CHAPTER 11

THEORY

Natural rubber (NR) has become an important industrial material, particularly
in the tyre industry, and used in the manufacture of various products including
household, engineering, medical, and commercial goods. Heavea brasiliensis, a
tropical tree, is a major source of Q1 d’s rubber. Thailand has approximately 5
million acres of rubber plantations locats ly in the southern and eastern parts
of the country and 1s ’s le‘thest :d‘producer followed by Indonesia

and Malaysia with ountries produeing around 90% of the world’s
natural rubber (N and is facmg»..iome problems with rubber

production. During c

latex, dirt gets m the process, reducing the
4 T

quality and thus redugi ce 'prol:hfc s will receive. The economic crisis and
the increasing use of i ,;'ubbe;jlaqe ded to ?.he problems for the rubber
industry in Thailan ‘ges:are lﬁde? 1 thg, NR industry if it is continue to
remain success [4]. ch Qnrglthﬂi: mical modification of NR for special

technical applications I hgﬁ;begum tly in Thailand. Among reactions
acting on the polyisoprene bacl%ne e%on is a modern and efficient method

of chemical modlifg‘:atlon havmg greaf perspectlvem ?Phcatlon [5].

2.1 Epoxidized hq id natural rubber (?

2.1.1 Preparatmta,of ENR
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It is derived from NR. In 1989, Bﬂoccaccm prepared ENR from NR using two steps
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the second one is the epoxidation reaction of the polymeric ¢ The molecular

weight (Mv) of ENR was consideredly lower than NR, i.e. Mv of NR is ~10° when
M, of ENR is ~10*[6].

In order to reduce molecular weight of NR, several methods can be done,

mastication of NR in solid phase or chemical treatments of NR in solution or latex
phase. In the case of introduction of epoxide ring onto unsaturated organic

molecule, epoxidation can be carried out using preformed peracids or in situ



peracids [8]. Institut de Recherche Applique’ sur les Polymers (IRAP) has
published degradation reaction of NR by using phenylhydrazine/oxygen system in
latex phase [7]. By varying the amount of phenylhydrazine using in the reaction,
different molecular weight of degraded natural rubbers was obtained. When high
amount of phenylhydrazine was used, the lower molecular weight of polymer was
achieved. Therefore, by this method, low molecular weight NR or liquid natural
rubber (LNR) can be prepared [7]. In the case of introduction of epoxide ring onto
unsaturated organic molecule, epoxidation can be carried out using preformed
peracids or in situ peracids. Gelling 9{)’6)orted the preparation and structure of
epoxidsed natural rubber. Both peracetic-acid or_in-situ generation of performic
acid can be employedEAfB has also developea epox1dat10n reaction procedure by

in situ perfomic acid o

hich as been degraded into liquid natural rubber
: in situ perfomlc acid is obtained from the
l and fibx{nic acid. The reaction of natural rubber
latex ase could be earried out without step of
natqi'al })ber due to the epoxidation reaction of the

1rhméd1atei¥‘>[ 1‘6] The reaction can be schematized as
JJJ J:fa.

—_—

2.1.2. Epoxidation level.determination

It is known that 100% chemical modification of polymeric chain is not
practical and sometimes is not useful. Partial modification of non-polar polymer
such as polypropylene or polyisoprene has been generally done in order that the
main chain sti!l posses its original properties. A few percent of epoxidation of NR
are also required for further modification in the second step as a small amount of
photosensitive group needed for photocrosslinking reaction. The method to

determine the epoxidation level of ENR has therefore been defined.



Titration method [13] of epoxide ring with hydrogen bromide was also used
but side reaction can be easily occurred by intramolecular cyclization. Elemental
analysis, 'H-NMR and "“C-NMR spectroscopies are fairly simple methods
published in several publications for determining epoxidation level of epoxidised
polymer [11,12]. Glass transition (Ty) measurement by differential scanning
calorimetry (DSC) method was also used to differentiate epoxidation level of
epoxidised polymer. Burfield et al. [11] had compared DSC, NMR, elemental
analysis and direct titration methods for determining epoxide ring of epoxidised
natural rubber. They found that there w} me limitation these methods. Direct
HBr in glacial acetic a01d titration cou a1rly accurate information at low
(<15 mol%) modification: E}cmentat’analy51s gave less satisfactory results. T, data
from DSC method cc‘;l.lf-_

obtained from prim

a6 o poxidation level through a calibration curve
| /such)as NMR analysis. Both '"H-NMR and “C-
NMR provided th ‘ s ovér}hﬂ range of 20-75 mol% modification. The
used in 'H—NMR and C-NMR analysis and

‘ dlﬁeatx equatlon appeared in several publications

characteristic pe

mol% ep{xnde =100 A 270] -
1, ASTT¥FATH ]

Note : A ,.70,=Intration of epoxide proton.
As 140= Intration of olefinic proton.

2.2’Ring openifig reaction of epoxide group

Organic epoxide molecule is é three-membrane ring ether compound which
one of the three atoms is oxygen. It has been known that organic three-membered
ring molecule is not a preferred form of sp® orbital of carbon atom. Therefore
molecule containing epoxide ring is sensitive to ring opening reaction by several
active hydrogen compounds. Epoxy resins are polymeric materials possessing
epoxide ring. They are commercially available in low molecular weight molecules.

In order to achieve a useful product, they were transferred to a crosslinked product



by a crosslinking agent [14]. The reaction mechanism is proceeded by the reaction
between the crosslinking agent and epoxide moieties. In addition, reaction of
compounds containing active hydrogen onto epoxides of epoxy resins has been

published [15]. The general ring opening reaction of epoxide ring is shown below.

OH OH OH

| [ |
HXRXH +CH,CHR'CH CH;® HX(RXCH,CHR'CHCH,X),RXCH,CHR'CHCH,

X =0, S, NR; \!
R' are any of the possible ag%; /

1=0,1;,2;

Active hydrogen com
- polyamines

- polyamides

- polyureas

- polyurethanes

- polyisocyanates
- polymercaptans
- polyhydric alcohols
- polyphenols

™

2:.2.1 Mechamsm of rmg opening reactlon of epoxides

Wﬁ‘}‘@“%ﬁ%@ (16} 17t fnpi-oxidative crosslinking

reaction odgurring in natural rubber mvolved epoxide groups in the
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compounds, possibly amino acids, as shown in Scheme 1. This objection appeared
serious in view of the fact Colclough et al. [18] have shown that the reaction of
amines with the model epoxide (1-ethyl-2,2-dimethyloxiran) under anhydrous
conditions was extremely slow, even at 140°C, let alone at the ambient

temperatures under which natural rubber was known to undergo crosslinking.



CH; CH;
I [
—CH;—CH—C-—CH;— + RNH:—» —CH;— CH—'Cl—CHz—
|
(@) RNH OH
¢))
In 1976s, the have assumed some industrial
importance, inter alia-in-the euri eqd resins [19]. The prototype
reaction, between oxiranitSelf an -? monia , t documented by Wurtz [20]

in 1860. A more ohelater inve * 0 ’*\ Knorr [20] revealed that the
completely dry reage 1 nce of a small amount of

water the reaction tooK of amino ethanols.

Since induced/Crogslinking reacti » oxidised natural rubber occured
under aqueous conditi@ 0], 4 S as i ApOTts nt to discover whether similar
activating effects occurrg in-the trisubstituted epoxides, which would
perhaps facilitate the reacti ,- ibi it conditions, a possibility which have

been largely overlooked. i - arlic It was. of interest to find out if such
reaction allowed -the | "—"—-"""'-D{'}}'~“"°\' as (2) or whether their
formation would be precludec s ft .
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Scheme 2



Burfield [20] chose methyloxirane and trimethyloxirane for model epoxides
and selection some amines, e.g. cyclohexylamine and 2-aminoethanol. Reactions
were investigated by mixing the amine and epoxide at room temperature in various
stoichemistry under aqueous and dry conditions. It was found that anhydrous
reactions were relatively very slow and reactions of trisubstituted amines were
more difficult than monosubstituted due to effect of steric.

Perera [21] investigated reaction of aromatic amines with ENR in latex stage.
It was found that the ox1d1zab111ty e raw rubber was adversely affected by the
epoxidation reaction, and thlS ‘2/ overcome [22] by the addition of a
low molecular weight aLﬁz‘x_;'_Qant Just &1 olation of the rubber from the

latex. However, the @sis

ce o 1ght be improved by binding an

ough thB*‘Q\ group. The results were
s added without neutrahzmg the latex, there

2.3 Membrane separatiox

Since membranes have__.agﬂdely %ﬂon processes such as reverse
0Smosis, ultraﬁll;aélon, rvaporation, so, as shown in Table

2.1, it is of muc licalite membrane which

ihterest to use memb:
has hydrophobic/oranophilic characteristic to separatumixed xylenes. Basically, a

feed consmtms of a rixture of two or miofe co &i:)nents 1§artially separated by

chipeticattefbhé (th dndbie) ko

species mov%'I faster than another or other spe‘ges. The most general membrane

o D FHE I i s

and ajpermeate. The feed, retentate, and permeate are usually liquid or gas, they

means of which one or more

may also be solid. The membrane is most often a thin, nonporous polymeric film,
but may also be porous polymer, ceramic, or metal material, or even a liquid or
gas. The optional sweep, shown in Figure 2.1, is a liquid or gas, used to help

remove the permeate [23].



Table 2.1 Industrial applications of membrane separation processes [28].

1. Reverse osmosis:
Desaliaization of bcackish water
Treaument Of W2sS(CW2(er (0 remoye a wi<~ varicty of im-
puritics
Treatment of surtace and ground water
Coaccauation of {ood

[E]

- Dialysis:
Separadon of aick

3. Ultrafiltraw
Preconcent . o
Clarification of fruic juice - N

Recovery of v 1 acit atacioa
broch :
Color removal - HLALL bl f P r.mahug

6. Prevaporation:
Dechydration of et
Removal of w.
Remayal o

Fifocsc.

as
|l: of air into g 0 cn-cnric@ streams
Recovery of helium

Reocvery of methane from bxogas
8. Liquid mem

Pt -
QW’] ﬂ\‘lﬂ‘ifu URIAINYIAY
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Retentate

Feed mixtuce (reject, concenzcat
: 5 residue)
" -~ . e
T~ v
” :f: =) (Membraae [\ ezaiita:

o _ i Pcrmeu?
Sweep ‘

(optizazl) //

v ——

vz ] e'process [28]

In membrane sepdtations: (1)-the tw roc m\; usually miscible, (2) the

a sharp separation is often

The replacement )re common separation operations with membrane
e \

separation has the potential {0 save large amounts of energy. This replacement

required the production of “high mass-transfer flux, defect-free. Long-life

membranes on alg h¢ membrane into compact,

economical modulgs of high ume. The key to an efficient
and economical mﬁb - the &mbrane and the manner in
which it is packaged ‘an‘ci modularized. ll)ssirable properties of membrane are (1)
good permﬂ;iﬁ, E} ?mlﬂ%? anical compatibility

with the processing environment, (4) stability, freedom from fouling, and

T e TR o e
toﬁﬁtﬁﬁm{ﬂs ' Cros 'ﬂ:ss [28].
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2.3.1 Membrane materials.

Almost all industrial membranes processes are made from natural or synthetic
polymers. Natural polymers include wool, rubber, and cellulose. Synthetic
polymers are produced by polymerization of a monomer by condensation or
addition, or by the copolymerization of two different monomers. Table 2.2 shows

the common polymers used in membranes.

”)branes [28].
//ﬁ&\\ Glass Melting

Traczition Temp..

Tvpe Temp.. *C c

Table 2.2 Common polymers

Polymer
Cellulose triace- Crysaalliae 300
tate
Polyisoprene Rubbery =70
(racunal
rubber)

Aromadc poly- Crystalline
amide

Polycarboaate Glassy ' (50

Polyimide 310-365

ﬂuﬂ’mmm'wmmm
a w7 a\ﬂﬂ@%ﬂ@‘%@?@ﬁ’] ] EI

Polmu-a:iuo Cry=tallin= —,—CF,—

ethyleae
(Tefloa)
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Polymer membrane can be dense or microporous. For dense amorphous
membranes, no pores of microscopic dimensions are present, and diffusing species
must dissolve into polymer and then diffuse through the polymer between the
segments of macromolecular chains. Diffusion can be difficult, but highly selective
for glassy polymers. If the polymer is partly crystalline, diffusion will occur almost
exclusively through the amorphous regions, with decreasing the diffusion area and
increasing the diffusion path.

A microporous membrane cqntafns interconnected pores that are small (in
the range of 0.005-20 pum), but large in ison to the size of small molecules.
The pores are formed by a variety of pro naﬁ.&echniques. Such techniques are

especially valuable fou)_r_gd.uemg S g etrie, microporous, crystalline membranes.

Permeability for micypofﬁ//

molecules. However,

embranes is high. but selectivity is low for small

ulesiboth smaller and larger than the pore size

are in the feed to the e; the niolécules may be separated almost perfectly

by size. V7T

The applicati enmerﬁflranes is generally limited to temperatures

below about 200 °C tg the §eparat}p'i1 of mixtures that are chemically inert.

When operation at hlgh mp;::atures Ef%‘f with chemically active mixtures is
S

necessary, membranes made GfQﬁorgatﬁEthatenals can be used. These include
mainly mlcroporouf cermmcs metals anﬂ carbon a.‘rl;d dense metals, such as
palladium, that a very sjnall molecules such as
P
hydrogen and hehumJZ8] m
Huang and Yeom investigated the permeation of aqueous ethanol through

PVA membrafieq[24] It wasifound|that, crosslinked PViAcwas:reduced permeability

but increase selectivity.

Harogoppad and Aminathan [25] studled the permeatlon of alkane solvent
through polymer membranes (CR4 SBR, EPDM, NR). The results were shown that
NR was the best membrane for organic solvent due to high selectivity and
efficiency.

Unnikrishnan [26] investigated the permeation of solvent mixture between
hexane and acetone through crosslinked NR membrane. It was found that low

permeability effect to increase efficiency and high selectivity.
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John and Thomas [27] investigated the permeation of acetone and
chlorinated hydrocarbon mixed solvent. It was found that specific membrane effect

to increase selectivity.

2.3.2 Transport in membrane

The membranes can be macroporous, microporous, or dense (nonporous).
Only microporous or dense membranes are permselective. However, macroporous
membranes are widely used to support thin microporous and dense membranes

e membrane are necessary to

when significant pressure diff: \
achieve a reasonable throu ontains pores large enough to
allow convective flow, size of the pores is smaller

than the mean free path o onvective flow is replaced by

is molecular sieve is

potentially useful in séparz nolecul ‘ iffere izes. The membranes

ﬂ‘iJEJ’WIEWﬁWEﬂﬂ‘i
ama\mmumwmaﬂ
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