CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Anacardium Occidentale [2,

2.1.1 The Cashew Treem
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2.1.2 Cashew apple agd Cashew nut
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to 4 inches in len th and 1.5 to 2 inchies in width.d6,has a waxy yelfow, red or orange
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“apple”.

Sinches in length and 2 to 3



cashe HutR eproduced from [4].
The whole cashew /5 {0 m_to 2.2 cm broad at the

these skin is the honeyco olic material populary

called “Cashew Nut Shell Li is the kernel wrapped in a

11 liquid (20-25%), and
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Figure 2.2 A cross section of a cashew nut. Reproduced from [5].



2.1.3 Cashew Nut Shell Liquid
2.1.3.1 Introduction [6]

Cashew nut shell liquid (CNSL) occurs as a reddish brown viscous liquid in the
soft honeycomb structure of the shell of cashew nut and is reported to occur in the fresh

shell to the extent 15 to 20 and 20 to 30 percent by weight for African nuts and Indian

il "-\. arposes, CNSL is extracted from

\%

\ ated in order that the kernels

In the productio
the outer shell of the ca

may be removed withou \ &Miquid. There are three main

O\ al extraction. The raw nuts are

, when the outer part of the shell

methods which have be

1. Hot o1l bath mé

This is the most
passed through a bath of hot"
bursts open and releases C nother 20% could be extracted by

passing the spent sheli;

2. Expeller mefgd 1

Some factories hdvesintroduced marlu!}ﬂ rﬁrated cutting machines in which
e

shells of lightly ﬂ u &l gew gemg‘g lf]af] % shells are then fed to

an expeller to rec&'er 90% of the oil. ¢
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The nuts are shelled after sun drying or after drum roasting. The liquid obtained

QOlvent extraction techniques.

is, however, crude and contaminated.

CNSL, extracted with low boiling petroleum ether, contains about 90%
anacardic acid and about 10% cardol. CNSL, on distillation, gives the pale yellow

phenolic derivative cardanol. Natural CNSL contains 80.9% anacardic acid, 10-15%



cardol and small amounts of other materials, notably the 2-methyl derivative of cardol.
The chemical structures of major compounds in natural CNSL are shown in Figure 2.3.
The side chains exist in saturated (n = 0), monoene (n = 2), diene (n = 4) and triene (n =

6) forms with cis configuration [8-11].

OH OH

C15H31-n

cardanol

(6-pentadece ‘x\" entadecenyl phenol)
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CH,

CisHs

2-methyl cardolee—— : cardol

(2-methyl, 5-pg : tresorcinot -pentadecenyl resorcinol)

Where n =" "“
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Figure 2.3 Chemdpal structures of major compounds in natural CNSL.
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because of the hlgﬂly unsaturated natuge of CNSL. Fus, a typical pgoduct could contain
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The chara8teristics of cardanol and IS specification for CNSL are given in Tables 2.1 and
- 2.2, respectively [7, 12-13].



Table 2.1 Characteristics of Cardanol [7]

Table 2.2 IS SpecificatiOns#gfor

Characteristics
Boiling point, °C 228-235 (3.4 mm Hg)
Color (Livibond, 1 cm cell) Red (1.0-3.0)
(freshly distilled) Yellow (1.5-3.5)
Viscosity, 30 °C (cP) | 40-60
Specific gravity 30/30 °C 0.93-0.95
Ash content / negligible
Volatile loss, % by / 2.0
Acid value 9-2.0
Iodine value (Wij’ 0-220
Hydroxyl value 0-200

fewilN \
CharaCter i E;- ’ "‘\\\ Requirement
Specific gravity 30/30 ¢ © 0.950t0 0.970
Viscosity at 30 °C, ¢P ( x) JEEE ‘ 550
Moisture, % by wt (max =l .f‘ 1.0
Matter insoluble mibluene Yo by witmaxy —————=224 10

Loss in wt on hea ’:T : 2.0

Ash, % by wt (max )™ - 1.0
Iodine value
: Wijsﬁmmmmswmnio
b) Catalytlc method 375

Polyammn'a‘m AN I’WIEHGEI

a) Titn e, min (max)
b) Viscosity at 30 °C, cP (max) 30
¢) Viscosity after acid washing 200

at 30 °C, cP (min)

*IS 840: 1964




2.1.3.3 Uses and Applications [5, 7]

The CNSL is an undesirable by-product of the cashew kernel industry. This is an
effective replacement of source and expensive petrochemicals. CNSL is described often
as a versatile industrial raw material. It has wide application in the manufacture of

numerous industrial products.

The CNSL is second only o hew kernel or nutmeat in economic
importance. In its natural state, if's rves to the kernel against insect attack.
If used in combination with Kefosene eﬁn effective insecticide against
mosquito larvae. Made inis i swooden floors and fine carved
woods, protecting them ars, fishermen havé used the

liquid to waterproof and and boats.

With recent ad¥a NSL is finding many new

industrial applications. enolic raw material for the
manufacture of certain resing'a la lar, it is used as a friction modifier in
the manufacture of brakelini : ave the property of absorbing the
heat generated by friction in the bt hile retaining their braking efficiency

iction materials again give

a much quieter braking 36t |also W Jold wear’. These materials

are ideal for use in lovmpee au

exceed 250 °C. 1t is also uged in rubber compoy nds, where it acts as reinforcing fillers,

which tensile stﬂgul'ﬁjq ?@ld&’)%ﬁﬁe’%ﬂﬁoved The resins from

CNSL are used fh laminating for papers cloths and glass ﬁbers or impregnating

R L (14084 N 11001 ey
lacquersil t 88 te ant ive for metals,

water proofing compounds and adhesives.

e teiperature generated does not



2.2 Vulcanization [14, 15]

The uncured rubber must be transformed from a soft, tacky, stretchy substance

into tough, hard tread that will resist abrasion and provide excellent mileage and traction.

Treatment of rubber is to give its certain qualities, e.g., strength, elasticity, and

resistance to solvent, and trender it impervious to moderate heat and cold. Chemically,

the process involves the formation of eresstlinlsages between the polymer chains of the
rubber’s molecules. In 1839, vmuleant as®accomplished usually by a process
invented by Charles Good S invol ving w with sulfur and heating. Mr.

Goodyear stumbled upon ed.rubb ithout losing its flexibility. In
1846, Alexander Parke ad of ¢ ;\r zation (treating rubber with a

bath or vapors of a nd). '_ or forwalmost all ordinary purposes is

vulcanized; exceptions a Oles, and adhesive tapes. There

are many vulcanization m Y, placed in molds and subjected

to heat and pressure. Th eam, by steam-heated molds,

by hot air, or by hot water also"be accomplished with certain

i,
peroxides, gamma radiation, a@nd*% f”.’ff ~othi nic'compounds. The finished product
is not sticky like raw rubber, doskmothirden pld or soften much except with great

heat, is elastic, springing-back into shape when deformed— stgad of remaining deformed

'I

~t‘ and to gasoline and most
chemicals, and is a goodsi

as unvulcanized rubbg

sulator against e ectr1c1ty and he ’JJ

“”“""ﬂ‘lﬂ’ﬁ“ﬁ‘?‘lﬁ‘i‘l‘ﬁﬂﬁl’]ﬂ‘i

The vulcamzatlon is a chemidal process to dink the polymer@structure. The name
vulcamza W rlea ﬂaﬂgme&] Q m Bhr]ra Holecules of the
rubber areqlnked to each other over linking bridges. This linking can take place with the

help of vulcanization agents. During vulcanization, the following changes occur.

Firstly, the long chains of the rubber molecules become crosslinked by reaction
with the vulcanization agent to form three-dimensional structures. This reaction

transforms the soft, weak plastic-like material into a strong elastic product.
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Secondly, the rubber loses its tackiness and becomes insoluble in solvents and is

more resistant to deterioration normally caused by heat, light, and aging processes.

/ Rubber molecules

Unvulcaniz

lSulfur

N e
Vulcanized ' A %1':{_‘\;:\ |
network ( /] .1‘,‘:\ \&%k
/e 4 \\

. Reproduced from [14].

Figure 2.4 Netw,

(Kot

The properties of th eanized or vulcanizate, depends on the nature
and distribution of the crosslimkss4he  cros ensity, non-crosslink modifications

introduced along they Z,',i'f:"'?"’_:"':_: ----- a-network atefial, that is the unattached

residual reaction prod
]
|

&

2.2.2 Degree of Vulcaﬂatlon or Crosslw( Density [17]

e I b ATIENIL G ELI TN, o i sen,

its activity and the reaction time. I sulfur vulcamization, the m@st commonly used,
various a; w;}alﬂ(ﬂeigudu%r]o%lny\q adgtlwty of other
additives, 3artlcularly accelerators. Sulfur can be combined in the vulcanization network
in a number of ways between monosulfide to polysulfide, but it also presents as pendent

sulfides, or cyclic sulfur structure as shown in Figure 2.5
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slink"@-S-C; b) disulfide crosslink
C-S-S-C; c¢) polysulfide f \\ < 6); d) parallel vicinal
crosslink C-S;-C (n =1 to#6); Osslifks d'to common or adjacent carbon atoms;
gy “Inird ¢ disulfide; h) pendent sulfidic
jugated diene; j) conjugated triene;
eproduced from [18].

group terminated by accel
k) extra-network material; 1) ¢

2.2.3 Mechanism of Sulfur. ¥iles)

The initial s 1; l:’ fing of a sulfur ring. It can

crosslink or vulcanize di ' tly eve : re. i
A¥

Ausnunduans

/\;

RN TUNAINYINY

Scheme 2.1 Splitting of sulfur ring. Reproduced from [19].

After being activated by ring splitting, the sulfur is able to react with an
accelerator, zinc oxide and also with reactive sites on the rubber molecule, whether these
are o-methylene groups, double bonds, or other sites, in such a way that no

intermolecular crosslinks are formed initially.
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With sulfur vulcanization, the vulcanization structures formed are of great
importance to crosslink yield; moreover, the structures formed in accelerator-free
vulcanization are many different types. To begin with, therefore, the chemical mechanism

of unaccelerated sulfur vulcanization will be considered in some details.

CH,; CH,

mcl;ﬁ—cacam S5 OH - CanCHm + HS, -

|
¥

X
M'«(.}-!m--»C:'-r'sCH-w-

ﬂusqwﬂw EINT
amamsmﬁﬁ%ma

CHmC + M»()H-——-C----—('JI-INv\
Y

/s

Scheme 2.2 Unaccelerated vulcanization by sulfur, free radical mechanism.

Reproduced from [14].
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2.2.4 Vulcanization Systems [17]

The vulcanizing system is the combination of sulfur with accelerators needed to
convert the rubber compound from an essentially plastic state to a shaped elastomer
thermoset. The system is added to the rubber polymer during mixing and remains inactive
during subsequent processing and fabrication operations. Vulcanization then takes place,

usually by the application of heat to activate the system. Crosslinks are inserted between

adjacent polymer chains to form a threé dil€gsion network, which prevents further flow.

The vulcanizing system deternain \'\ e ard gntration of crosslinks.
- -:‘ J

e ———
Sulfur is used in abinatio ! C accelerators and an activator

system comprising zinc Oxid€ 4 : aric acid). Part or all of the
a vulcanization accelerator,
the average number of sulfuf agdnis Peér-e 1 sed. The proportion of sulfur

own in Table 2.3.

Table 2.3 Classification of s Al ]
elefator Approximate
System ntration range of E values
. obtained
EV 1.5-4
Semi-EV 1.0-2. 5-1.0 4-8
Conventional ¢ A0-35 qs 10-05 10-25
Very inefﬁ@'f AREE(}3Ah/ Wﬂ‘j 25-100

= QRARIRTOI NN NN Y

Systems for vulcanizing rubber are divided into five different methods i.e.
vulcanization in the press, open cure, vulcanization in water, vulcanization in lead and
continuous vulcanization. Each method can be subdivided into minor methods such as the

vulcanization in water, which can be used for very large articles, can be carried out in two
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ways, i.e. vulcanization under atmospheric pressure and under pressure. Almost all

rubber products are vulcanized by one or more of these.

For this research, the vulcanization of thick-walled articles, a type of
vulcanization in the press was chosen because it is the simplest method. The size of the
mold, the type of press, the mold material and other factors greatly affect the curing time
and temperature. The higher the mold, the more efficiently the protection of the loss of
heat. \ ;

Vulcanizing age( ’ bring about the actual crosslinking

-y
process. The most impo ulfur, sulfoe. donors, selenium, tellurium,

N

The most important rubber is elementary sulfur, which is

marketed in a ground form as ulfur suitable for vulcanizing has

to be at least 99.5% pure-and it my st not contain more than 0.5Y%, of ash.

Ze ]
The solubilitygf sulfl
dissolves relatively easily in Etural rubber atgqom temperature. The solubility of sulfur

increases as the ﬂ]%ﬁ %t%%%% ;E)G*ﬁ %ulfur soluble at a high

mixing temperatité which exceeds the proportion soluble at room temperature tends,

polymer {0 polymer. Whereas sulfur

once the™pr ' ~ -c" llizs « =;.."f ' tl]s mrr solution, the
crystals ﬂnﬁﬁnﬁﬁmmﬂmﬂgﬁﬂe p@dﬁ. The rate of
crystallization depends on the over-saturation of the compound and on the rate of
diffusion of the sulfur in the polymer. The fact that blooming thus depends on the over-

saturation of the compound means that the mixing temperature, which governs the

amount of sulfur dissolved, is very important.
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To prevent blooming in unvulcanized rubber compounds (which would make
bonding or welding difficult), the sulfur is incorporated at the lowest possible

temperature.
a) Insoluble Sulfur

Another way of preventing sulfur blooming is to use a special modified sulfur

known as “insoluble sulfur”. The insolubié s available on the market contains about
ul isulfide. Insoluble sulfur in carbon

tendency to bloom.

However, insol 719 \‘\\; lnstead it changes into the normal

soluble form, which is agg doing so very slowly at room

temperature, faster whe ole sulfur, therefore, has to be

stored at the lowest possible @mpegature=infthe \ »ympounding and processing,
care should be taken to kegp thé tagmperditire 2 \ o prevent transformation into

the stable, soluble form.

Attempts have been ad€ifs ;. ot} oluble sulfur against conversion into
the stable form, e.g. by adding fé"’;g; m of chloride, bromine, iodine, sulfur

monochloride, or ofs#A<terpene, which have “been=4o sd to reduce the rate of

= i)

transformation.

u-l

When insoluble s&;lfur is properly d.lipersed in the rubber compound its use

(instead of noﬁl lﬂﬁuﬂ)ﬁaﬂﬁw ge in the course of

vulcanization or 1gjthe properties 0 vulcanizates ever its 1nsolub111ty sometimes

m“““ﬁwﬁm"f‘ﬁ‘m YRIAINYIAY

b Colloidal Sulfur

Normal vulcanization sulfur is very difficult to disperse because of its coarse
particles and it is therefore not at all easy to incorporate it uniformly in latex. To ensure
uniform incorporation and prevent sedimentation in latex mixes it is advisable to use

colloidal mill or by precipitation form colloidal sulfur solutions.
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As colloidal sulfur tends to recrystallize in the course of storage, the grades
available on the market contain additives which prevent particle enlargement. Humidity

and dispersing agents have proved particularly suitable for prevention recrystallization.

Table 2.4 Physical properties of sulfur [18]

Physical properties

Apparent Color Yellow; impurities may cause color to be yellow shades
of green,

Odor ' Pure St 0 it traces of hydrocarbon
impur impart am rotten egg odor;
+k -»

Boiling Point 44 .

Melting Point 128t -

Molecular Weight .0 5 e

Density 4 _/cu af d

Hardness 1.5 e f

Sensitivity Data May gau ;J iny mucous membranes. May
cause 1rr1 t g: ; illed on clothing and allowed

ening of the skin.

2.3.1.2 Seleniugand (3 .

Occasi ‘1& S sulfur in the periodic
system, are useﬂ\yﬂaoﬂlﬂmmzljﬁ)jmbber. Their action is
somewhat, le werful t ﬁiﬂ . Ins es La of selenium or
telluriumﬁarﬁﬁ ﬁ&:ﬁ]ﬁ ﬂﬁrﬁiﬂﬁhﬁdﬂelerator& The

9
proportion of sulfur can then be considerably reduced. Vulcanizates produced in this way
are characterized by particularly good heat resistance in steam and hot air and by a high

modulus. The difference between sulfur, selenium and tellurium are illustrated in Table

2.5.



17

Table 2.5 Comparison of Elemental Vulcanization Agents [14]

Sulfur Selenium Tellurium
Atomic weight 32.06 78.96 127.61
Appearance Yellow powder | Metallic powder | Metallic powder
Specific gravity 2.07 4.80 6.24
Melting Point (°C) 112.8-119 2174 449.8
Price ($/1b) 0.1 - 16.00 25.00

2.3.2 Sulfur-Bearing ‘

.--""'" """'--L
Sulfur-bearing chgi 2

source of sulfur for the 4 / \{\\\

used decompose at the j Yer ease radicals which combine
with the chains to form €fos ’
d

2.3.3 Nonsulfur Vulcanizatioit
5,,.

Most nonsulfur vulc#hization ¢

compounds can be used as a

he sulfur-bearing compounds

gto one of three groups: (1) metal

oxides, (2) difunctional compoy ides. Each will be discussed here

separately.

2.3.3.1 Metal %de

Carboxylated nitfiléx butadiene ene-butadiene rubbers may be
crosslinked by tFT m &iinﬁ w @nc@mups on the polymer

chains. This 1nvolves the formation ofgzinc salts of ghe carboxylate gpoups. Other metal

s QAREAT RN 10 ¢

Polychloroprenes (neoprenes) are also vulcanized by reactions with metal
oxides, zinc oxide being normally used. Chlorosulfonated polyethylene (Hapalon) is also
crosslinked in the same general way. Litharge (PbO), litharge/magnesia (MgO), and

magnesia/pentaerythritol combinations are used.
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2.3.3.2 Difunctional Compounds

Certain difunctional compounds form crosslinks with rubbers by reacting to
bridge polymer chains into networks. Epoxy resins are used with nitrile, quinone

dioximes with butyl, and diamines or dithio compounds with fluororubbers.

2.3.3.3 Peroxides

Organic peroxides are usg

contain any reactive group capa ormifig#Cresslinks. This type of vulcanization
. . : J s .
agent does not enter into thespelyme b@dlcals which form carbon-to-

carbon linkages with adja

The peroxide crossliftkifig

1) Better heat stabili
2) Better reversion resis P.F_ =
3) Lower h' £
4) Absence o } iy

S crosslinking through a free

JH

adical reaction. In essence,

thermally liberat ﬁ?ﬁ gjz m n ﬁ) the polymer chain and
then crosslinking 1 Zﬁ ﬂtl 21 ﬁlymer free radicals. In
practice, the reac 1on is more complitated becausg,coagents are @ften used with the

i L BRI AT A S

Peroxide initia
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2.4 Sulfur Donors [18]

A sulfur donor used decompose at the vulcanization temperature and release
radicals, which combine with the chains to form crosslinks. Consequently, this form of
vulcanization procedures products, which resist aging precesses at elevated temperatures

much more efficiently than those produce with normal curing systems.

However, due to the large amoulnts e sulfur donors used, these systems are

Theoretically, tota i\ Y 1ver sulfur donors to incorporate

ct1ve sulfur becomes activate.
‘\ r donors that are required in

\\ d By the active sulfur content.
\t [)

et 0 ‘commercial sulfur donors [18]

with the molecules of rubbe
Practically, this means tha
order to obtain the sam€ cr,
Weight percentage of tqg of commercial sulfur donors

are shown in Table 2.6.

Table 2.6 Total sulfur content 4

Active sulfur (wt%)

DTDM 13.6*

CLD -——_ 111

MBSS E 11.3%

DPTT 333 “ 166
Qs

A | eSS
13 6.6 =diLLLE KT

e QIR TRRNAGN 1§ 8

**Refers t8§ one available S atom (disulfidic structure)

A sulfur donor can be prepared from many organic compounds and sulfur. For
this research, cardanol polysulfide (CPS) used as a sulfur donor type vulcanizing agent is

synthesized from cardanol and elemental sulfur.
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2.5 Vulcanization Stages [1]

The way in which the vulcanization time affects the tensile stress of rubber
compounds at a given elongation shows that vulcanization consists of several reaction
phases: the scorch or onset of vulcanization, undervulcanization, optimum vulcanization,

and overvulcanization. The various stages are shown in Figure 2.6.

Scorch

o
o
|
w0 C
o
0]
§ D
> :
&
L ]
o P —
2 : 1 t of vulcanization
] d of vulcanization
; — » o us
-g = Cain tendencies
el
B A b, Ao e
4
B %ﬁﬂ

d from [1].

2.5.1 Onset of Vul(ﬁiza

This is ﬁﬁ;ﬁa a ﬂfwyﬁcﬁ egins to stiffen, thus
becoming incap O in m tically i caselof afpress cure it is the point
of time at which the compound céases to flowsin the mold.@Depending on the

wicanipi bk kg Bl o) o] £ 6 B

2.5.2 Undervulcanization

This is the stage between the onset of vulcanization and the vulcanization
optimum. It is the stage at which the tensile stress still increases very much with the

vulcanization time. As the degree of crosslinking is still small at this stage, most of the
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properties required in a rubber article are still so little evident that a highly

undervulcanized article is of no technical value.
2.5.3 Vulcanization Optimum

In most cases goods have to be vulcanized to a fairly high degree of

crosslinking. Within the range of tensile stresses which is designated the vulcanization

tensile stress of a relatively high

degree of vulcanization. Nebsmall™the citueS qarer optimal at a given degree of

In the case of na when theivuleanization optimum is exceeded the

crosslinking is reversed at depe n the osen vulcanization system and

~

In connection with e¥erutiles ention should also be made of

postvulcanization whighiéven though it occurs during prolonged storage, e.g. at room

N
temperature. -

I

Whilst the modulys curve is rising 1d1y, vulcanization is occuring. ‘Cure

time” can therefﬂ ﬁwﬂ!}%eﬂm Wxﬁ G}ﬁaﬁihe vulcanization time,

although the defiition of * optlmum cure’ time 1s not so 31mple In the first place,
distincti bi r experimental
process, oirﬁ ﬂnﬂnmmn?ﬂ ﬂjﬁdﬂ der production
conditions. Under factory and laboratory conditions, it has paramount importance to
measure this quantity with the minimum of time and effect whilst the rubber is actually
curing. It is possible to put the uncured stock into a hot mold, transfer to the press, and

heat for the required time at the temperature of cure by a machine which automatically

records the result in a convention form as shown in Figure 2.7.
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-O-_‘-

Cure Rote Index 'I o —"' M,y -No Maximum Curve

Sew ~a .:\\ My - Equilibrium Curve
i

Optimum Cure Time 1, {90}

Torque

Myg-Reverting Curve

d from [18].

\\\ gives a so-called rheometer

2.6 Processing Techniqu
2T

For rubber mixing procCssee—ihe

idely used equipments are internal
mixer, banbury, brabender mi
The objecti LY "-"" e a compound with its

. . . ] . Al o
ingredients sufficiently nl d throug ncorporated and dipersed so that it will process

easily in the subﬁiuent fofming operations. Allso, it is necessary for cure efficiency and

urﬂga Slq ﬂ ﬂcﬁ w&tﬂ ﬂr‘ri'umum expenditure of

machine time and ergy.

Py ANAINIMIANEIALL o

for this research First, the natural rubber and common additives were mixed by banbury

to develop the

except vulcanization ingredients (sulfur, accelerator and sulfur donor), called non-
productive compounds. Then it was mixed with vulcanization ingredients by two-roll
mill, which usually heated at 70 °C. Thus, the long time of mixing should be avoided

because scorching may occur.
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e INCREASE

DECREASE <o

SACK ROLL BAKD

FAST ROLL SLOW ROLL

Figure 2.8 Behavi ~ ilsReproduced from [13].

Sulfur donors h dasviles w\

ing agents for a long time. One of the

oldest sulfur donors is s ichlotds, vhi \\ liscovered in 1846. It makes

vulcanization of thin naturalfubbgrasticles ble¥at room temperature or better at

slightly elevated temperatures (cold/iempera was of little importance because of

poor aging properties/Q Bl ichlgride was improved by use
»d

incorporation with "- ntesSulfur bearing compounds.

One important organic ¢

Para-te ‘ 1"'.‘n 1 the enol sulfide resin, has
been used as am:‘;;md ﬁj nﬁ;ﬁmne ies of rubber. It was
prepared frc -terti ﬁj 1 is i i lﬁ( Ifur dichloride
known Q;Voﬁ?;i aﬂﬁ‘ﬁ mﬁﬁﬁﬁﬁﬁ uE]g alkyl phenol

sulfide as a vulcanizing agent in many ways as shown below:

pound 1s alKyI'phe

In 1947, W. M. George et al. [21] studied the treatment of butadiene
polymerizates, including polymerizates of various butadiene derivatives and
vulcanization of the butadiene polymerizate with the material added to impart tack and

with such other materials as are desired for incorporation in the ultimate product. Phenol
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sulfides were found to be valuable as primary vulcanizing agents in the treatment of
synthetic elastomers. The phenol sulfides which are preferred for practice of the
invention are the tertiary alkyl phenol sulfides that they may be obtained by reacting
sulfur monochloride with a tertiary alkyl phenol. The sulfur contained in the phenol
sulfide apparently enters into the vulcanization reaction, and in cases in which large
amounts of sulfur are made available for use in vulcanization through the phenol sulfide,

sed in the vulcanization. When, however,

in addition to the quantities of sulfur ng

it was recognized that the pheng \ primary vulcanizing agent, and the

quantity of sulfur separate -.L.__;; porated ‘mixture to be vulcanized is
. ﬁ' .

correspondingly reduced or & /- to tak ount of the sulfur available from the

phenol sulfide, it was foungd w tor Q\v\- \~« ce upon aging, elongation at

break and heat embrittle Clusion of the phenol sulfide as

compared to products obtaig€d p¥ / AT ZiREG .‘ .‘ wh1ch the phenol sulfide was
omitted. % 7] ] \

il s d

Then 1976, E. N. Rgberf [ 224 fmirbs dprodessifor preparing chlorobutyl rubber
compositions employs para-teghia L, di \ ide as curing agent. Para-tertiary
{;

P

butyl phenol disulfide was produ® on of para-tertiary butyl phenol with

sulfur monochloride. The reactiom Was- catrie g an_approximately 11:10 mole

ratio of phenol to mofy "# Unde. flias @ Sutiun Lot i e ] ss of about 27 wt% and a
softening point not less #har ﬁally employed alkyl phenol
sulfides, para-tertiary butyl phenol disulfide i 1s a solid substance, which is a non-tacky

brittle solid and Ffﬁ gqrj ﬂ ﬂwﬁs&w mmgorage conditions.

In 1976 - R. Le [23] synthesized fnabéi tertiary amyl.phenol sulfides as
Vulcanlza ﬁ{] ﬂrﬁc rm ﬂ%ﬁff}fﬂﬂxqﬁﬁnde at a mole
ratio of 0.7 to 0.95 of the phenol to one mole of sulfur monochloride. The alkyl phenol
was introduced to a reactor in a molten condition or else it is introduced as a solid and
then melted or at least partially melted before sulfur monochloride addition is started. The
hot liquid reaction product was then flaked on a cooled surface. The use of tertiary amyl
phenol sulfide as a sulfur donor in the vulcanization of rubber is facilitated by its ease of

shipping and handling in a flaked form.
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In 1999, N. Rabindra et al. [24] studied the anti-reversion coagent and sulfide
resin of vulcanization of rubber. This invention was related to the vulcanization process
which is carried out in the presence of an anti-reversion coagent and a sulfide resin and
the use of an anti-reversion coagent in combination with sulfide resin in a process for the
vulcanization of rubber. The anti-reversion coagent comprised at least two groups
selected from citraconimide and/or itaconimide groups. The resulting vulcanized rubbers

have significantly improved mechanical g cat resistance properties.

For the last related litgra i Radeemada [25] synthesized cardanol
polysulfide (CPS) as a sul aﬁlt which was obtained from the
reaction of decarboxylate liquic mental sulfur. It has a sulfur

\\‘\

content about 30 wt%. THE CR§ th nattral.rabber and common additives by
a two-roll mill. The re ¢ Canized 1 S i dibasic mechanical properties

and reduced the reversio
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