group w

,@ » nature of the hydrophilic group,

surfactants are classified as.ii__a e

*  Anionic: / i \melecule bears a negative

charge, €.g. (s a’ (Alkyl aryl sulphonate).

_-.-_‘, -’"I

. Catlonylf_’g\ The surface-act( ve po ‘ 1§ a positive charge, e.g.

(CH3);"CI' ( quaternary

ammonium Chlorlde) Some of them have bactericidal properties and

At BRI s
TR TR IR TN TE oo

surface-active portion, e.g. RNH, CH,COO" (long-chain amino acid).

* Nonionic: The surface-active portion bears no apparent ionic charge,
e.g. RCOOCH,CHOHCH,OH (monoglyceride of long-chain fatty

acid).
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2.6 Mal-odor from Natural Rubber

Fulton has studied the problems of odor during ‘rubber procesSing. It was
found that coagulation and subsequent conversion of coagulum into bale rubber affect
the smell of natural rubber. The field grade material tends to have a stronger smell
than rubber prepared by the deliberately controlled coagulation of latex. The main
constituents of the effluent gases ﬁ W er industry are low molecular weight
volatile fatty acid, which _&;iﬂ@vw by water scrubbers with

efficiencies of 92-99% V 1

Isa has studied t

(SMR) factories. The

e
compounds are originally producégﬁﬁm e

4 # 0 "l"ﬁ;" 3
-rr"_,,-“""#"‘l"}' o ﬂ-

components during thg__)torage of scraps and Mﬁ to processing. Prior to

aust gases were collected by

adsorption on charcoal adsg,rptlon tube to collect the exhaust gases. It was found that

the volatile comﬂu%x&l] }%ﬂ%ﬁe%ﬂﬂﬂ@welgm volatile fatty

acids such as acetlc acid, prfjlomc aéid, butyric acid and valeric aéid. The mal-odor

A AYTHAE M ETAY

Fabienne and Linda studied the volatile odor compounds from full-fat and

the characterization by

reduced fat-frankfurters. Volatile odor was sampled using the headspace technique
and characterized by GC/MS. The volatile odor compounds include aliphatic
compounds, mainly from lipid oxidation, sulfur containing compounds, terpenes from

the added spices and phenol from the smoke [28].
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Reed and coworkers reported the method of removing mal-odor from fabrics
by mal-odor counteractant such as cyclodextrin, zeolite, clay and essential oil. These
substances help to control odor from detergent compositions, to protect perfumes in
detergent, to improve the solubility of compounds like nonionic surfactant and to

improve their removal [29].

F oz 3

L=

] k
AULINENTNYINT
AU INYAE




	Chapter II Theorytical and Literature Review
	2.1 Progress Made in Developmment
	2.2 Natural Rubber
	2.3 The Process Used in Industry To Produce Rubber
	2.4 Odor from Natural Product
	2.5 Mal-Odor Reduction Substances
	2.6 Mal-Odor from Natural Rubber


