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REACTIONS OF HINDERED PHENOLS WITH UNSATURATED
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Submitted for the degree of Ph.,D - 1977

The reaction of hindered phenolic antioxidants , notably 2,6 -

- ditert-butyl-4-methyl-phenol (TBC) and 3,5-ditert-butyl-4-nydroxy-benzyl
mercaptan (BHEM) with rubber has been investigated and the percentage
of antioxidant bound under optimum conditions has been determined. The
byproducts formed during the adduct formation and their effect on the
binding reaction was also studied.

The reaction mechanism involved in both cases has been studied.
It has been found that the BHBM adduct was formed by the addition of
thiol to the rubber double bond and that of TBC by the attachment of
the benzylic carbon atom to the allylic carbon atom of natural rubber,

Tensile measurments, oxygen absorption tests and stress relaxation
measufments have been used to evaluate the antioxidant activity of the
bound antioxidants, Comparison of their performances with commercial
antioxidants has shown that the latter are completely removed under
severe environmental conditions, whereas, rubber-bound antioxidants
exnibit exceptional stability. A major advantage of the rubber-bound
systems, wnich has emerged during the evaluation was their suitability
for the prepgration of bound antioxidant concentrates and the superior
performances of rubbers prepared using concentrated masterbatches
have been demonstrated under severe testing conditions.,

Similar studies were carried out with nitrile-butadiene (NER)
latices and it has been found that NER containing bound antioxidants,
particulady, the BHEM adducts exhibit superior stability to conventionally
added antioxidants, when used in applications where loss of antioxidants
by volat{lisation or leaching or by extraction may occur.
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CHAPTER ONE

INTRODUCTION

The demands made on elastomers during service are continually
increasing. Antioxidant formulations currently in use have been developed
on an empiirical basis and utilising a limited number of selection
procedures. The conventional ageing test methods, such as , the oxygen
absorption test or the oxygen bomb or air oven tests ﬁay be inadequate
under the aggressive condition often experienced by rubbers in modern
industrial and domestic environments. The ability of an antioxidant
to protect rubbers under the high temperature condition of an automobile
or aeroengine particulary in contact with lubrication oils depends not
only its intrinsic activity, but its ability to remain in the rubber
under these conditions, Similar arguments apply to rubbers, which are
subjected to repeated cleansing operation suchas, detergent washing
or solvent dry cleaning, particularly when they are in the form of
articles with a high surface area to volume ratio, such as eg. latex

threads or thin films eg. rubber gloves, garment interlining etc.

lelel Volatilisation and leaching of antioxidants in polymers

The antioxidants used in polymer formulationsare physically
blended with polymers and they may be lost readily either by volatilisation
or by leaching out in contact with water or industrial solvents. Plant
and Scott1 studied the volatilisation of high molecular weight, low
volatile antioxidants (1) in thin polypropylene films at 140°C and the

results are shown in table 1.1



Table 1.1 = Activity of phenolic antioxidants

H
X

CHC&EOR
A

OH
X
H
Ckg gOOR
R Mol-wt
CH3 292
CHA\CH, ) 362
(:1{3(c:1{2)11 446
033(p32)17 530
Tert-butyl p
cresol (TEC) 220

(a)
(b)

()

= cHg
= C.H,,
1283

1837

. @HSJC

in polypropylene at 140lﬂl C

Induction period in Antioxidant
polypropylene in half life in
hours sttream
Closed system Moving air
stream

95 2 0.28

312 2 3.60

420 2 83.00

200 1,65 660,00

140 2 Ce 1l

It is clear from the above table that volatility is a deciding

factor in determining the effectiveness of antioxidants of polypropylene

in an open system. Below a certain limiting molecular weight, this

antioxidant structure is;éffective in a changing atmosphere due to loss

by volatilization. Further, it shows that TBC which is one of the

efficient antioxidant structures known is relatively ineffective

in polypropylene in both closed system and in an open system. The work

carried out by Spatch and cc-worxers2

has shown that the loss of TRC



is much more rapid than that of 2-benzyl-6-tert-butyl phenol and the
effect was much predominant in thin samples than thick samples.

Robinson and Dunn3 found that in styrene-butadi%e copolymer,
TBC and tris phosphite volitalized during milling at 160° G. There are
evidences for the leaching out of antioxidants from finished articles.
For instance, in ityre treads, where significant amountsof antioxidants
are lost by leaching in contact with water cauaing considerable reduction

4=5

in fatigue and ozone resistance’ %

Tels2 Degradation of polymers

The oxidisability of polymers depends on the chemical
structure, composition, the presence of impurities and the externgl
environment to which they are exposed. The presence of double bonds and
of labile hydrogens in the poi@er backbone, accelerate their oxidative
degradation. For instance, cis-isoprene and natural rubber are highly
sufceptible for deterioration. Other than oxygen, the factors which
inflﬁhce the deterioration of polymers are neat, light,mechanical stress,
contamination of metal ions and ozone. Oxidation of polymers may occur
during the processing as well as in service life,

Bevilaqua6-9 has exiensively studied the reduction of
. molecular weight of raw rubber as a.function of the absorption of oxygen
and the formation of chemical entities such as carbon mgnoxide, carbon
dioxide and carboxylic acids including rormic, acetic and levulinic acid.
fde has proposed that the products were rformed as a regult of break down
of rubber hydroperoxide, which was closely related to that proposed by

Bollax1 and Hughes as an oxidation  product of squalene,



CH

3 CH-CH
: 22 c
: RN
RCHzC=0 4 °“OH gH , ;
L *CH=CHR
| N
3002 + 2 Hzo + CH3CDOH CHz\O‘-J- R'COOH
HCOOH
11

It was clear from the studies of Stafford ' that the effect of
Qilling was much more .Jmpcmtant to the subseqent thermal and photochemical
oxidation than was irradiation by weak day light. Oxidation in the absence
of ultra violet light, was accelerated by milling due to the formation
of free radicals by mechanical scission of the rubber molecule. These -
trapped radicals decay over a pericd of months due to disproporhioviation
or recombination reactions. During the milling process, however, hydroper
-oxides are formed rapidly and their concentration will be related to
milling time;

b o o

—CH,~C=CH—CH,~CH,~C=CH~CH,~CH,~ — 2(—CH2-C=CH—<;H

- 2

2 I3

—CH2-C=CHz-CH2—OOH — =CH,~C=CH~CH

Under condition of U,V irridiation, these will act as

photoactivators for the oxidation and since they will be an important



source of' free radicals, the oxidation rate depends ' "énly upon the
total milling time.
=11
Several iv.rc:u:ke::-s‘ll Iha.ve studied the autoxidation of natural rubber

qhs
and they explained it by following scheme, where RH represents the

hydrocarbon.
Initiation;
RH 4 R’
R "+ 02 —_— ROO°*
ROO®* <+ RH —_— ROOH + R®
ROCH > RO* 4+ *0H
The most noticable difference - "4~ between the isoprene and

butadiene containing rubbers is that';‘the former, chain scission is
predominant and the benzene solubility remains high, In the latter rapid

gelation occurs in the presence of oxygen with consequent insolubilisatigté

é'd
Scott has explainnthat singly methylene interupted dienes give hydroperoxi
-de initially and polymerised at an advance stage of oxidation. Doubly

interupted methylene dienes on the other hand give rise to hydroperoxide,

1S

where decomposition;\a.ssociated with carbon-carbon scission.
OH

~C=0=(=C=0= ———> =CaC~CaC-C- ———p COLymer

CO0H

-

~Ca0~C~CC=Cul= —)  =Cu=(=C=C=C=C~ ) chain scission

T I Mechanism of antioxidant action

It is obvious from the oxidation reactions of rubbers that the
inhibition of rubber. oxidation can be achiéved by scavenging the reactive

free radicals formed or by preventing the initiation of RH and can be



achieved by decomposing the hydroperoxide to non radical products.,
Hinderd phenols and secondary aryl amine:are mainly included under

the class of chain terminating antioxidants. These have ability to

transfer their labile hydrogens té the prepagating radicals( alkyl

peroxy and alkyl radicals ), thus terminating the reaction.

ROO* + A piaiey ROOH + A°

24A° =y Stable product

The resulting phenoxy radical has a tendé;y to react with oxygen
or polymer and the rate of the reaction depends on the steric environment
of the aroxy radical. The ease of hydrogen abstraction by alkyl peroxy
is increased by electiron releasing in the phenolic or amine, but the
same electronic characteristics favours the direct attack of oxygen on

the phenolic hydrogen , which:botentialy a chain initiating reaction,
A=H + 0 —————l) A’ + *00H

The second antioxidant process is the preventive mechanism,
which is concerned with the radical initiation process. Preveative
antioxidants include mainly peroxide decomposers, metal deactivators
and light absorbers, Some of the peroxide decomposers are sulphur
containing compounds, such as thiodipropionate esters, metal compgies
of the dithiocarbamic and phosphorus containing compounds. It is clear

from the papers published by Scott and Goeworkars AT 10

that the mechanism

of this class of antioxidants mainly metal complexes destroy hydroperoxide
an

bybicnic mechanism , generally Lewis acid catalysed reactions. eg:



S S0
H ROOH “ H
(R,NCS) M ve ( R N C=5-0-)
2 2 2 1l ZM
0
Metal dialkyl di thiocarbomate Unstable sulphonate
o S
nou 1
R N-C =S =0H e R N-C—0H + S0
2 " 2 2
: l
R N=C=S ROH

Sulphur oxides are effective ionic catalysts for the decomposi
~tion of hydroperoxide., Thus for example cumene hydroperoxide gives
phenol and acetona!4

These two mechanisms interfere at two different position:in the
sutoxidation process, they mutually reinforce one another, leading to

an effect greater than the sum of the effect of individual alone. This

phenomenan © is called aynergiam.

1514 Oxidation of phenols under autoxidation condition

The products of the oxidation of h ndered phenols under autoxidati
-on condition has been shown to be due to the initial formation of a
phenoxy radical Icllowed by subseguent reaction with other free radicals,
either the same or different, which may be present in the system. The

1,? h&S

work of Boozer Ashown that initialy formed phenoxy radicals react with

hydroperoxy radicals and méd4ﬁ3 in. the following end product.



The most important fufction of phenolic antioxidants is to remove
chain propagating alkyl peroxy radicals., According to above investigation
a new type of peroxide is formed, which is fairly stable at low temperat

-ures, but at high temperatures it . hemolysgs , causing initiation.
AQOR e RO® -+ AQ°®
RO® AH er—— ROH <+ A®

This may be one of the reasons why phenolic antioxidants are
comparativly ineffective at high temperatures, whereas sulphides and other
antioxidants are effective.
Waters and his co—workergsﬁg.ge examined the products of the
- oxidation of phenolic antioxidants by isolating them from the products
of cumene oxidation at 800-1000 Cy, The two main class?of compounds

identifiea were the dibenzyl derivative and the 4-hydroxy ketone,

_ OH
Ty ; R,
o $Q b
R/
7 2 COR

It was observed by electron spin resonance studies that the
primary product of the oxidation of phenol was an aryloxy radical. There
was evidence that the ortho-tert-alkyl group has a marked stabilising
effect upon the primary phenoxy radical in the absence of oxygen and on
the subsequent electron transetey : reaction involved dimerisation or

" : 21=22
dispropoyt onalion-= reaction.



Waters' 7 has pointed out that unlike the ortho and para
positions in the benzene nucleusa, the para - -methylénic position is not
conjugated with the unpaired electron and he has proposed that the
hydroxybenzyl radical must be an intermediate possibly by direct oxidation
of the methyl group. Becconsal,etyalz1 have identified stilbene guinone
as the major product of oxidation of(2-6-di-tert-butyl-4-methyl )phenol. )
and have suggested that p-quinone methide is.. an intermgiiate, Filar23

attempted to prepare quinone methide by the oxidation of tert-butyl cresol,

but 5 endfdup with stilbene quinone.
?H 0
tBu 1By t8u Bu
Z - A, 2
CH CH
3 3

OH
tBu Bu tBu, Il gy
<€
.
CH,

tBu 1Bu

= LH CH: 0 «HO —CH-—C H—— OH

tBu gu (Bu t8u
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1.2.1 The need for persistant antioxidant system

Three factors.affect antioxidant performance in a polymer.T' <%
The first is the intrinaig activity of the antioxidant functional group
on molar basis. The second factor is the ciﬁatability or sglubility and
possibly the ease of migration of the antioxidant, The last factor is the
ratéflosa of antioxidant through the process of volatulisation, extraction
ete.

Asaresult of rapid migration and wolatility, physical loss of
antioxidants may reduce the efficiency of the stabiliser system causing
deterioration of the polymer. Under aggressive environments and particulary
in high surface area to volume sample, these two factors decide the service
life of the finished articles, Several apprd%hes have been made during
recent years to overcome this problem. Soméffhese are,

1. The use of high molecular weight antioxidants,
2, The chemical binding of an antioxidant to the base polymer
during compounding or wulcanisation.
3. Chemical modification of the base polymer so that a 3
suitable antioxidant can be bound through reactive fuctional
gToup.
4., The chemical binding of an antioxidant to the base polymer

before vulcan ¢edion

16242 Macromolecular Antioxidant

In recent years,experiments have been carried out on polymeric
antioxidants, mainly centered on vinyl based antioxidants., These
|
antioxidants were incorporated to the existing polymer by copolymerisation

procedure using a suitable free radical initiator or by adding polymerised

antioxidants,
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Since chain breaking antioxidants function as free radical
scavengers, they must be expected to prevent polymerisation by a free radical
initiator. In fact initial attempts to co-polymerised monomers having
antioxidant substituents failed. However, using highly purified monomeric
antioxidants, fewer problems were encountered in free radical initiated
polymerisation. Ladd25 has reported that the co- polymerisation of
phenolic substituted monomers in SBER system using 2-2%-azo-bis-isobutyro-
-nitrile (AIBN) as initiator, Kltiner26 observed that some monomers,
containing sterically hgndered phenols * could be co- polymerised with
free radical initiators, such as azo compounds and certain organic
peroxides., The more commonly used initiators, such as hydroperoxide used
in redox systems, benzoyl peroxide and tert-butyl peroxide, were reported
not to initiate polymerisation, because the aryloxy and alkoxy radicals
preferentially abstracted the hydrogen from the antioxidant substituents
of the monomer, instead of initiating the polymerisation. The reactivity
of azo compounds and unreactivity of some peroxides were explained by
ScattzT, as follows.

Azo compounds on decomposition, form resonance stabilised

radicals, which tend to be stabilised by oxidation.

|R2 M IRZ
RT_ci. _— R1—c] +
R 81

These radicals weuld therefore, initiate the polymerisation of
monomers,rather than abstract a hnydrogen from hindered phenols, The
more powerfully oxidising free radicals such as , hydroxy, alkoxy, and

benzoyloxy are stabilised by reductive processes,
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RO* <+ e —_— RO—

This principal accounts for the high reactivity of phenols
and amines etc, as reducing agents towards alkoxy and alkyl peroxy
radicals and of quinones, and nitro aromatic compounds etc, as oxidising
agents for alkyl radicals,

Similar observations were made by Kato and co-worker328 that
2—2'-a zobisisobutyronitrile (AIBN), but not cumene hydroperoxide could
be used as an initiator to polymerise styrene, maleic anhydride or
methylmethacrylate with a vinyl monomer chemically attached to hindered
phenol.

The preparation of monomeric antioxidants was. studied by Kliner
and Millerzs. Polymerisable antioxidants of the amine types were prepared
by acylation of p-aminodiphenylamine and of p=hydroxidiphenylamine with

chloride of - unsaturated acids, For example,

@NH@—NH; CP—CCCC1—> { >-\1H© NH-COC= c..

Unsaturated acid chlorides were also used %o prepare
polymerisable phenolic antioxidants by acylation of 2-6-ditert-butyl
hydroquinone, 2-6-ditert-butyl-4-amino phenols, 3-5-di-tert-butyl-4

hydroxy phenyl alkenols and 3-5-ditert-butyl-4-hydroxyphenyl alkylamine.
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The antioxidant activities of these compounds were determined
by oxygen absorption tests and better ageing resistance was reported.
The use of antioxidant monomers to build effective stabilisers with
polymers, has particular significance to nitrile rubber. The commonly
used antioxidants are readily removed from the nitrile rubber products,
especialy oil seals by leaching, volatilisation, and other aggressive

30

conditions. Meyer and co-workers”  were able to co-polymerise butadiene
acrylonitrile and 4-aminophenyl methacrylamide with tert-butyl hydroperoxide
-ferrous sulphate initiator system. Differential thérmal analysis

(DTA) and oxygen absorption tests were used to study the stability of

bound antioxidant polymers. Itwas observed by DTA that the antioxidant
bound polymer did not change whether extracted or not, whereas,
conventionally stabilised commercial nitrile-butadiene and specially
stabilised heat resistance nitrile-butadiene polymer changed dramatically.
This was furthur confirmed by oxygen absorption tests. It is clear from

the following table , the NBR containing bound antioxidant is far

superior to conventionally stabilised polymer.

Oxygen absorption of extracted and non-extracted NER polymer
Sample Non-extracted Extracted
Hours to absorbed to 1% 02 Hours to absorbed 1% OE
Medium NBR with conventional
antioxidant (mixed alkylated
diphenylamine) 250 10

Medium NBR with bound

antioxidant 675 620
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These workers have reported the antioxidant bound rubbers exhibit.
superior heat/aged resistance at much low level of antioxidant. This
L
cleary distinguishes the advantage of chemically bound antioxidant

with polymers.

125D Rubber Bound Antioxidants

The logical approach to prevent loss of antioxidants from the
rubber article by volatilisation, leaching and other aggressive environment

-al condition is to attach a suitable antioxidant to the rubber back

bone at reactive positions. This could be achi&ved either by reacting
at the latex stage or in solid phase , during compounding or wvulcanisation

Several attempts to attach antioxidants to rubbers during -wulcanisation

31

have been reported., Cain and co-workers

1he
antioxidants to rubber through reactive nitroso group. - The

were successfull in attaching
‘activity of added conventional Sec—alkyldiphenylamines;ibst during
solvent extraction, whereas the activity of rubber bound antioxidant wes
relatively uneffected by solvent éxtraction. The results were confirmed
by oxygen absorption tésts,

Activity of Sec~-alkylaminodiphenyl amine antioxidants

Antioxidant structure Time to absorb 1/ 0, at 100°¢
in hours
Before extraction After extraction
NH— NHCHCH )
@ @ 32 47 R

1

T2

(O}-—HH-— O/\.. NI CH 59 53
RS )

3
(|:H
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The mechanism of the reaction of the nitroso compounds with natural

rubberlduring the vulcanisation process has been studied in model

: the Leen
compounds and mechanism hashshown to be as follows,

-./l%/\ -+ 0=N Ny, —~—— /“k[/\

NOH
I
| z////// Ph-NH-Ph
<;;;:L\\\T,///~\\\ _+- 'C;;J\\\WT///\\\“
NH +i\lLo_
ir |
NHFh NHPh

The 1,3cyclo-addition of nitrones to the double bonds in elastomers
also provides a general technique for introducing an antioxidant group
into rubber molecuje. This technique has been successfully applied to
cispolybutadiene and cis-polyisoprene during vulcanisation of vaﬁéty

32

of curing systems” ",

0
t
R=N=CH R, + —~CH =~CH=CH=CH, - —— ~CH,~CH~CH=CH,~
2 2 B v AR e
0 /CH—R1
b
R

The antioxidant functions were introduced throug R and R1 groups,
m
The activity of the bound antioxidants were compared with comercial

arylamine antioxidants before and after extraction.

4y
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Table 1.2

Comparison of nitro-amine bound antioxidants with commercial amine

antioxidants (10~

Nitrone

RFNECHFR1

N
0

Bound system

4

molfgm) in cis-polyisoprene.
Time to absorb 1/ 0, at 100°C

in hours

" Unextracted Extracted

‘/”N 9
{ H i 30 7.0
N

; "”— N 39 5.0
L™

@\ g 73 12.0
( : —

=N - ,
O; PEN 63 0.8

(O >—NH—\Q/>-NH1 PR 76 1.0

control (no antioxidant ) 3.0 0.8
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From the above results, it is clear that bound antioxidant systems
retain their activity after extraction and show superior effect when
compared to conventional antioxidants

The main disadvantage of the arylamine type antioxidants is that
the diacolouration of the finished products and this limits its use to
black rubber compounds. But hyunderediphenol nitrones were found to
react with rubber during vulcanisation with lowerfgi discolouration,
this again showed superior antioxidant activity to thét of conventional
antioxidant in " jseprene rubber after extraction. Both antioxidant
systems affected thé vulcanisation characteristic of conventional

cis-isoprene vulcanisates, cured with a typical delayed action accelerator,

cyclohexylbenzyl - sulphenamide (CBS) at 140° C.

1.244 Chemical Modification of polymersas a base for antioxidants

As an alternative method, reactive pendent groups were attached
to rubber,sothat they were able to react with substituent groups of the
antioxidant. For example, epoxy groups were introduced either by direc;
epoxidation or by co-polymerising a compouné such as glycidyl methacrylat
with the rubber, These were then reacted with emines such as p-aminodi-

-phenylamine or napthylamine and with phenols such as 2-6ditert-butyl-

4-hydroxy methyl phen0133-34.

s 2HN© £

s CH=C H—C H—C e~
2 2

(4%
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A similar antioxidant function has been attached to a co-polymer of

butadiene and methacrolein by reacting with aniline and 2-6-ditert-butyl

phenol54

‘ ) 2

C*j(‘: CHO -+ A
O — o
k-2 N ——— SR e 8 L ke
(% — oe-on-tend )

CHi
o N
WH, 2

Polymers such as, butadiene/ acrylonitrile and methacrylic .acid

terpolymer . chiorinated and . then able to react with amine such as,
p-aminodjphenylamine or with substituted phenols such as, 2-6-ditert-butyl

=4-hydroximethyl phenol and following polymer bound an$ioxidani§ were

obtainedjs.
/ <_\ | : =
HN@ NH O ——>CHC—-CO-NH/O 1\1H-</>\)
2 5] \ \E::_//
CH
% Y
|
C}-ji(‘)COCl -
CH
12
X

)

CH
| 2 A

X
| |
TOCHE(GS_OH — C‘?f(}OOCH-—'




The disadvantage of this technique is that the involvement of sequence
of reactions, which in fact, may change the physical and chemical
properties of the original polymer. Such -reaction procedures may be

impossible to carry out without deteriorating the existing rubber molecule.

1225 Antioxidant modification of rubber latices

Vinyl antioxidants of the type shown below can be successfullly
grafted into the natural rubber molecule in the latex phasess. The
principal involved is similar to that employed in the grafting of
conventional moncmers to natural rubber or polybutadiene and by the
appropriate choice of redox system a high level of bound antioxidant
activity can be acheived,

OH (a) Ry= Ry= t3u (DBBA)

R\\r//L\\(/R (b) R1=tBu . 32=Me
"O (¢) Ry= R =e

CHOCOCH=CH,
&

In ouer to demonstrate that the effect obtained was not due to the
formation and binding of a homopolymer of the vinyl antioxidant, poly
DBBA was incorporated as a conventional antioxidant., This was found to
be relatively ineffective as bound antioxidant.

Further more, the oxygen absorption curves of vulcanised and extracted
rubber containing known amount of bound DBEA was compared with that of
vulcanised rubber containing DBZA as an additive but without extraction.
The effectiveness of the two aniioxidants was almost identical, indicating
that the binding to the rubber back bone has no significant effec* on

antioxidant mobility . This led to conclusion that reduced mobility
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of the bound antioxidants does not significantly affect antioxidant

behavior., It seems probable that the lateral movement of the polymer

chain gives adequate mobility to the rubber bound antioxidant molecule.
Fernando®® carried out a similar investigation with 3,5-ditert-butyl

-4-hydroxybenzyl mercaptan (BHEM ) with natural rubber using AZBN??hitiator.

The main disadvantage of the process developed by him was that chloro

benzene used as solvént for AZBN, due to its incompatibility with water,

limited its use in latex.

Recent work on ABS bound stabilisers based on thiol (11) and
a hydroxybenzophenone (111) U.V stabiliser given below, shows a remarkable
effect when compared to conventional antioxidants and U.V stabilisers

in ABS.

s
& i

OCHCH OCOCH SH
2. % 2

Hydroxy-benzophenone U.V stabiliser (119)

OH

CHSH
2
3,5=-ditert-butyl-4phenoxy-benzyl-mercaptan (11)-
The table 1,2 illustrates the superior performances of the thiol

adduct (11) and the bound U.V stabiliser (111).
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Table 1.2

Comparison of bound stabilisers with conventional stabilisers

Stabiliser Concentration U.V degradation(a) Thermal oxidation
(p)
(g o Before After Before After

extraction extraction extraction extraction

Conventional additives

Commercial ABS

(phosphite stabiliser)

Unknown 26 x 175 x
Uv 531 1.0 42 x 20 b
BHT 1.5
+ 66 26 170 40
Uv 531 1.0
Rubber bound
1 15 52 50 850 850
) 6 i 16D 56 48 45 30
11 1.0
+ 110 108 650 -545
114 1.0
1 1.5
+ 143 140 850 850
111 1.0
Control
(unstabilised
ABS) - 22 x 20 x

s stability essentially that of the unextracted control

(a) embrittlement time (hours)

(b) IP at 100°C in air (hours) { 2P = Tuducliow f%ftﬁﬁ)
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The superior effects of bound UV stabiliser are due not only to the
auto-synergism between a chain breaking antioxidant (phenol) and a
peroxide decomposer (sulphide), but that also due to the auto-synergistic
effect of a UV absorber (benzoPhenone) and a peroxide decomposer
(sulphide) (111), when present in the rubber molecule. Furthermore,

it was shown that these polymers had much superior thermal stability

to that of conventional thermally stabilised ABS.
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1¢3.1 Graft Co-polymers from natural rubber

During last few years research has been carried out to graft
polymerised vinyl monomers with natural rubber latex. Successful’
polymerisations were reported by using water soluble catalysts such
as , persulphates or organic hydroperoxide?8 The grafting of acrylonitrile
in natural rubber , with the object of preparing oil resistance rubber,
was first investigated by Le Bras: and co-worker339, They observed that
the polymerisation was retaﬁéd by ammonia, Much latev - this was overcome
by using a different catalyst system normally a hydroperoxide activated
by an activator such as , polyethylene polyamine4o.(PETA)

are in
There,three main types of radical intermediates. ;. the system of
vinyl monomer, natural rubber latex co-polymerisation,

1). those derived from initiator ,denoted I°,

2). ‘those produced by the polymerisation of monomer ,that is

polymer radicle Mn and
3). those derived from the rubber molecule RH, H indicates
a labile hydrogen atom.,

Two ways of interaction can produce rubber radicals,

A. Addition of radical to the double bond in RH

I* 4+ RH P —— I- RH

L]

- ________} L
M -+ RH Mn RHE
B. Removal of hydrogcn .atom from RH

% = RH e IH + R*

M, + BRI = — M-H + &R
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The newly formed free radical centers on the rubboer molecule may

react either with a monomer radical or with a polymer radical.

. monomer or polymer radical
[ -RH iy I-RH-Mn
. monomer
M -RH 4 M -RH -M
n n n

polymer radical

R* — s R =M
n

All these reactions lead finally to a compound in whizh the vinyl polymer
chains are chemically bound to rubober. The basic structure may be

represented as,

Vinyl polymer or monomer =——--
on
The properties of these grafted co-polymers depend (2 ) the type of the
monomer (b) the lengtn of polymer chains (c) the number of polymer chains
per rubber molecule,

Bacon and co-workers41 have successfully co-polymerised common vimyl
monomers with natural rubber latex, using tert-butyl hydroperoxide and
polyamine activator. The hydroperoxide was dissolved in the monomer and
was then added with stirring to a diluted latex containing stabiliser.

The activator, polyamine ,usually Poh&etraethyléfpentamine was added
after c&bletion of the dispersion, because it was necessary to allow
monomer to diffuse into the rubber particles, The polymerisation was
completed witn ing r'ew hours at room temperature,

Another technnique developed by Sekhar42 involved the use of catalyst

formed in the rubber in situ, the latex was a€yated by rotating a half
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filled container for few days , and the product found to be able to
initiate polymerisation of a range of monomers, without the addition of
hydroperoxide, but in the presence of small amount of ferrous ion or
polyamine activator. He considered that the reactive sites were formed

on the rubber molecules, probably being hydroperoxide in nature,

1.3.2 Redox initiators used in Emulsion Polymerisation

Redox initiators are mainly used in emulsion poiymerisation of
vinyl monomers. The essential feature of the components constituting
redox pair for agueous polymerisation is their. stability in water and
a fairly fast, steady liberation of active radicals in the agueous phase.
Redox initiators can be classified into five catggaries, a) Peroxide
systems b) Peroxidisulphate systems c) Redox pair involving metal ions
d. Miscellaneous redox systems e) Electrochemical initiation.

16363 Peroxide systems

The simplest water soluble peroxide is hydrogen peroxide and

classical redox pair containing this substance is Fentons Reagent43_45

This has been used by Bendal at al, in the polymerisation of methylmethac
-rylate, methyl acrylate and acrylonitrile., Usually an effective redox
system contains a reducing agent, which cleaves the 0-0 bond of the

peroxide intp its radicals

2t

L

=

+ R-0-0-H —_ Wt 4 RO*4 OH™

aw used
Other than metal ions, some polyamines as reducing activators to cleave

the peroxide at lower temperatures. These amine activated peroxides are
effective in polymerisation of monomers at low temperatures. It has been

shown46 that the essential features of polyamine activators are 1) the
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presence of amino groups of different degree of substitution in the amine
molecule for example, primary and secéhary amino groupsor primary or
tertiary amino groups,2) separation of amino group by not more than two
carbon atoms. The most common polyamine used in emulsion polymerisation

of vinyl monomers is poly-tetra—ethyl%?pentamine (PETA).
NHZ( CH,- CH, - NH -CH, -CH,- NH )2

1.3.4 Feroxidisulphate system

Peroxydisulphates form powerfull redox initiators in combination

+ -~
with one of the metal ions such as , Agﬁ Fe2:Cu? Tij,; complex ions such

as, ferricyanides, cobalt complexes; various reducing agents such as

hydrazine, hydroxylamine, hydrogen sulphide, thiols; salts of various oxy

49-52

acids of sulphur and polyhydric phenols . All the redox pairsof the

above type probably first form; a complex, either with monomers or other

constituents and then oreaks into its component initiating radicals.

* ; i ;
For instance, Cu2 used in polymerisation of acrylonitrile, first involves

reduction to Cu' by monomer, and them dissociating into its radical

53

species””,

+ - 2+ -2 ey =
Cu + 8208 R Cu + 804 + a04

A similar mechanism probably holds for other metal ions. Regarding
the peroxidisulphate, oxyacids of sulphur combination51, a good deal of
attention has be:n directed to the redox pair 8208-2 and 8204-2 . It was
found by tracer technique that polytetrafloroethylene made using this

initiator contains sulphur as a nonhydrolysable end group., Studies using

a dye technigue in the presence of methyl methacrylate as monomer ,showed
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L
the presence of both hydr&?able sulfate and non hydrolysable sulphonate
end groups. The initiation mechanism proposed was similar to tae Haber

Weiss type reaction.

-2

e *S0,” + HSO

5,07 4 HSO,” —— S0 : :

278
In the case of peroxidisulphate alone complexing should be .by;.water
molecules, and this probably accounts for the extensive occurf;ce of
hydroxyl end groups in polymers in the presence of the catalyst.
-2

o -.-, -2 : - - - —
8,04~ + HO —> (5,07 BQ) — HSO, T4 "OH + "S0,

Fe D Redox pair involving metal ions

The initiating radicals are formed only in the presence of
suitable metal ions. One such example, is the polymerisation of acrylamide
in the presence of ceric salts such as sulphate and nitrate in combination
with alcohols, glycols, aldehyde or amine as reducing agents54. The
suggested mechanism is given below.

M .
Ce4++ A — B e— 035+4- 'R+ Ei+—> RM etc

Where A is the alcohol molecule, B an alcoholic ion complex, R the free

radical formed and M is the monomer. Similary manganic (3% pyrophosphate
25

in conjuction with glycols, aldehyde , ketones, carboxylic acids and phenols

used as initiators in tne polymerisation of vinyl monomers.

56

Coopers studies showed that methyl methacrylate can be polymerised

using diazonium compounds such as p-nitrobenzene diazonium p-chlorobenzene

~
- . - o
sulfonate and metal ions such as Fe .
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RN2 or R* « M —_— RNEE or RM®

Where RN, is the diazonium salt and M is the monomer,

2
Menon and Kapurss were successful in polymerising methylmethacrylate in the

presence of oxygen. The initiator used was Cu2+-hydrazine hydrate. Tpey

suggested that the hydrazine was oxidised by Cu2

then the
initiated the polymerisation and,molecular oxygen reoxidised cu"to Cu

+ . A ;
to N2H3 radical, which
2+

-

2+ + e
N2H4 + Cu —_— N2H3 T 0] # H

1.3.6 liiscellaneous Redox systems

Inzymatic redox pair initiated agueous polymerisation has been

58

reported by Ferrano” and shown that xanthane oxidase (X0) in the presence
of formaldehyde,initiated the polymerisation of methyl methacrylate (M).

The rasaction was completely inhibited by the traces of oxygen.

X0 + 0112(011)2 —_— XOH +CH2(OH)O‘

XOH + M S— A0 + e

CHE(OH)O‘ + M S———c HCOOH - Ha*

Otner complex system of initiators, which have been used are NaClﬁB—

Na2803 redox pair in acid39, for the pclymerisation of acrylonitrile and

acrylamide, £Mn0,-oxalis aciad redox pair for vinyl momumer polymerisation.

4
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Inthe secona system, end group analysis showed that the bresence of carboxyl
-ic end groups. The polymerisation took place even after the disaﬁ;arance
of Mn5+ ions, wanich was attributed to the formation of a fairly stable
complex containing thé oxalic acid radical that would act as a steady
source of initiating radical.

i Taltl Electrochemical Initiation

Kolthoffso polymerised acrylonitrile in poor yield by partial elé?rolytic
reduction of 82082-,hydrogen peroxide and cumene hydroperoxide, However,
3+

in the presence of Fe”" ions, high yield of polymerisation taken place,
possibly because of tne generation of Fe2+ by eléﬁrolitic reduction,
which then formed a redox pair with H202 ,82 8-2 or cumené hydroperoxide.
Vinyl acetate, vinyl chloride and methyl methacrylate were polymerised

at the anode by Smith at 31,61 using Kelbe,s process. They suggested the
formationignitiating radicals such as methyl anc acetoxy radicals during
electrolysis. Initiation at the cathode is cﬁberntively easier than

" .
at the anocde due to tne presence of oxygen at the anode particulary in

aqueous medium, =
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Object and Scope of the present work

One of the main objectives of the polymer industry in recent years
has: been to establishcy better quality products with long service life,
As discussed in the last chapter this can be achiéved either by incorpora
-ting polymeric antioxidants or modification of the polymer to produce
bound antioxidants.

In the latex industry most of the rubber products lose their
oxidative stability during their service life resultiné?poor physical
properties, The possibility of reacting an antioxidant with the preformed
polymer infiatex stage is therefore of considerable practical interest
to the producers .and the users of rubber latex. Scott and co-workers
were successﬁull in grafting antioxidants to natural rubbober latex and

Tle L
the presengfis a continuation of the work done by Amarapathfrand FernandéD
on this topic. This study is concerned with the chemistry of the
antioxidant binding process and with tne antioxidant behavior of the
rubber—bbund antioxidants in technological systems.

’ The final object is to investigate the effect of similar bound I
antioxidants in synthetic rubouer latex, such as, nitrile-butadiene
rubber and styrene-butadiene latex. NER latex is used for the prodéﬁion
of dipped goods, rubver threads, foam rubber, binding of textile fibers
in thne production of non-woven fabric of all types requiring good
resistance to ageing and solvents; It is also used in the binding of
mineral fibers for example, asbestos in the production of seals,couplings
and breke¢ linings, impregnation s proocfing and lamination of fabrics,
production of can sealing components .and oil seals. One of the main
drawbacks of these products is their poor rerformances under thas service
ageing condition round in practice and this results in poor physical
properties and short service life, Grafting a suitable antioxidant to

HER latices, snould increase the service life of such finished products.
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CHAPTER TWO

SYNTHESIS OF ANTIOXIDANTS

2.1.1 3,5 - Ditert - butyl - 4 - hydroxy - benzyl acrylate

U-¢g— 9

GHOH CHOCOCH:CH
2

The method used in the preparation was the one described
by the Shell International Research(63'65)

53.%3 mls (0.140 moles) of formaldehyde (7.5% solution
of formaldehyde in tertiary-butyl alcohol), 50 mls (0.128 moles)
of 2,6-ditertiary-butyl phenol (500 gms in 1000 mls of tertiary
-butyl alcohol) and 14 mls of potassium tertiary-tutoxide (50 gms
in 1000 mls of tertiary-butyl alcohol) were mixed at 20 ¢ and
stirred under nitrogen atmosphere for twenty minutes.

The mixture was then poured into excess of ice-water and
two layers were formed. The solid formed was filtered, stirred with
n hexane and then filtered. The product was rewashed till the
reddish colour disappeared and white crystalline solid was obtained

if M. P 137°%.

T.R data

Free phenolic OH 3620 cm'1

Hydrogen bonded OH 3500 !
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N.M.R. data Cdc14)
Aromatic protons 2.9 7 singlet
Phenolic protons 4.9 7 singlet
Methylene protons 6.4 T singlet
Tert butyl protons 8.8 | singlet

Mass Spectrum shows a parent peak at 236,

2eil o Tal 345 - Ditertiary - butyl - 4 - hydroxy benzyl alcohol

with acrylic acid(Sﬁ'sg)

A mixture of 47.2 gms (0.2 mole) of 3,5 ditert butyl-4-
hydroxy benzyl alcohol and 130 mls of acrylic acid was warmed gently
in a steam bath until it was dissolved completely. Then 10 mls more
of acrylic acid,  contdining a drop of conc. Sulphuric acid was
added. The reaction was carried out for 6 hours and was then poured
into water.

The organic phase was extracted with ether and the remaining
acrylic acid was removed from the organic phase with aqueous sodium =
bicarbonate. The ether layer was dried over anhydrous magnesium
sulphate, filtered and was then evaporated. The residue was recrystalli-
sed from 500-400 petroleum ether gave yellow powder. M.P. 67-6900.

Yield 18.0 gms

Mass Spectrua data - parent peak at 290

I.R data
Free phenolic QOH - 320 cm”
Ester carbonyl - 1710 cm~

Vinyl double bond - 1640 cm”
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N.M.R. data

Aromatic protons - 2.9 1 singlet

Vinyl hydrogens - 3.6 - 4.5 Tmultiplet
Phenolic protons = 50 I singlet

Tertiary butyl protons 8.6 T singlet

Methylene protons - 6.3 T singlet

241.2 _3 - 5 Ditert - butyl, -4- hydroxy benzyl mercaptan
' OH OH

Procedure : CH?,S H
i) 3 -5 - ditert - butyl - 4 - hydroxy benzy_l chloride
OH H
X X X
® E R
CHL

206 gms of (1 mole) 2,6 - ditert - butyl phenol was taken
in a 1 litre round bottom flask and 120 gms of paraformaldehyde was
added to it. 500 ml of 35 - 36 % hydrochloric acid was poured in and
the mixture was stirred vigorously using a fast rotating electric
motor. Dry hydrogen chloride gas was bubbled into the mixture for a
period of seven days at a rate so that the escape of unreacted HCl
kept to a minimum., Then the reaction was left for 15 hours and HCl
gas was again passed for another two hours. During this time the colour
of the mixture became orange and was found to be cartinogen, The
mixture was allowed to settle,the oily layer was seperated, and then
repeatedly washed with distilled water. Ether was added to it and was
again washed with 2% sodium bicarbonate followed by distilled water to

remove free HCl acid. Then the mixture was dried over anhydrous sodium
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sulphate and the solvents were removed on a rotatory evaporator.
This was further purified by vac um distillation and the fraction
boiled, at 128 - 130°C at 1.5 - 2.0 mm pressure was collected.
Yield 70 % .

I. R. data

Phenolic OH 3620 cm'1
Mass spectrum
. peaks at 254 and 219
N.M.R. data
Aromatic protons 230 7 singlet
Hydroxyl protons 505 7 singlet

Methylinic proton (cazcl) 6.40 T singlet

Tert butyl protons 8.6 1 singlet

2.1.2.1 ii) 3 - 5 - ditert - butyl - 4 - hydroxy benzyl mercaptan

5.8 gms of magnesium hydroxide powder was taken in a 500
ml round bottomed flask and 200 ml of N,N dimethyl fgg%ide was added
to it. Hydrogen sulphide gas was passed into the mixture for 30 =
mimites while it was stirring. 22.5 gms of 3,5 ditert - butyl - 4 -
hydroxy benzyl chloride was dissolved in 50 ml of technical grade
hexane fraction and was added slowly to the mixture. At this stage
the rate of addition was controlled to prevent yellow coloured
sulphides. The mixture was allowed to stand for 90 minutes and was added
into ice cooled water. The organic layer was separated by ether
extraction , dried over magnesium sulphate and was then concentrated.
The product was vacuum distilled and the fraction distilled at 128 -
131°C at 1.0 mm pressure was collected.

M. P. 28°C Yield 64.0 %



Spectral Analysis
I. R. data

Phenolic OH 3620 cm

Thiol (SH) 2560 cm”

Mass Spectrum
Parent peak appeared at 252 and 219

N.M.R. data

Aromatic protons 2.96 1 singlet
Phenolic protons 4.9 T singlet
Methylenic protons 6.4 1  doublet
Tert - butyl protons 8.6 T singlet

Peak for - S - H - interfere with Tert butyl protons

2.1.3 Bis (3,5 - Ditertiary - butyl -4- hydroxy benzyl monosulphidesb¥ :
?P%
: X
2 @ + NaS§ —— / CHSCM &O OH
\/ 3 \
o X
C}?;;

The starting material 355 ditertiary butyl - 4 - hydroxy
benzyl chloride was prepared as déscribed in section 2:1:2. In a
reaction vessel equipped with a heater, thermometer, water cooled
condenser and a stirrer, a mixture of 19.2 gms of sodium sulphide
was dissolved in 15.0 ml of water, 120 ml of isopropyl alcohol, and
50 gms.of 3,5 ditert - butyl -4- hydroxy benzyl chloride was refluxed
for a period of two hours. The mixture was allowed to stand for 48
hours, solids were filtered, washed with water and dried. The product
was recrystallized with iso~octane and methanol and yellow product

was obtained. M. P. 142°C -
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Phenolic OH 3640 om” !

N.M.R. analysis

Tert butyl protons 8.6 T singlet
Phenolic protons 5.0 7 singlet
Aromatic protons 2.9 1 singlet
Methylinic protons 6.4 1 singlet

2+1+4 Synthesis of bis(3 , S5-ditert butyl - 4 - hydroxy benzyl

di sulphide

HSH

The pre%aration of benzyl mercaptan discussed earlier .
A mixture of 25.3 gms of 3,5-ditert - 4 - hydroxy benzyl mercaptan,
100 ml of benzene and 25 ml of water was shaken vigorously in a
round bottomed flask and a solution of 25.4 gms of iodine, 100 mls
of benzene and 25 mls of ethanol was slowly added from a dropping
funnel. When the colour of the solution turned slight brown, addition
of iodine was stopped, and the organic layer was separated, dried
over magnesium sulphate and was then congentrated. The solid obtained
was recrystallized with benzene and petroleum ether and light crystals
of M.P. 168°C was obtained.
I.R. data
Phenolic OH 3620 ca”|

Mass spectram

peaks appeared at 502, 251, 219.
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N.M.R. data

Tert-butyl protons 8.6 | singlet
Phenolic protons 5.0 T singlet
Aromatic protons 2.93 7 singlet
. Methlenic protons 6.4 | singlet

2.1.5 3 5 5-ditert butyl - 4 - hydroxy benzyl - thiol glycolic

egster

i
- X

X
;O + HO@CCHZSH —— HO CHOMOCHSH
2

CHOH A

A mixture of 47.2 gms of (0.2M) of 3,5-ditert - butyl - 4 -
hydroxy benzyl alcohol and 15 gms of (0.2M) of thiol glycolic acid
was dissolved in toluene. The mixture was poured into a round bottomed
flask, filled with a reflux condenser with a side tube to collect
the water produced during the reaction. Temperature of the mixture
was maintained at 100°C. To the above mixture, 5 ml of thiol glycolic
&ud. - containing one drop of concentrated sulphuric acid was added.
The solution was allowed to reflux for 8 hours and was allowed to cool.

The organic phase was extracted with ether and the excess
acid was removed by washing with distilled water followed by agueous
sodium bicarbonate solution. The organic phase was dried over anhydrous
magnesium sulphate and the filtyale 3 was evaporated. A white solid

powder was obtained. M. P. 78°C Yield 95 % .

I. R, data

Phenolic OH 3620 cm” !

Thiol - S - H 2560 e !

Ester carbonyl 1710 ™!
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N.M.R. data
Methylenic protons attached to ester

6.2 T doublet
function and thiol

Methylénic protons . T SR singlet
Aromatic protons 29T singlet
Phenolic protons 5.0 T singlet
Tert - butyl protons 8.7 7 singlet

2.1.6 Synthesis of 3 ; S-ditert - butyl - 4 - hydroxy benzyl - thiol

propionic ester

OH %
+ HOOLE H2C HZS H —— H O@z‘(ﬁ ?-’i)OC oC HZC H25 H

y 2

CHOH
2
3 5 5 - ditert - butyl - 4 - hydroxy benzyl alcohol was used
as an original reactant with thiol propionic ester. The rest of the
procedure is very similar to the last experiment .

Yield obtained was 94 % - M. P. 89°C 9

I. R. data

Phenolic OH 3620 cm
Thiol S - H 2570 e
Ester carbonyl 1700 e

N.M.R. data

Tert - butyl protons 8.7 i1 single}
--CH2 attached to SH Tak F T multiplet
-CH, attached to (=0 6.8 T triplet

Methyl. « protons attached
to benzene ring 5.9 M7 singlet
Phenolic proton Seee "L singlet

Aromatic proton 2.9 L singlet



39

2.2 Experimental Technigues

Materials :

Natural rubber latex -

The natural rubber latex used in the experiments were
supplied by W. M. Symingfon and Sons Ltd. (Qualition A) Total solid

content 60 % by weight and was preserved by 0.7 % of ammonia.

Prevulcanized latex -

60 % ammonia preserved prevulcanized latex was supplied

by Reverton Ltd.

Perbunan N latex - (Nitrile - butadiene latex)

This was supplied by Bayer UK limited. Total solid contents
50 % by weight.
Perbunan N latex 3310 - without reactive group

Perbunan N latex 3415 - contains reactive group.

Monoperless - mnitrile butadiene latex was supplied by Reverteik. Ltd .

Solid content 50 % and contains a cross linking agen! =

Compounding Ingredients and Antioxidants

N Cyclch exybenzylthiozole-2sulphenamide (CBS) Monsanto chemical Limited
Sulphur - Ancnor chemical Limited

Zinc oxide - Amalgamated oxide limited

Disperssl: LN - Imperial Chemical industry

Tetra methyl thiuram disulphide (TMTD) supplied by Monsanto Chemicals

2,6 - ditertiary - butyl - 4 - methyl - phenol
and

Topand 0.C Nonox WSf. - supplied by Imperial Chemical lndustry.

Tert butyl hydroperoxide 70 % (Koch light laboratories limited)

Tetra ethyl pentamine - BDH Technical grade
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2.2.1 Prevaration of Rubber Vulcanizates

The vulcanizates were prepared from antioxidant - bound
natural rubber or from natural rubber itself. The latex reacted or
unreacted was coagulated with 1 % formic acid and was thoroughly
washed with water fo remove acid. This was then sheeted in to a thin
sheet and was washed again. The sample was dried and was wrapped with
aluminium foil,

The sample was extracted continuously for 48 hours under
nitrogen atmosphere to remove the unreacted antioxidaﬁts and the other
organic biproducts. The azeotropic mixture used for extraction consists
of 1,1,1 trichloroethane (60 ml), acetone (110ml) and methanol (42 ml)
The temperature of extraction varied between 50°- 60° C. After the
extraction the rubber was dried under vaccum dessicator at 20°C in

the dark until required.

2.2.1.2 Compounding

The compounding ingredients were mixed with extracted natural
rubber on a 12 inch water cooled laboratory 2 roll mill. A fraction =
ratio of 1:1 was employed . If sulphur was included in the form&%ion
then this was added after all the other ingredients had been incorporated.
Compounds were prepared according to the formq%ion given in table 2.2.1,

the total compounding time was 5 minutes.

Table 2.2.1 Compound formaltion
Natural rubber 100 gms
Zinc oxide 5 gms
Stearic acid 3 gms
Sulphur 2.5 gms

CBS 0.5 gms
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2.2.1.3 Vulcanization of Compounds

Vulcanizates were prepared in a stainless steel mould of
cavity dimensions 13.5 x 13.5 x 0.018 ca- 80 as to produce a sheet
of thickness 0,018 - 0,023 cm. A sample of compound (5 gms) was
milled into a thin sheet and placed in the mould cavity. The mould
was placed between two plates of a steam heated press, the temperature
of which had been previously raised to the required temperature 140°C.
A pressure of 50 tons on a2 8 inch roem was applied to produce the
required sheet thickness.

At the end of 1/2 an hour ture time, the mould was removed
and quenched in cold water. The vulcanized sheet was removed, dried
and was stored in a vaccum desicator. The sample was cut from the

centre to eliminate edge effects.

Preparation of films from wvulcanized latex will be discussed
in a later chapter. These films were used in Tensile measurements,

stress relaxation tests and oxygen absorption tests.

2.3 Technological Ageing Tests

The important factors, which determine the effectiveness
of antioxidants in rubbers are,

a) Antioxidant activity

b) Rate of loss of antioxidants from polymer

¢) The mobility of the antioxidant within the polymer

The assessment of antioxidant activity of bound and unbound
antioxidants, were determined by oxygen absorption tests, on both
extractéd and unextracted samples so that the antioxidant ability of
the bound antioxidant could be assessed. Stress relaxation measurements
were carriedi%g assess the other two factors. The determination of

Tensile properties of films at various states of oxidation can be

'_'u.li
carried:as an important test, which determines the effectiveness of
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bound - antioxidant systems and the retention of mechanical properties.

2.3.1 Oxygen absorption of Vulcanizatcc -

Rate of oxygen absorption depends on the rate of which oxygen
can diffuse into the rubber sample and the rate of reaction of oxygen .
with the polymer. To control the first factor ie. diffusion, samples
were used with same thickness.

Oxygen absorption tests were carried out in a pyrex test
tube of approximate total volume of 100 ml with a B 24 quickfit gocket
and a cone attachment. The apparatus has been described by previous
workers

The reaction tube containing the sample was flushed with
oxygen for several minutes and immersed in a thermostated oil bath.

As oxygen was absorbed by the sample a pressure difference set up
between the two tubes. The pressure variation was directly recorded
as an oxidation curve on a Leeds and Northvup' speedomeler recorder.

The pressure variation was measured through a transducer
Pye Ether model up 3, 53 5 PSI range. The experiments were carried
out in a suchaway that 1 ml of oxygen absorbed by the sample was

equivalent to 20 division on the scale of the chart.

Procedure :

An accurately weighed specimen (0.3 gms) of thickness 0.023 cm was
placed on the glass support, so that oxygen was able to diffuse to

both sides freely. The glass support with the sample was inserted in

to the absorption tube and was purged with oxygen. The apparatus was
assembled in the thermostated bath at TOQC and was then connected to

the transducer. The ballast tube was already positioned, and the system
was allowed to equilibrdafe = for 5 minutes so as to reach the temperature
to ?OOC. The samples were then left to absorb oxygen and the maximum
value of oxygen that could be absorbed at this Voltag;f;as, five mls,

hence the required oxygen was added through Luer needle until desired
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pressure had been re - established.
The duration of the oxygen absorption measurements were
dependent on the rate of oxygen absorption of the sample. At the end

ptLS‘
of the experiment , the sample removed and weighed.

2e )0l Stress Relaxation of Vulcanizatés -

Apparatus -

The contiﬁ?us stress relaxation of vulcanizate was following
automatically, using Wallace - Shawbury self - recording age - testers
(Wallace Instruments Ltd), which consists with a six cell air ageing
oven set. The cell temperature can be adjusted, and is approximately
lower than 2°C than the adjusted temperature, due to 1 cubic - feet per

hour air flow.

Procedure : Samples were cut from vulcanized sheet using the MR 100
apparatus test cutter. The samples were fixed between two fixed points
and was then kept in extension inside the cell. The specimen was allowed
to relax in stress at 100°C and with an air flow of 1 cubic - feet per
hour. The results being recorded as the logarithm of the stress against
time. Experiments were carried out with extracted and unextracted

rubber samples.

2.3.4 Measurement of Tensile properties

The tensile properties of the rubber samples were measured
using a Hounsficld E type Tensometer. There are five speed ranges, which
are selected by the appropriate switch on the control panel. The speed
of the crosshead is controlled by the varying the speed of the constant
torque motor. Crosshead speed between 0.01"/minute to 4"/minute can be
adjusted on lower speed setting and corresponding maximum pull is 2500
kg. On the upper speed setting speed varies from 0.1"/mimate to 40"/min
-ute , but the maximum pull limited to 1250 kg. There are two drum

switcﬁfto control the upper setting and lower setting for the cross head
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Four load cells are available with maximum load capacities of 2500kg,
1250 kg, 25 kg, and 2.5 kg respectively. The push button att nator

on the front pannel of the amlifier enables any one of seven load
ranges to be selected. Five of these give full range on the recorder
for 100 %, 50 %y 20 %, 10 % and 5 % of the load cell maximum load and
any of these may be used for normal testing.

Extensometer : The three position marked extensometer F, F - R and
Ext - Test is used in conjunction with an extensometer feeding through
Extensometer Servo Control Unit on the .ear which enable to measure

the extension.

Procedure :

The 25 kg load cell was fixed in position and 10 kg load
range was selected for testing. The recorder was set to zero with the
upper chuck and chuck pin in place but no test pieces were inserted.
The crosshead speed selected for natural: rubber vulcanizate was 12"/
minmute for nitrile rubber sample 3“/ minute. The lower drum switch
was set to zero when the crosshead was in position, where the test
piece could be easily fixed in the chucks. The upper drum switch was
set to 35" reading, where the crosshead was likely to reach during
the test, The test pieces were cut from 0.25 mm thickness vulcanizate

using a die of width 3.5 mm width. Test specimen was fixed between
{

the two chucks and === the start hutto;?}izhghe test proceeded

a stress - strain diagram was plogfgn the chart paper. The chart

speed was set to 2 in / minute. At the end of the break the cross head
automatically move to the zero level,

For each sample, three test pieces were tested and average

of the results were noted.
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2.4 Estimation of the Concentration of bound antioxidants (70 - 1)

The concentration of bound antioxidant was determined by
the Infra Red spectroscopy. The samples used were transparent and
of thickness 0.0085 - 0.009 inch. In hiundred phenolic antioxidants,
it was possible to measure the absorbance of the phenolic -QH
strebhing peak at 3620 cm-1. To determine the exact concentration

following method was carried out.

Calibration curve : 100 gm (D.R.C) in 166 mls of 30 % ¥. Rubber

latex was coagulated, dried and was then extracted with azeotrope for
48 hours under nitrogen atmosphere. This was then dried under a wvaccum
to remove solvent and was steied £ in a desicator. 100 gms of the
extracted natural rubber was mixed with known quantity of thephenolic
antioxidant:. and with other vulcanizing ingredients. The sample was
vulcanized, dried and I.R spectrum of the film was taken. Samples were
prepared with different concentration of antioxidant varied from

0.5 %, 1% and 2 %.

The intensity of the phenolic -OH was proportional to the
concentration of the added antioxidant and was measured as a function
of peak area. To eliminate the errors due to thickness, a peak at
2720 cm-1 was taken as the reference peak. The concentration of the
phenolic antioxidant could be interpreted as the ratio of peak area

of phendlic {OH at 3620 cm™

2720 em” .

to that of peak area of reference at

Curves were plotted of peak-ratio versus the concentration
of antioxidant: added. The calibration curves for different antioxidants
were illustrated in Fig 2.1 - 27. These curves were used to estimate
the concentration of the bound antioxidants, which curve correspond to
the ratio of the peak area of the bound antioxidant.

Similarly curves were plotted with prevulcanized latex. The
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composition of the prevulcanized latex given in table.

Wet weight Dry weight
60 % Natural rubber 166 gms 100 gms
50 % Zno (dipersion) 0.4 gms 0.2 gms
50 % Sulphur 0.6 gms 0.3 gms
50 % ZDC 0.8 gms 0.4 gms

The above data was supplied by Revet=» Company.
The known amount of 50 % antioxidant dispersion was added and films
were east’ over glass plates. Films were dried , and the I.R of the

films were taken. The curves were plotted as in the lasf experiment.
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Figure 2. 7- Infra-red calibration curve for BHEM in nitrile rubber
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CHAPTER THREE

Reaction of hindered phenols with natural rubber latex

Scott and co-workers have shown that hjndered phenols containing
vinyl and thiol groups can be grafted to natural rubber in the latex
stage using a suitable initiator. A furthur development from these
studies was that many antioxidants which do not contaiﬁ the above groups
can also be bound to rubber in the latex form, One such example is
2,6~ditert-butyl-4-methyl phenol (TBC). The present objective is to
study the reactions of this type of antioxidant with natural rubber in
more details and also their effectivness as antioxidants, particula%& in
latex products such. as, gloves , ihreads etc. According to model
compound studies to be dgscribed in subsequent chapters, the reaction mechanism

of TBC with natural rubber can be represented as follows,

GH & ci
X ) = oot IR T
/\JI + —»Cl—i—c.‘:cl—[—cﬁ_f:l-{- bl e 2{..-C1"|"§|II ~..-|.2
. 5 e
\\\v/ 2 ) 7II2
cH e
X‘“\T//%X
OH

Natural rubber latex is a two phase system consisting of a dispersed
phase and dispersing medium, The dispersed medium consists of small
rubber particles , normally less than Sq in diameter, the molecule of
which are polymeric in nature and comprise a basic unit which is repeated

many times over, The disperse medium is the aqueous phase,
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C FJ_{E

H=C=CH—CHtCi¥

2 e
-

Compounding ingredients are added to latex either as aqueous solution,
dispersion or emulsion according to their physical characteristic., The
particle size of the dispersion and the droplet size of the emulsion are
significant factors, which effect the physical propertiéa of the finished
products. Before adding compounding ingrgdients in the form of dispersions
emulsion, or in solutions, the pH and the stability of the latex has to be
considered,

Gelsla Preparation of dispersions.

The dispersions were prepared in Szegvari attritor under a nitrogen
atmosphere, The solid antioxidant was ground and was si¢ved through
200 mesh size siéve., 10 gms of the powdered antioxidant was placed in the
container with 0.2 gm of Dispersol IN, Distilled water iwas added Jjust to
cover +the surface of the balls and was stirred at a constant speed for
10 hours. The temperature of the container was kept low by passing water
through the outlet. The dispersion was then discharged into a conical

flask and was stored in a nitrogen atmosphere,

3412 Frepgration of emulsions

Emulsions can be prepared in two ways,either by adding liquid antioxidants
to water containing emulsifing agent or by preparing soap in water.
Frocedure 1 :

70 gms of the liquid antioxidant was added to 50gm of distilled water
containing 0.5 gm of the emulsifing agent, vulcastab LS. The tightly
stoppered container was shaken ”quarously in a flask shaker for more than

24 hours under nitrogen atmosphere,
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Procedure 2 :

0.42 gm of lauric acid and 0.08 gm of potassium hydroxide were dissolved
in 50 ml of water. 10 gm of the liquid antioxidant to be emulsified was
poured in and the flask was shaken vigourously for 24 hours under nitrogen

atmosphere,

542, Determination of the optimum reaction condition for the reaction

of 2,6-ditert~-butyl-dmethyl phenol (TBC ) with natural rubber latex.

The experiments described below were carried out with 332 ml of 30%
(100 gm of dry rubber) natural rucber latex which was partially deammoniated
by passing nitrogen through diluted latex for about three hours with
stirring. To prevent the coagulation of the latex, the pH of the
deammoniated latex was maintained at 8,0-8.5.

The main factors which determine the rate of the reaction as well as the
yield of the final product are temperature, reaction time, initiator and
antioxidant concentrations. The following set of experiments were carried

out to examine these parameters.

3421, Initiator System

Amarapathﬁghas shown that the redox system tert-butyl hydroperoxide(TBC)
and tetra—ethyifgentamine(TEPA) as the best initiator for the grafting of
DBBA with natural rubber latex. A set of experiments was carried out
with natural rubber latex and different initiator systems including the
above to find the best initiator system for the reaction of TEC with
natural rubber and to throw light on the mechanism of the process.
Procedure :

Experiments were carried out in five necked flask. 100gms (D.R.C) of
300 natural rubber latex was placed in the flask and was immersed in a

thermost ‘tically controlled water bath at 55-6000, because most of the

S . D) . s, :
initiators were reactive above 50°C , Then 2 gm of TBC dispersion was
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added and was stirred for about 1/2 an hour so as to swell into the
latex. The following initiators were used for the reaction and were added

slowly into the mixture.

Table 3.1
Type of Initiator concentration TBC bound % of TBC Time to
initiator in moles /oo 4 £ concentration bound absorbed
162 g m R 2% 0
2
No initiator - * - 27
Potassium persulphate
/ferrous sulphate (Ak) 0,008 * - 35
Benzoyl peroxide 0.0C8 * - 45
4—4'azobis(4—cyano
-vgleric acid(AZBN acid)
in NagCO3 0.008 * = 33
 Ceric ammonium
nitrate in alcohol (AR) 0.008 * - 22
Petassium ferryicyanide (A )
in alkaline solution 0.008 * - 14
Tert-butyl hydroperoxide
(TBH)/TEFPA(4.5m1 of 10%
solution) 0.008 -0 1 106

* No phenolic OH peak at 3620 em™

The reaction was allowed to proceed for 20 hours and was then allowed
to cool. The latex was coagulated by adding 1% formic acid, washed with
distilled water and the coagulum was sheeted into thin sheet, rewashed

dried , and was then extracted with azeotropic mixture for 48 hours under
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Nz atmosphere. The coagulum was dried and the vulcanizates were prepared
as dg3cribed in chapter 2. The amount of TBC bound was estimated by I.R
‘technique and was further confirmed by oxygen absorption test shown in

table 3.1 and curves in fig. 3.1

3.2.1 Discussion

To obtained the required product, it is necessary to create radicals
on both the TBC as wellas on the rubber molecule. But _potassium ferricyanide
is incapable of forming radicals on rubber molecules which resultg:;o
bound reaction with rubber. On the other hand ,Beconsall and co--workersQ
haver:studied the reaction of TBC with KBFECNG and have found that the

benzyl radical and quinone methyde as intermediate. They suggested that

these intermediates brought about the formation of all the byproducts.

OH

0
X X X
O + I'<3Fe(flj‘\i'é + KOH ==y m + K4FG(C N) + HO .

A S

!
CH
CH 2

Because of this,the formed petassium ferrocyanide reacts with K FeCN

3 6

resulting in the formation of green coloured complex, which causes the

prooxidant effect of the vulcanizate prepared from it. (Fig.3.1)
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Persulphate initiators were , as explained in chapter 1, used for -
graft polymerisation of natural rubber with vinyl monomers., There .i¢, evidence
that_they are capable of forming radicals on the natural rubber molecule
bugrié retarded in the presence of ammoniaz' Apart from thiaf;;ze of the
persulphate radical inhibits the abstraction of hydrogen from sterically
hindered phenols. These two factors can be considered as the reasons for
the lower reactivity of TBC in the presence of this initiator.

As mentioned earlier, the alkyl radical formed from AZBN tends to
stabilise itself by a reducing process?7 Peroxides m the other hand are
oxidising species. Because of this AZBN is incapable of abstracting
hydrogen from the h idered phenols. Moregver, tert-alkyl radicals such

cyand

as,k iso-propyl are stable and cannot abstract hydrogen from the rubber.

Hence no reaction was observed.

?HB‘ gl.l'g

’ AT S8 Ci.‘[}_[‘:C:Nb

Peroxidesare capable of abstracting hydrogen from himdered phenols as
well as from rubber molecules, thus creating the necessary intermediate for
the desired final product by the radical process. The activity of tert-
butyl hydroperoxide(TBH) is enhanced by the activator TEPA, which is
water soluble and creates reactive species at lower temperatures than
benzoyl peroxide, Huysefnzhas shown that the rapid decomposition of
hydroperoxide is due to the hydrogen transfer from TEPA, which wegken the

0-0 bond resulting in the formation of free radicals.

R_O / R"O o " . - //
L HNCH —= GlaHNgH——+ | RO+ O+ NCH
H-0 ) e B ~

(TEPA)
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Benzoyl peroxide forms radicals readily at high temperatures, but
cannot be used in latex , since the la/fer tends to coagulate at these
temperatures. It has been found that the . performance of this
initiato;jg:;n in the presence of activators such as ferrous sulphate.

It is clear from the above results in table 3.1 that the best initiator
system of those examined for the reaction of TBC with natural rubber is
tert-butyl hydroperoxide/tetraethylpentamine.

With | potassium ferricyanide, ~cgric ammonium n;}raté discolouration in

Mg ghsevved
the latex was observed, whereas no such changekin‘ the presence of
persulphate, AZBN acid and TBH /TEPA, Benzoyl peroxide showed a slightly

yellowisn colouration probably due to the formation of stilbene quinone.20

Helel Effect of temperature

A sefﬁexperiments was carried out with 2gm of TBC and 100 gm (DRC) of
309 deammoniated latex, at temperatures 30, 40, 50, 60, and TOOC. TEH/TEPA
was used as initiator and rest of the experiment procedure was:the same as
in the previous section. At the. end of 2Q hours, the latex was coagulated
dried and was extracted, The amount of antioxidant bound in each sample
was examined by I.H method and was furthur confirmed by oxygen absorption

test and the curves are shown in Fig. 3.2

Table 3.2
Temperature in Concentration of % of TBC Time to absorb
centigrade TEC bound//oe §~ bound 1% oxygen
30 no OH peak £y - 40
40 0.00046 561 o8
50 0.0009 10.0 98
60 0.001 11.0 104

70 0.001 11.0 107



Figure 3.2 Reaction time
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If the temperature is raised above 6000, the latex tends to cgagulate,
Therefore to prevent this and for a satisfactory yield,temperature of

the reaction must be maintained at 60°C.

523 Reaction time

A set of experiments was carried out at 60°C for varying lengthiof
time and rest of the experimental procedure was the same. The samples
were taken out at 6 hours interval:of time, coagulated,ldried and was
then extracted, The I.R method was used to determine the concentration
as described previously of the bound antioxidant and was correlated with

oxygen absorption tests, curves shown in Fig 3.3

Concentration of TBC used -:. 2gm (0.009M) [ §m N-R
Concentration of the initiator - 145 ml of TEH(O.O18M)jnn-u~1N n
Natural'' rubver (DRC) - 100gms
Table 3.3
Reaction time Concentration of % of TBC Time to absorbed
in hours TBEC bound bound 2% oxygen

0 no OH peak - 27

6 " - 36

12 0,000% 5.0 52

18 0.0012. T2 108

24 0.0011 11.0 104

It is obvious from the results that the rate of the reaction is
very slow, and to obtain a reasonable yield, the reaction must be carried
out at least for 18 hours. 7The incompqtability of the TBC particle is a
possible explanation for the slow rate, since the former is insoluble

in latex. If the diameter of the TEC particles are greater than that of
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rubber latices then the.penetration or swelling of TBC is reduced, which

affects the rate of the reaction.

Seasd Effect of initiator concentration

A set of experiments was carried out, similarly to that déscribed
above with different concentrationiof initiator. The temperature of the

reaction was maintained at 60°C in a nitrogen atmosphere.

Concentration of TEC used - 0.009 moles in 100 gm of natural rubber
Table 3.4
TBH concentration TEPA added % of TBC Time to absordb
in moles oo gm ~'A in mls bound//oz 4m 2% oxygen
YRy
0.0045 (0.4ml) 1.125 of 1% - 34
0,009 (0.8ml1 ) 3,25 " 5.0 54
0,018 (1.6ml) £,56 " ¢ 10.6 104
0,027 (2.4ml)- 615 8 4.3 47

As the concentration of the initiator increased, the intensity of the
colour as well as the crosslinking of the rubber molecule increased. The
lattsr will be discussed in chapter 4, The discolouration of the latex
whith® octuryed= at high concentration due to the formation of stilbene

quinone.

38245 Effect of swelling time

EZxperiments were carried out with 100gm(DRC) of 30% deammoniated
latex and 2 gm of TBC dispersion. Initially the TBC dispersion was
allowed to swell into rubber network for known lengths of time and then
1.6 ml of TBH/4.5 ml of 1% TEPA was added, The reaction was carried

out for 18 hours at 60 °C. After the reaction , the coagulum obtained was
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dried , extracted and the vulcanisates were prepared. Inthe usual way

the amount bound was determined by I.R and was confirmed oxygen absorption,

Table 345
Swelling time in % of TBC bound Time to absorbr .
minute 2% 0, in hours
¢ 0 32
15 6.6 - 83
30 11.0 107
60 11.0 109

The reaction of TBC reaches to maximum, when the TBC is allowed to
swell % an hour before  the addition of the initiator, Probably the time
of swelling could be reduced furtrir, if the particle size of the TEC
dispersion were lewer-than that of rrubber latices, since the former

Jatex and
could be more easily penetrated intoanthe rate would be increased.

3.2.6 Effect of TBC and initiator concentration on the reaction

The reaction is found to be not catalytic with respect to the
concentration of the initiator. According to the results in table 3.4
the yield is maximal , when one mole of antioxidant is reacted with two
molea of initiator. Thecretically one mole of TBE consumes one mole of
initiator, the other mole:}or the abstraction of hydrogen from the
rubber-. molecule, It follows that for a complete reaction the concentration
of the initiator should be varied with that of TBC and rubber. To
investigate this the following set of reactions were carried out with

various concentration of TBC and respective concentration of the initiator.
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Ml of 30% rubber latex used - 332 (100gm DRC)

Table 3.6

TBC concentration TBH concentration 10% TEPA % of TBEC Time to absorb.

in moleshﬁﬁm in moles}ﬁfgm in mls bound 2 O,in hours
0.0045 (1gm ) 0.0135 (1.2ml) 1.4 18,2 88
0,009 (2gm ) 0.018 (1.6ml) 4.5 11.0 106
0.018  (4gm ) 0.027 (2.4ml) 6475 6.8 126
0,036 (8gm ) 0.045 (4.0ml) 11.25 54 192

As the concentrationsof the initiator and the TEC increased, the
yellowish discoluration of the latex was increased, this is probably
due to the formation of stilbene quinone. This behaviour was further
substantiated by model compound studies, which will be discussed in
subsequent chapters. All these results led tOt}Onducwvthat the reaction

of TBC with natural rubber is favoured at low concentrations of TEC

formetion

and fo th¢ of stilbene quinone at high concentrations, =
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In addition, the hydroperoxides are well known as crosslinking agents
for rubber, which effects the reaction of TEC with natural rubber, this has

been studied in full details and is discussed in a later chapter.,

Aligquot system

A reaction was carried out with 8 gm of TBC and 100gm of latex (DRC),
first the TBC dispersion was allowed to swell for % an hour before
adding the initiator., Then four aliquots of initiator followed by the
activator was added at a time interval of 2 hours and each aliquot was
contained 1,0 ml of TBH and 2.8 ml of 10% TEPA., At the end of the ..
experiment, the sample was coagulated , dried,extracted and the amount
of TBC bound was estimated by I.R technique. It was found that 5.8%
of the TEC remained bound to the network, this indicates that even <he
gradual release of the initiator by aliquot system would not-make much

difference 4c the final result and the colour of the latex. Again it may

be due to the slow reaction rate of tne.TBC with natural rubber latex.

Ses 1 Effect of oxygen on the reaction

2 gm of TBC and 100 gm(DRC) of latex were reacted in the absence of
nitrogen to study the effect of atmospheric oxygen on the bound reaction.
The reaction conditions similar to that described earlier. It was found
by I1.R examination that 9.8% of the original TBC remained bound to the
rubber after the extraction. This difference, when compared to the 11%
of the previous case in the presence of nitrogen, can be accounted for

the oxidation of TBC by atmospheric oxygen.



29

34248 Effect of solubility of the reactantson the reaction

The original reactants were selected, so that they were more soluble
in organic phase than in agueous phase. Instead of TBC dispersion,
2,0 gm of 2,4-ditert-butyl ,6-methyl phenol emulsion was reacted with
100gm (DRC) of latex in the presence of cumene hydroperoxide as an
initiator, which is more soluble in organic phase than aqueous phase.
After slow addition of the initiator, the activator was incorporated in
aliquots, so as to release the initiating species gradually into the
media, TFive aliquots, each of 0.9 ml of 10% TEPA, were added in 2 hours
interval and rest of the procedure was the same as in previous experiments.
At the end of the reaction, the extracted sample was examine;fI.R for
the'estimaxion of bound 2,4-ditert-butyl,6-methyl phenol (TEOC),

Similary a reaction was carried out with TEOC and TEBH/TEFA and

the amount of bound TBOC was determined by usual way.

Table 3.7

TBOC concentration T3C concentration CHP in TBH in % TEOC % TBC-_

in molesji2 4™ in mOlESﬁIBT“ moles/ moles/ bound bound
Nt 'Y, r‘.- o ™ N-L e r}-'“Nit
0.009 - 0,009 - 8.2 -
0.009 - - 0,009 T8 -
o 0.009 - 0,009 - 11

It is evident from the above results that the para position of the
TBC is more reactive than the ortho position of the TBCC. This led to
suggesii%hat tne reaction of hindered phenols depends on the reactivity
of the functional groups rather than the solubility. This is much more
conclusive in BHENM/N.R reaction, because the former contains a more

reactive thiol group.(ﬁcé Pafev)
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3.3. Reaction of (3,5-ditert-butyl~‘hydroxy benzyl) mercaptan

(BHEM) with natural rubber latex

It will be explained, as a result of model compound studies that the
reactive function of BHEM is comple{iy different from that of TBC. The
well known addition reaction of mercaptans to unsaturated compound3q3_15
depends on the electron "4déficient sulphur atom of the mercaptan and it's
sug¢ceptibility towards the double bonds., In view of this , Fema.ndosﬁfaa
successful in grafting BHEM to natural rubber using AZEN as an initiator,
since chlorobenzene was used as a solvent for the laifer, this limits its
usefulness in latex. In an attempt to overcome the latter problem, the
addition reaction of BHEM to natural rubber was studied in more detail ,

The following sets of experiments were carried to investigate, the best

initiator system and the optimum reaction conditons,

Ladel Initiator system

A set of experiments was carried out with 2gm (0.008 mole) of
BHEM with 100gm (DRC) of 30% deammoniated latex. The experimental =
the Ahe d
procedure was same as that of TBC/natural rubber reactions. Again I1.R metho?d

was used to estimate tne bound antioxidant and was confirmed by oxygen

absorption tests , curves given in Fig 3.5

Table 3.8
Type of initiator Initiator concentration  BHEM bound % of BHBEM

oo les //{ 0 ‘j'w N in ng/ﬂ 94  bound
N R

No initiator 0 * =
1
4,4 =azobis(4-cyano

volaric acid(AZBN acid) 0.008 0.38 19

/sodium carbonate
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Azobis-isobutyronitrile

(AZBN) 0.008 * =
TBH/ TEPA 0’.003 0.74 37

Petassium persulphate

/ferrous sulphate (FeSO 4') 0.008 * -
* No visible peak at 3620 em™ !
FeTele . Discussion

The water soluble AZBN acid/Né.zCO3 system forms free radicals
itself, but is negatively charged in nature, which acts as a repulsive .
barrier towards 1atextrbecause the latter is also negatively charged.
This could be one of the reasons, the lower reactivity of BHEM with natural

rubber latex in the presence of AZBN as an initiator.

?H2— CHE_ COONa FH - CH,=- COC Na

2 2
| I
CH, = C=N=N - C=-CN ——) ZCHE-—C'

2 0] | 1
Cl CH2 CH5 CN - N, |
|

\
CHQ- COONa

AZBN alone as an initiator shows a different mode of reaction. The
incomp: tibility of AZBN with latex reduces the extent of the reaction and

instead causes a yellow mass on the surface of the latex.
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Again as in the earlier experiment (see page 52) that the reaction of
BHEM with rubber latex in-the, presence of persulphate/ferrous sulphate
as an initiator is retarded by the ammonia present in the latex.

It is obvious from the results shown in table 3.8 that the most efficient

initiator system for the reaction of BHEM with rubber latex is TBH/TEPA,
The reaction mechanism of this will be discussed in subsequent chapters
ancifis observed that the thiyl radical as the reactive intermediate.
The initiators examined above, do not show any discolouration of the latex.
Though, thiols in the presence of powerful oxidising agents form

vellowish disulphide, which was not observed in the latex, since the rate

of addition of thiols is faster than the formation of disulphides.

Lo OH
: CH , |
X e X X
(iiﬁK * CHC=(HCHCH—— (iiy
N 2 22 N
l -5
# H3SH g’ p)
{ =
~CH-CHCH CHCn;
[ 2 Z
Deaie BEffect of temperature C%

A set of experiments was carried out at temperatures 30, 40, 50, 60

and ?OOC. The experimental procedure was the same as in TBC with natural
D

(p 53 :-ui

rubber latex and the reactions were carried for 18 hours in a nitrogen -
atmosphere, ‘he concentrations of bound BHEM were determined by the I.R

method and was confirmed by 02 absorption tests shown in Fig 3.6
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Temperature in Concentration of BHEM % of BHEM
centigrade bound in gms/ioogm N 1L bound

30 0.68 34

40 0.74 37

50 1.22 62

60 1.41 70

70 1.42 71
concentration of BHEM used - 2gm (0.003)“€¢'3m N
Weight of dry rubber content - 100 gm (332 ml of 30% latex)
TBH/TEPA - 1.6 m1/4.5 ml of 10% TEPA

The concentration of BHEM bound vs temperature was plotted and is

shown in Fig. 3.7 and the yield is-:maximal when the temperature is SOOC.

5e2a Heaction time

The procedure was the same as in TBC/ natural rubber latex reaction/ p.s5¢)
The samples were taken out at a time interval of 3 hours and then coagulated,

dried and the vulcanisates were prepared for the determination of the

BHEM bound.

Concentration of BHEM used - 2 g (0.00Smoles)ﬁft gm N R
Dry rubber content - 100 gm (332 ml of 30% latex)
TBH/TEPA - 1.6 ml/ 4.,5m1 of 10% TEPA
Reaction temperature - 60°%

The amount of BHBM bound was estimated by I.R technique and the
the maximum bound antioxidant effectiveness was confirmed by oxygen

absorption and the curves are shown in Fig 3.9.
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Table 3.10
Reaction time Amount of BHEM bound % of BHBM bound

hours in gmq/

(9] * -

3 0.76 38

6 1.16 58

9 1.40 . 70

12 1.41 70

15 1.40 70

The concentration of BHEM bound vs time was plotted and is shown
in Fig. 3.8. The yield is maximal when the reaction is carried out

for nine hours.

5304 Effect of initiator concentration

The experimental procedure was the same as in TBEC/N.R latex and

the reactions were carried out at 60°C for 9 hours, (¢ee P 55)

Dry rubber content - 100 gm (332 ml of 30% latex)
Concentration of BHEM used - 2 gm (0,008 moles)/,a gm VR
Table 3.11
18H concentration 105% TEPA in Amount of BHEM % BHBM bound
in moles|icojm N A mls bound in gmsﬁ::yn

0,004 ( 0.4 m1 ) 1.15 0.48 24

0,008 ( 0.75ml ) 2.25 0.74 37

0,016 ( 1.5 m1 ) 4.50 1.40 70

0,032 ( 3.0 m1 ) 9,00 1.28 64
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The concentration of BHEM bound vs initiator concentration was
plotted and is shown in Fig. 3.1{. The oxygen absorption curves are
given in Fig., 3.10 The conclusion, which emerges from these data is
that the initiator concentration must be varied with respect to the

concentration of BHEM in the ratio of 23| respectively.

oD Effect of swelling time

Three sets of experiments were carried out with-Z gm of BHEM and
332 mls of 30% N.R latex at 60°C for Shours under nitrogen. Before
adding the initiator, the BHEM was allowed to swell into natural rubbber
latex for a known length of time, The rest of the experiment was the same

as in TBC/N.R latex swelling experiments, (Se¢ p 55)

Concentration od TsH/TEPA - 1.5 ml/ 4.5 ml of 10% TEPA
Table 3.12
Swelling time in Amount of BHEM bound % of BHBEMbound
minutes in gms/;gw:y”:rn
0 0.84 42 J
15 1.38 69
30 1.40 70

The required swelling time is less than 30 minutes, because the
rats af sddtticn of SHBE 4o ‘nabiralisubies is Faster asd the puctisies
are in emulsion form, which is easy to swell into the network.

The following set of experiments was carried out to study the

reaction behaviour of BHEM with natural rubber latex with variation of

the thiol concentrations under the above studied optimum reactiom
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conditions. The ratio of TEPA to hydroperoxide was kept constant.

Dry rubber content - 100 gm (332 ml of 30% latex)
Reaction time - 9 hours
Reaction temperature - 60°C

Table 3.13

Concentration of BHEM Initiator concentration Mls of 10% % of BHEM

in moles/icv 4@ N Nt in moles//ovgmNR  TEPA bound
0.004 ( 1 gm ) 0.012 3.6 72
0,008 ( 2 gm ) 0.016 4.5 70
0.016 ( 4 gm ) 0,024 6.7 67
0.032 ( 8 gm ) 0.040 11.5 65

It is obvious from the above data that the concentration of the
initiator must be increased prop&ﬁionately with that of BHEM. Theoretically
one mole of BHEM ( 252 gm ) can be reacted with one isoprene unit of
natural rubber, that is 68 gm. According to this, there is a possibiliéy
to react 370 gm of BABM with 100 gm of natural rubber. The améunt of
BHBM bound is decreased gradually with the higher concentration of BHEM

and the initiator, this is probably due to the formation of more oxidised

products, such as disulphide , and monosulphide, ( See P s6)

3.3.6 Effect of oxyzen on the reaction of BHEM with natural rubber latex

A reaction was carried out with 2 gm of BHEM and 100 gm of rubber
latex in the ( presence " of at .=y The rest of the experiment procedure
was the same as in previous experiments., At the end of the reaction
the bound BHEMN of the extracted sample was determined by I.R technique

and it was found that 6%% of the original BHEM remained bound to the



67

rubber, which reflects that no effect on the reaction in the presence
of oxygen or air, The conclusion emerges from this result is that
addition reaction is faster than that of the oxidation reaction of

BHEM by atmospheric oxygen.

3e3+7 Conclusion
The yield of bound antioxidant obtained in the BHEM reaction is
high and it could be used as a polymeric antioxidant for the preservation
of natural rubber against oxidation by using concentrates of bound
antioxidants as additives in normal latex. (masterbatch technique)
The adduct of thiol antioxidants with rubbers give rise to an auto-
synergistic effect due to the presence of both a hydroperoxide decomposer
(the monosulphide) and a chain breaking function (phenolic) in the same
molecule and are in bound form., (structure A) It is not surprising that
this structure is considerably more effective as a thermal antioxidant
than either a phenol or a sulphide alone.
For a successful BHEM -natural rubber bound system, the following—
reaction conditions are essential.
a) Swelling time of BHEM in latex is more than 15 minutes
b) Reaction temperature ; 50°C
c) Reaction must be carried out for 9 hours
d) Initiator concentration must be increased prcp&tionately to the
concentration of BHEM (flefio 271)
CH

i
|
- CH,=- @H= CH - CH,~ CH, -

2 2 2
z//

2 (structure A )
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CHAFTER FOUR

4.1 Analysis of the byproducts formed during the reaction of hjndered

phenols with natural rubber latex.

The inhibition of polymer oxidation can be achicved at
least in two ways, 1) by scavenging reactive free radicals, 2) by
decomposing hydroperoxide to non radical products. Dufing the inhibition

act

process, the added antioxidants such as, hindered phenoléias radical
trapping agents, mercaptans and the related sulphides as hydroperoxide
decébosers. The resulting intermediate aryloxy radicals react with
other component or rearrange in such a way as to give non radical products,
For instance, TEC in the presence of peroxides, oxidise to non radical
products such as, 3,5,33,5'—tetra—tert-butyl stilbene 4,4'quinone18_19,
3,5 ditert-butyl4-hydroxy benzaldehyde19, etc, The oxidised products of
thiols, metal dithiocarbamates, disulphides and monosulphides in the
presence of hydroperoxide were investigated by Scott:at, al?G-Tan 1

i
Hawkins.g They have suggested the following reaction sequence for the

thiols, monosulphides and disulphides reactions.

ROOH
RaSEE Remeemm 3 | HeSeS-R
|
ROOH
~
Antiosdidant
Pro-oxidant ———— R=S=0=S=R ——>

(s0))
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ROOH

Re8-CH ;~CH, = S LS R-SO-CHECHZ-R'
Pro-oxidant — RSOH
Pro-oxidant é————  RSOSR —> Antioxidant (502)

Stilbene quinones, aldehydes and benzyl alcohols have been identified
as the gajor products during the grafting of DBBA with natural rubber
latex. The effect of some of these byproducts as antioxidants has been
gtudied. Again the same byproductis have been observed in the present
work.. by the study of the oxidative reaction of TBC with the model
compound 2-methyl-2-pentene and this will be discussed furthur in a
subsequent chapter, The data available from these studies is sufficient
to explain the mechanism of these reactions with natural rubber and

this will be not considered further here,

i

It is known from previous stud1631  that the reactive function of
a mercaptan is the thiol group and therefore, the byproducts formed dﬁ;ing
the reaction with rubber are completely different from those from TBC.
Hydroperoxides such as , cumene nydroperoxide (CHP), and tert-butyl
nydroperoxide (TBH) are well known as crosslinking agents for natural -

- %0 ;
x:u‘n::ber:'}l‘3 3 .« As the rubber molecule becomes crosslinxed, the molecular

weight of the rubber is increased reaulti;gTIZﬁSLysical ag well as
chemical properties. The degree of crosslinking depends on the
other constituents present and the rate of formation of byproducts.

The following experiments were carried out to study a) the byproducts
formed during the reaction of BHEM with rubber latex b) the degree of

crosslinking of natural rucber in the presence of the additives BHEM/TBH

and TBC/TBH.
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4el.1 Analysis of byproducts during the reaction of BHEBM with

rubber latex

Thin layer chromotography 8t was employed to identified the
products formed during the reaction. This was carried on Poly Gram
plastic plates consisting of a 0.25 mm layer of silica gel. The products
formed during the reaction of TBC with rubber were extracted from the
rubber vulcanisates by using the pure azeotrophic mixture (see chapter 2)
and was concentrated by evgporating the solvents. Then 1% solution of
this in ether was applied to a 20 x 20 cm silica plate and allowed to dry.
The development.of the chromgtogram was done by the ascending method
and the solvent system used was a mixture of benzene, methanol and
acetic acid in the ratio 45:8:4 respectively. The plates were then
placed inside a solvent tank, which was already saturated with the
solvent mixture, Then the solvent mixture was allowed to run till the
solvent front reached to certain heght and after marking the solvent
front, the plates were dried, The sepgrated spots were located by
exposing the plates t;:}odine atmosphere, To identified the hyproducté:
Known probable compounds were run in parallel with the mixture, The R

rompou f‘f-": 5
values of the authentic&and the mixture were. noted,

f

Distance moved by the component

Distance moved by the solvent

The autnentic samples used were
1. BHAEM - prepgration was given in chapter 2
2, Bis(3,5-ditert-butyl-4-hydroxy benzyl )monosulphide -

Preparation given in chapter 2
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3. Bis¢-3,5-ditertbutyl-4-hydroxy benzyl) disulphide
(see chapter 2)
4e 3,5,3 o5 =tetra tert-butyl stilbens 4,4 quinons
(see preparation below)
S 3s5-ditert-butyl-4nydroxy benzaldehyde (see preparation below)

6. 3,5-ditert-butyl-benzyl alcohol (see chapter 2)

Preparation of reference compounds:

3,5-ditert-butyl-4-hydroxy benzaldehyde [$2)

64 gms (0.4 moles) of bromine was added with stirring to 22.3 gm
(0.1 mole) of 2,6-ditert-butyl-4methyl-phencl in 300 ml of tert-butyl
alcohol at 2500. The temperature was raised to 6700 and the stirring was
continued for a furthur hour. The mixture was cooled and yellow
crystalline product was filtered off, This was then washed with 10%
sodium thiosulpnate solution, followed by distilled water and was dried

in vacuum. The off white crystalline product was obtained. M.P 189°C

Yield 80x,

I.R data:
Phenolic OH at 2 3620 ca”!
Carbonyl peak at - 1670 e

N.M.R data:

Singlet at-o0.2 ( - aldehyde proton
Singlet at 2.8 U - aromatic proton
Singlet at 5.0 L - phenolic proton

=
[

Singlet at 8.6 tert-butyl proton
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aliea' o’ ot aaton akiruanst abn to o f i S [@R)

2,6~ditert-butyl-4methyl phenol (11 gm, 0.05 mole) and benzcy/
peroxide (12.1 gm) were refluxed in chloroform for 140 hours. The
bright red solution was extracted with aqueous sodium hydrogen carbonate,
the exiract was acidified and benzoic acid was collected. The sfilbene
quinone was sep:rated by evapcratinf the chloroform and was further
purified by washing with ether, This was then recrystallised from
glacial acetic acid to reddiah.needle shaped crystals . , which decomposed

to a black mass above 300“0.

I.R data:
Peak at 1680 cm.-1 - congugated carbonyl
Peak at 1600 ca ' - aromgtic group
Results:

I.R data the concentrated mixture was as follows

Peak at 3620 cm™ - phenolic OH

Peak at 1670 cm ! - aldehyde group

No peak was observed at 2550 cm™ | for -SH group
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Comparison of the Rf values of the mixture with the reference compounds

Rf values of the reference compounds Rf values of the mixture
Compound Rf value
BHEM 0.96 -

HO CHSCHOH 0.81 0.80
20 2

H -
y 9
CcHO

X
HO/O" CHSSCH H 0.9 0.94
5 3
% &
X

HO<QX_\,-CI—2¥OH 0.61 -
X

= -mﬁ'-CH:CHg/_\ =0 0.90 =

I.R data of the mixture was as follows,

Phenolic OH at - 3620 cm._1

Aldehyde group at =- 1670 cm-1

No peak at 2550 cm™' for thiol group (SH)
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4e1.4 Hesults
It is clear from the above data th#t the following compounds
are formed during the reaction with rubber latex.
1. Bis (3,5-ditert-butyl-4-hydroxy-benzyl) monosulphide
2. Bis (3,5-ditert-butyl-4-hydroxy-benzyl) disulphide
3« 3,5-ditert-butyl-4-hydroxy-benzaldehyde
The absence of a peak at 25500m-1 confirms that the BHBM had
completly reacted and 70% of it has been bound to the iubber network,
the remaining 30k for the formation of the above identified byproducts.
4.1.5 Discussion
Though the rate of formation of the desired adduct is faster than
that of the byproducts during the reaction, nevertheless their formation
is inevitable. It has been found that thiols are oxidised to disulphides
through thiyl radical in the presence of powerful| oxidising agents
such as peroxides, iodine%éetc. Therefore it can be suggested that the
thiyl radical is responsible for the formation of the yellowish

disulphide and the reaction mechanism can be rationalised as follows.

+ .ROOH

o2
|

O
=1
N
il
52

X: KAK
Ho(ﬂ-\ CH-S—SCH<m,OH (1)
WG e i

X
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The order of decreasing intensity of the spots observed on the
T.L.C plates was disulphide ) aldehyde » monosulphide, which is relevant
to the order of the yield of the byproducts. The last two products

he

mayhformed via the quinone methide intermediate which originates.from

the phenoxy radical and is favoured by the efficient elimination of

the SH radical.

OH P;
ROOH X ,
- + SH
CHSH CHS.—. (':'H
2

O" e HO<<_\CHSCH off

HSH C,H
2

Fad
(3]

The formation of aldehyde again through the quinone methide

o4
intermediate, has been explained by Scott

0 0
1
X X X
i > i
1 0" ¢H
CPE Cﬁ? 8
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- =g

0—-CH CHO

The intermediate thyol radical is more favoured than the phenoxy
radical, resulting in high yield of BHEM being bound to natural rubber,
According to the above reaction mechanism one can expect stilbene quinone
as a byproduct formed from the quinone methide , this was not observed
the quinone methide preferentially reacts with the reactive thiol
group in BHEM resulting in the formation of monosulphide. (see reaction 3)
It has been explainedvs-?T that monosulphides and disulphides can
undergo a furthur sequence of reactions in the presence of hydroperoxide,
But these products such as sulphoxides were not observed as extra spots

on the T.L.C plate or by I.R examination. This is probably due to the

fact that hydroperoxide was used up in the reactions dg¢scribed above,

4.2 Effect of sulphides in the adduct process

The adduct reaction was carried out with bis(3,5-diterkbutyl-
4-nydroxy-benzyl) monosulphide (BHEMS) and bis(3,5-ditert-butyl-d-
hydroxy-benzyl) disulphide (BHBDS). These reactions were carried out
in order to investigate the effect of these byproducts a) on the
reaction b) as potential sources of bound intermediate during ageing of

natural rubber,
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4,261 Reaction of BHBMS with natural rubber latex

The reaction was carried out under following reaction conditions:

Initiator TBH/TEPA - 1.5ml / 4.5 ml of 10% TEPA

Concentration of BEEMS 0.008 moles/jcc gm N R

o]

Reaction temperature - 60°C
feaction time - 18 hours
Swelling time - 30 minutes

The experimental procedure was similar to that dg¢scribed in

Chapter 3,
Discussion

The I.R examination of the extracted vulcanisate shows a peak at
3620 cm"1, which corresponds to the nydroxyl group of the BHEMS and
confirms that it undergoes adduct reaction to natural rubber, The peak
area of the OH in the I.R of the extracted vulcanisate show;ii;%’fo of the
BHBMS has become bound to the rubber. A major <isadvantage of the
s ostem was the yellowish discolouration of the latex.

The oxygen absorption curves are given in Fig 4.1. The induction

period observed substantiates the fact that the LHBMS can undergo the
reaction with latex, It seems likely therefore that during the reaction

of BHEM with natural rubver latex in the presence of excess TBH, the

BHEMS formed as a byproduct can itself become bound to the rubber.

4.2.2 Reéttion of BHBDS with natural rubber latex

The reaction conditions and the procedure were similar to that
described in last experiment. 0,008 mole of BHEDS dispersion was reacted

with 332 ml of 30% latex (100 gm DRC).
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Discussion
I.R data obtained on the extracted vulcanisate shows a peak at

3620 cm™ ! corresponding to the OH group of BHBDS. This ik tvrrdenié, that
not only the BHEMS but also the BHEDS may be bound to the rubber.
However, the peak intensity of the OH peak of BHEDS is weaker than that .
of BHEMS and indicates that only 10-12% of the BEEDS become bound to the
rubber network. Again the major drawback is the discolouration of the
latex as in the previous case. The oxygen absorption curves given in
Fig 5.1 substantiates the fact that theBHBDS alsc can react with latex.

The data available is insufficient to put forward a clear picture
for the formation of the adduct. It is obvious from the I.R data that
the reactive intermediates of BHEMS are different from that of BHBDS.
In the case of BHEMS/N.R both benzyl radicalc and thiol radicals can be
considered as the intermediates whereas that of BHBDS/N.R possible

intermediates are disulphide.zad benzyl radicals,

H

2

|
2

I
S 7 ey
f‘J‘H 'Ch 14

€
of
)
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However, it has been found tha.t37 the decomposition of hydroperoxidec
by thiols, BHEMS, and BHBDS are in the same order. Scott and co-wnrkers’st?q
have identified that sulphoxides ave the initial byproduct formed during

the decomposition reaction, which lead to the formation of other

products with hydroperoxide,

o ROOH, < \3‘—15&%@

C I—€2SC }—12
X X

< ©><
Q,

X
i-iO(O\CHSSCi-I(O_‘--O[' O e < XCHSSCH O
[T 2 < :

X X

(
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4.3 Determination of degree of crosslinking

It is a known fact that hydroperoxides are used as crosslinking
agents for rubbers. Therefore during the reaction_, the formation of
crosslinks are inevitable since the media contain the hydroperoxide as:
an initiator. The degree of crosslinking also depends on the other
constituents present in the system and the rate of formation of the other
products during the reaction. The following experiments were carried ouf
to study the degree of crosslinks formed and it's effect on the adduct
formation. The degree of crosslink density was determined by the

solvent swelling method using the Flory- Rehner equation. 33
- ( 1n(1=v_) + V +xv2) = pVM-1(V%-Vr/2)
r r r = ac T

Where V. = VR/( Vo = Vo ) = Equilibrium swelling ratio
v, = Volume of rubber
Vo = Volume of solvent absorbed
X = Polymer solvent interaction constant
p = Density of rubber
V_ = lolar volume of solvent
Mc = Inter crosslink molecular weight

The crosslink density is defined as the number of crosslinks per

one gram molecule of rubber.

Crosslink density = 1/21“1c
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4.3.1 Crosslink density of unvulcanised TBC bound natural rubber

A set of experiments was carried out with different concentration¢
of TBEC and 332 ml of 30% deammoniated latex. The concentration of the
initiator was varied with the concentration of TBC and the experiments
were carried out under the following reaction conditions which had

previously been determined (chapter 3),

Reaction temperature -~ 55°-60°¢C
Reaction time - 18 hours
Swelling time - 30 minutes

At the end of each experiment the latex was coagulated, dried
and was then sheeted to a thin sheet of thickness 0.025 cm. The samples
were rewashed to remove traces of formic acid, dried in vacuum and three
Specimens of dimenaion 3x3 mm were cut., The specimens were weighed
accurately and immersed in hexane at 25°C until swollen to _ equilibrium
at this temperature, (approximately 2 hours, untill a constant weight
was reached). Samples were taken out, dried with a filter paper and
were transfered to stoppered weighing bottles and were then reweighed, 2
The samples were deswelled under vacyum at EOOC to a constant weight
and the difference between swollen and deswollen weight was considered
as the weight of hexane absorbed.

The Flory- Rehner equation was used to determined the Cross=-
link density. The volume of the rubber (VR) and the solvent(vs) was
calculated assuming tne density of solvent hexane at 25°C is 0.659 gm/c.c

Density of the rubber - 0. 9 gm /c.c

Value of X for natural rubber/hexane at 25°C - 0.513 gn/c.c
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4.3.2 Results:
Crosslink density of natural rubber with different concentrationsof

TBC and initiator

TEC concentration TBH concentration % of TBC Crosslink density
in moles in moles bound

0 0 0 0

0 0.009 0 | 0.69x10™4

0 0.018 0 0.20x10™>
0.0045( 1gm) 0.009 17.2 0.20x10™4
0.009 (2gm) 0.018 10,1 0.98x10™4
0.018 (4gm) 0,027 6.4 0.25x10™>

The graphical interpretation of the crosslink density vs initiator

in the presence of TBC and the absence of TEC are given in Fig 4.2

dehed Discussion

The results show that as the initiator concentration increases, 4
the percentage of the TEC bound decresses with the crosslink density of
the rubber., There are three major competmjreactions, which consume
the tert-butyl hydroperoxide during the reaction. They are a) reaction
of TBC with natural ruboer b) the formation of the byproducts c) the
crosslinking of the rubber molecules,

The crosslinking of natural ruboer in the presence of peroxides
such as , dicumyl peroxide and diterkbutyl peroxide have been extensively
studied ge and the following reaction mechanism has been put forward to

explain the formation of crosslinks.



Figure 4.2 - Variation of crosslinking density with

255 initiator concentration.

© — Without antioxidant \

@ — With TRC

:1.5. / /
'- /

Initiator concentration in moles / 100 gm of N.R

0.009 0,018 0,027
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(CHRCOQM s B S Erecn
73 33

The tert-butoxy radical abstracts hydrogen from the allylic
carbon atom, leaving alkenyl radical, which undergoes mutual combination

and addition reactions,

H (CH, ),CO°® CH
-cnz-g3=c3-cn s 1 CH.- & 2

2 2

-CH-C‘H-CH2

(R°) + (CH3)300H
+ R°*

CH3
-CH2-C =CH—?H-CH§—

-CHZ-C =CH-CH-CH§-

CH
B
or,
5 s
- CHy=C °=CH =~ CH=CHy= &> _ =CH,~C’- CH=CH- CH-
(R})
+ R ‘!L+ R;
£ x5
- CH,- - CH = CH - CH,~—- - CHz-? - CH = CH - CH,~-
o OH i Ol CH i = (e - e = (Hw (He (e
2 o 2 2 (':H 2
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The same reaction mechanism holds for tne crosslinking of natural
rubber with tert-butyl hydroperoxide. The formation of crosslinks is a
practical disadvantage in concentrated samples, However, it is obvious
from the curves given in Fig. 5.2 that the rubbers without antioxidant
(TBC) have been crosslinked to a higher degree than the rubbers with
antioxidant:(TBC)., This clearly indicates that the hydroperoxide <
used not only in crosslink formation but also in the reaction of TBC/N.R
as well as the formation of byproducts, Thetschematic diagram given
below illustrate the effect of initiator concentration on the reactions

involved during the adduct formation of TEC with rubber,

at high concentration et high crosslink density
> +
hizh TBC concentration high concentration of

stilbene quinone + less

of TBC adduct

TBH (ROOH)

e
\\\\\if_lower concentration low crosslink density
GE 18K } +
low TBC concentration low concentration of

stilbene quinone + more

of TBC adduct
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4553 Crosslink density of BHEM bound unvglcanised rubber

The experimental procedure was similar to the one described in

last experiment and the reaction conditions were as follows.

Reaction temperature - 60°C
Reaction time - 9 hours
Swelling time - 15 minutes

Three specimens were cut from each samples and crosslink density
fhe ’
was determined by using, Flory equation. It was found that the BHEM bound

rubber samples were completly dissolved in hexane,

Table 4,3

Crosslink density of BHBYM bound rubber

BHEM concentration Initiator concentration % of BHEM Crosslink
in moles//o0 4 N R in moles|rwgm N R bound density
0 0 0 0
0 0.008 0 0.6x1074
0 0.016 0 0.17x10™
0,004 0.008 71 o}
0.008 0.016 70 0
Discussion:

The complete solubility of BHEM tound rubber in hexane confirms
the absence of crosslinked molecule in the network, This clearly
demonshiales that the tert-butyl hydroperoxide has been compleﬁly used up in
BHEM bound reaction andflhe formation of byproducts, t is evident from

these results that the rate of. formation of BHEM adduct is faster than

that of the formation of crosslinks, The thiol radicals formed during
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the reaction immediatly attack the double bond of N.R or the other free
radical available in the system, which does not give an oppertunity for

the carbon radicals on the rubber molecule to crosslink with each other.

4.4 Determination of unreacted TBH after the bound reaction

At the end of the reaction , the rubber serum after coagulation
was tested for unreacted tert- butyl hydroperoxide by the iodiometric
method in the case of both TBC and BHEM. One gram of-sodium iodide was
added to the acidified serum and was heated for few minutes. It was
found that the colour of the mixture .remained colourless and is concluded

that the TBH has been utilized in both reactions.

4.5 Reaction of thiol esters with natural rubber latex

The reactions of following two thiol esters were carried out with
natural rubber latex.,

a). 3,5-ditert-butyl#-hydroxy-benzyl-thio= glycdlic ester

3 Q
HO(O}CHE—O-C—GHS]-i (BTGE )

X

b). 3,5-ditert=butyl-4-hydroxy-benzy — thio propionic ester

X

Ho-(O\CH -0~ C CH- C!—jZSH (8TPE)

X
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The procedure was similar to that d scribed in the BHBM/natural
rubber reaction. 2 gm of the thiol ester dispersion was reacted with
332 ml of 30% latex at 60°C for 12 hours under a nitrogen atmosphere,
The latex was then coagulated, dried and was extracted., The I.R
technique was used to estimate the amount of ester bound and their
effectiveness as antioxidants were studied by oxygen absorption test.

Curves are shown in Fig 4.3

4.5.1 Results and discussion

ihe -
The presence of,peak at 3620 cm 1 after extracting - - boththe

vulcanisates, confirms that the thiol esters can be bound to rubber

under similar conditions to those used for BHEM. Measurment of the
hydroxyl peak by I.R shows 57% of the adduct formation based on thiol (7PE)
whereas carbonyl indicates 20%. The disagreement between the results

can be accounted for interms of masking of the carbonyl peak by other
peaks, (see figure 4.:3?:1 incorrect carbonyl estimation., The hydroxyl
peak on the other hand, was clear and distinct (see figure 4.4), theref;re
the grafiing of 57% is more acceptable and is in accord with the results

4 ¢
obtained for EHEM, Oxygen absorption., supports the idea that propionic

'I‘)’ r',nq.[(_'-rr v o} ANAM,
J

ester is more effective than - the. ' glycolic ester and the stiructure

of the ester bound rubbers can be represented as follows.

CH CH

~- CH,- CH - (JJH - CH,- CH,= C = CH--

S
f
CH

¥ |2

&5

HO /)ca o Do C u 0
2
N
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There is evidence for the relative effectiveness of the thiol esters
such as , thiodipropionic esters, when used alone as stabilisers in
polymers, Recent research by Shearn87 has shown that they are
powerfully synergistic with phenolic antioxidants. The reason for this
apparently low activity of the sulphide, when used alone is associated
with initial pro-oxidant effect. In com bination with phenolic antioxidants
the pro-oxidant effect is reduced resulting in powerful synergistic

behaviour,
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CHAPTER FIVE

MODEL COMPOUND STUDIES

The difficulties involved in studing the mechanisms of chemical
reaction in polymers are mainly related to the cé%lexity of the poiﬁer
network, Consequently simple chemical or physical procedures cannot be
used in evaluating the behavior of polymers during autoxidation. The
study of analogous compounds of lower molecular weight is an obvious
Aeehnique for overcoming these difficulties. . Knowledge of the steps
in;olved in the oxiﬁ?tion and degradation of high polymers has . emerged
from the modeifgtﬁgges mainly from the work By Farmer, Bolland and their
coworkers at ERFRE? in the field of natural rubber and Green Cole ,at al,
and Sheltoé&in the field of synthetic rubber,

In general these studies include the determination of a) the major
end products that are formed and b) the most probable mechanism by which
they were formed. For instance, workers in NRPRA successfully studied the
end products of the reaction of N,N-diethyl-p-nitrosoamine with 2-methyl-2
pentene to derive the mechanism for the same compound with natural rubber,
Similar studies were carried out by Scott and coworkers to study the
mechanism of the addition of hymdered phenolic nitrones and amine nitrones
to natural rubber%z Similarjy model compound studies of BHBM with natural
rubber has also been investigated?:6 The same ‘ieqhnique was used in tetrilin
to study the antioxidant behavior of polypropylene antioxidants?o

In the present study, this technique has been used to investigate
the mechanism of the following reactions,

a) Reaction of 2,6-ditert-butyl-4methyl phenol with natural rubber.
b) Reaction of (3,5-ditert-butyl-4hydroxy) benzyl acrylate with natural

35
ruboer to complement the work done by Amarapathy,
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c¢) Reaction of BHEM with natural rubber using tert-butylhydroperoxide
as initiator.

5«1.1 Reaction of TBC with 2-Methyl-2-Pentene

Procedure:

2 gm (0,009 mole) 2,6—ditert—bp§y1~kmethyl phenol was dissolved in
excess (10 gm) of 2-methy1-1?énte;2f;n a three necked flask fitted with
a reflux condenser, thermometer and a dropping funnel, The temperature
of the mixture was maintained at 55°C- 60°C and then 1.6 ml of tert-butyl
hydroperoxide was added slowly,followed by 4.5 ml of 1qz tetraethylpentamine

solution., The solution was refluxed for 24 hours under N, atmosphere,

2
At the end of the experiment, the lower boiling fractiond 100°C
was collected by distillation and was identified by gas liquid chromato
-graphy., The results are shown below.
The remsning reddish product was washed with distilled water and
was then dried under vac.um. Column , chromatography was employed for the
separation of the solid mixture. The polarity of the solvent sysiem was
varied gradually from redistilled pet-ether to methanol, Silica gel ,-which
was previously washed with ether and dried was used as the separating
mediamof the column,

The reddish residue was dissolved in methanol and was tnen ,eluted
through the packed silica gel .¢olumn by varing the polarity of the
solvents from pet-tther to methanol as eluent.,.EBach 10 ml of the eluents
were tested by thin layer chromatography for the pure cé;onents. By this
method six major components were collected. The minor cé%onents observed

on tne T.L.C plates were insufficient for furthéar analysis. The yield,

melting point and spectrgscopic data are listed below.



92

First Component:

White crystalline product -M. P. 67-68°C Yield 62%
I.R. Data:
Phenolic - OH at 3620 cm™

N.,M.R. Data:

Singlet at 2.9 < aromatic protons
Singlet at 5.4 1 phenolic proton
Singlet at 8,9 T tert-butyl p;*:otons
Singlet at 7.2 1 methylenic protons

Mass Spectrum:
 peaks appeared at 220, 219.

The probable structure is unreacted 2,i-ditert-butyl--methyl phenol

OH

@

CH

X

Second Component:

Lightly yellow crystalline product - M.P. 84°C, yield < 0.2 gm. (2%)

I.R. Data:

Phemolic - OH at 3620 cm™ |

Olefinic double bond at 1640 cm™
N.MR. Data:

8y, Singlet at 3,0 = 3,1 < aromatic protons

b, Doublet at 4.5 + olefinic proton
Ccy Doublet at 7.8 - 7.9 methylenic protons attached

to aromatic ring,

d, Multiplet at 8,3 = 8,4 T proton at allylic position
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e, doublet at 9.0 T protons of = CH3 groups
f, doublet at 8,5 T 2 - CH3 groups attached to
double bond.
g, Singlet at 8.8 % tert-butyl protons
h, Singlet at 5.4 1 phenolic proton
Mass Spectrum:
Parent peaks appeared at 302,219,83

The probable structure is

(h)

QH
(@)

)

CH CI'#’-‘-‘

| 3 | 2
CTH—=G=CH-CH-CH
(i3 by ) ©3

Third Component:

Yellowish needle shapedcrystals, On exposed to air gradually turned -
to reddish orange product. Melting point - decomposed > 30000. Yield
< 0.1 gm, This was preserved in a sealed tube to prevent oxidation.
I.R. Data:

Phenolic - OH at 3620 cm™ |

NM.R. Data:

Singlet at 3.0 T aromatic protons
Singlet at 5.4 - 5.5 ¢ phenolic proton
Singlet &t (.t T methylenic protons
Singlet at 9.1 T tert-butyl protons

Mass Spectrum:

. peak appeared at 219.
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The probable structure :

HO CHCH OH
i W

Fourth Component:
Sparkling white crystalline solid, M.P. 13700, Yieid < 0,1 gm.
I.R, Data:

Phenolic - OH at 3620 cm '
Hydrogen bonded - QOH at 3500 cm

N.M.R. Data:

Singlet at 3.0 Y aromatic protons
Singlet at 5.4 <Y phenolic proton
Singlet at 6.8 71 methylenic protons
Singlet at 8,9 T tert=-butyl protons
Singlet at 4.2 T hydroxyl proton

Mass Spectrum:
& o peaks at 236,219 .

Probable Structure :
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Fifth Component:

Off white crystalline product, M .P 189°C, yield 0.26 gn.

I.R.Data:

Phenolic - OH at 3620 cm™

Carbonyl peak at 1670 cm™ '
N.M.R.Data:
Singlet at 3,0 7T aromatic protons
Singlet at 5.2 T phenolic proton
Singlet at 8,9 T tert-butyl protons
Singlet at -0.2 L aldehydic proton
lMasgs Spectrum:
peak at 234.

The probable structure;

Sixth Component:

“Réddish needle shaped crystals, yield 0,2 gm., Deccﬁ:osed on 'nea.tin_b to
a black mass above 30000.

I.R.Data:

Carbonyl peak at 1680 e

Conjugated aromatic peak at 1600 em™ ]
NJ4.R.Data:
Multiplet at 2,0 = 3.5 ¢ protons of aromatic congugated system

Singlet at 8.5 tert-butyl protons

!



96

Mass Spectrum:
b - peaks at 434, 217.

The probable structure:

The low boiling products were identified by G.L.C. The retentiomtimes
obtained from the mixture were the same as for the retention times of
2-methyl-2-pentene and tert-butyl alcohol.
Retention times of the mixture: 4.35, 4.25 minutes.
Retention times of pure redistilled 2-methyl-2-pentene and tert-butyl
alcohol - 4.25 and 4.35 minutes respectively.

The following compounds were identified as the products of the

reaction of 2-methyl-2-pentene with TBC.

(I)H ?H
Q) 0
CH CFHl ClH

3 {3 [“:9

Cl—g— C=GCH-CiH- CH,

ke
2-6-ditert-butyl-4-methyl phenol 2,methyl-4{benzyl-5 =5 ditert=-butyl

Yield (%): 60 ~¢-hydroxy )-2-pentene
yield (%): < 10
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X
ol Dopu o
g2
X

Bis-(2,6-ditert-butyl benzyl phenol)

Yield (%) ¢ €5

X
X

Stilbene quinone

Yield (%): 10

o, W
3

O - —O
I
o

Tert-butyl alcohol

Q

CHOH
2

3¢.5=ditert-butyl-4-hydroxy

benzyl alcohol, yield (%)s 5

3435-ditert=butyl-4-hydroxy

benzaldehyde, yield(%):13

Unreacted 2-methyl-2-pentene
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Seled Discussion

At the end of the reaction, 60 % of TBC remained unreacted and
only 10 % of the TBC reacted with 2-methyl-2-pentene., The results is in
accord with the reaction of TBC with natural rubber. Therefore one can
suggest that the raie of the reaction is slow, even in organic solvent
medium., However, the second component throws light an the reaction
mechanism of the formation of TBC bound rubber, as well as understanding
the ageing behavior of the bound antioxidants, I% is obvious from the
data available that the reactive part of the 2-methyl-2-pentene is the
allylic hydrogen. This is directly attached to the 4-methylé¢nic position
of TBC and is not formed by addition reaction of TBC to the double bond.

According to the above identified compounds, the plausible reaction

. '\.5
mechanlsmﬁas follows,

CH CH
[ 3 TEPA [ 2 :

CHB- C =0=0E ~———— CH3- C =0° 4 "OH ~{1)
J 39

Ciy CH,

i e CBs Gl
| |
CHa— C=0°" 4 H-CH —_— *CH + CH3- C = OH
" | [ ‘
CH5 %H ﬁH CH3
S Lo
CH3 CH3

Hoe C = =C‘-E~I 5
CnB c CH H-C 3 1
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The formation of tert-butyl alcohol was identified by G.L.C. The
structure (1) is stabilised by resonance as shown above, but the
attachment of TBC to thé stable (11 ) radical was not observed., This is
probably due to the sieric hinderancccreated at the carbon atom by the
two methylénic groups, and the size of the TBC radical. The intermediate
quinone methide may be responsible for the attachment of 4—methwiinic

group to the 2-methyl-2-pentene and can be represented as follows.

(:" (o)
X X % X
ON A
Sl 88
CHz CH3
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There is considerable - - . evidence for the & existence&the

quinone methide intermédiate as well as the intermediate benzyl radical,

Filar and Winstein®’

have attempted to prepare the quinone methide by
shaking a solution of TBC with lead dioxide or silver oxide. The resulting
product formed was found to be stilbene quinone, This led them to

suggest that the quinone intermediate formed during the reaction is so
reactive that it immediaf¢ly dimerised to stilbene quinone, The existence
of quinone was further substantiated by the work of Béconsall et a1,21

19

using electron spin resonance. Waters ’ also suggested that the benzyl

radical is responsible for the formation of stilbene quinone. Westfahlgl
has demonstrated ' -=. the formation of quinone methide and benzyl

radical in the presence of an oxidising agent. He proposed thaérguinone
methide can be prepared by the denydration of the corresponding phenols,

using Lewis acid.

However, as already mentioned earlier, the quinone methide can be
considered to be the main precursor, which is responsible for the formation
of the identified products., The mechanism for benzyl alcohol and

stilbene quinone can be derived as follows.
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X X
Ho’_\m C </_\OH
K}(Q 5 _{

(O]

|

The conversion of the bis—— benzyl phenol to the stilbene quinone was
evidencedby its change in colour when on exposureto air. The yellowish
ed
colour chang, first to the reddish orange stilbene quinone and on

further heating decomposed at 300°C to a black semi-solid mass.

the
Aldehyde derivativesalsc can be aerived through quinone methide
22 ;
intermediate as explained by Scott and Posh@tL
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% o ROD X
5

v

CH CH O0OR
2 =
HO
E
O
o :
X >< »
CH. OH + RO
H—0
2
O
X X
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B lel Effecta TBC and initiator concentrations on the reaction of

TBC with 2-llethyl-2-pentene

The procedure was the same as that déscribed earlier for the
reaction of TBEC with 2-methyl-2-pentene,A set of experiments was carried
out with different concentrations of TBC in excess of 2-methyl2-pentene
(20 gms, 0.24 moles ). The concentration of the initiator (TEH/TEFA)
was increased with respect to the concentration of TBC in the ratio
2¢), The resulting product 2-methylv(—41benzy13:5;4-hydroxgygqpentene
(MBTHP) and the stilbene quinone were separated by column chromotography

and the yield of the products were noted.

Results
Table 5,1 :

TBC concentration TBH concentration Stilbene quinone MBTHPfI;
in.m?}eajﬂgjfi, in molea}gf_ymx in moleq/afjm; moles/i:-Jm%
5,509 S0 T LAl 0.018 0.00003 0.00014
0.018 0.036 0.00023 0.00026
0.027 0.054 0.00035 0.00031 ~
0.036 0.072 0.00055 0.00032
0.045 0.090 0.00090 0.00033

The variation of the concentration of MBTHP (model compound) and stilbene

quinone with concentrations of TBC and initiator is shown in Fig.5.1

Discussion:

This set of experiments was carried to study, how the concentrations

If"-é
of TBC and initiator affect,yield of the product MBTHF and reddish

th
stilbene-quinone, which causes the discolouration of the latex at high

concentrations, It is clear from the curves shown in Fig. 5.1, that the



Concentration of Stilbene Quinone
Concentration of model compound

x/1 0_:3 in moles

008‘

0.7

0.6
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0.4

o
N

o
-
()]

Figure 5 .1

- Effect of TBC concentration on the final products

X — Stilbene quinone

© — Model compound

U009 U, 0TS 0,027 U.0356
Concentration of TBC in moles/ao g Y~Me - Rentent

0.045
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rate of formation of stilbene—quinone is faster at high concentrations

of TBC and initiator. However, = conveisely .« o = high yield of METHP

was observed at lower cé@entration. Such similar trends were observed

in TBC/natural rubber reaction. This appears to suggest that the formation
of stilbene-quinone is unavoidable in both the aqueous as well as in the
organic phase., Both systems . = - (s [N.R/TBC, 2-methyl-2pentene/TEC)
clearly distinguish that the yie}d of the stilbene-quinone is minimised

ang

at lower concentrations of TBC , initiator and in excess of natural

rubber or 2-methyl-2- pentene,
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buty|
5.2.1 Reaction of (3-5-ditert-4-hydroxy) benzyl acrylate (DBEA)

with 2-methyl-2pentene,

The procedure was similar to that for TBC/2-methyl-2pentene -
experiment, At the end of the experiment three fraction: were seperated,
The first fraction was a volatile mixture, which was collected at 130°C
and the products were identified\fw]g?s liquid chromotagraphy.

Retention times of té;ﬁi:;tﬁr: j‘s - 4.25, 4.35, 12 minutes,

Retention times of the pure (redistilled) tert-butyl alcohol,
2-methyl-2-pentene, and acrylic acid are 4.35, 4.25, 12 minutes respectiwly

The second fraction was a solid mixture, which was sepgrated from
the resinous phase by washing with ether and then with methanol. This
was then concentrated and was dried. The mixture was separated into its

components by columrr chromotography as in the last experiment and six

major components were observed and were identified by spectral analysis.

Results:
The first component was a slightly yellowish crystalline compoumd -
M.P 84°C, yield < 0.1gm. The N.MR, I.R and mass spectra were the

same as that of the second compound observed in TBEC/2-methyl2-pentene.
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Second component:
Yellowish product M.P 6900, yield 0.6 gm.
I.R data:

free phenolic at 3620 CM”

ester carbonyl at 1830 cm™ !

vinyl double bond at 1640 cm™ '

N.M.R data:

Singlet at 3.6 T aromatic protons
Multiplet at 4.3 = 4.5 ¢ vinylic protons
Singlet at 5.4 < phenolic proton
Singlet at 8,7 X tert-butyl protons
Singlet at 5.8 methylenic protons

The probable structure is unreacted (3y,5-diteri-butyl-4-hydroxy)acrylate

CH-0-C-CH=CH
2 2

Third component:
Yellow crystalline product, gradually turned to orange reddish product,
Spectral data are similar to the third component of the T3C/2-Me-2pentene

reaction.
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Fourth component :
Sparkling white crystalline solid , M.F 13700, yield 0.2gm.

Spectral data are similar to the fourth component of TBC/2Me-2pentene.

OH

CH Ol
2

Fifth component:
White crystalline solid , M.P 189°C., Spectral data are similar to the

fifth component of TEC/2Me-2pentene.

Sixth component:
Orange reddish needle shape crystals, decompose above 50000 to a black
mass., Spectral cata are similar to the stilbene-~ quinone of

TBC/2-methyl-2-pentene,

X ___X
o=( H~C 14.:(’_>=c:
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Analysis of the resinous phase:
Yellowish resin ,
I.R data:

Esfer carbonyl at 1830 cm1
Weak vinyl peak at 1640 cm™
Sharp peak at 3620 cm™!| phenolic OH
Broad peak between 3500 c‘.m1 - 3300 o™

Probably polymerised product of DBBAwith 2-methyl-pentene, yield 3G/%

The.following compounds were identified as the products of the reaction

of DBBA with 2methyl-)-pentene,

» 1 i
2-methyl-4(benzyl-3 =5 =ditert-butyl-4-hydroxy)-¥pentene

o
els

"
|
A

=]
e CHO
355=ditert-butyl-ghydroxy 3¢5=-ditert-butyl-y-hydroxy

benzyl alcohol benzaldehyde
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CHOG-CH=(}
2 2
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Unreacted 35-ditert-butyl4hydroxy

benzyl acrylate

X

HO< »=CH CH= OH
==/
X

Stilbene quinone

CHOGRCI+CH
| 2-N

—-C—C |"'1.=C [

X %
2. g

X X

Bis(2;t-ditert-benzyl phemnol)

CH=CHCOOH
2

Acrylic acid

Unreacted 2-methyl-2-penterse

Yrobable structure of the resinous product
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Bl sl Discussion

Amongst the identified products benzyl alcohol and acrylic acid
were found to be major products. Therefore it can be suggested that
during the reaction the benzyl a,crylatq (DBBA) was hydrolised into its

/9,
components due to water present in the TEPA.

OH OHX
40 X
XO A %, O + CHECHCOOH
7
L H20 G-CH=C H2 C %OH

Amarapathy35 has shown that benzyl alcohol can be
reacted to natural rubber under similar conditions. Again
as in the previous case the presence of the guinone methide
intermediate is responsible for the formation of products

during the reaction.
0
2 AN
ROOK Q/ + ROH

CHOH CHOH
2 W 2
1] N
X % )
| + OH
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The rest of the reaction mechanism is similar to that deéscribed in
TBC/2-methyl-)-pentene, in the formation of MBTHP, benzaldehyde, bis-- benzyl
phenol, and stilbene quinone.

During the reaction, acrylic acid was formed by hydrolysis of
DBBA, which then co-polymerised witﬁfgenzyl acrylate resulting in the
formation of resinous product. However, the presence of absoption at

-1

1640 cm ', which corresponds to the double bond of 2-methqu—pentene,

frHi‘I
indicates that /h¢ is chemically attached to the resinous product, which

contains phenolic OH as well as C=0 and appear at 3620cm™', and 1830cm™"
respectivly. The conclusion that emerges from these studies is that DBBA

grafts to natural rubber, but in addition direct bonding of benzyl alcohol

to natural rubberoccurs via the quinone methide intermediate.

Co-polymerisation reaction

X S X o
. Ql £ CHCS CHCHCH .
7

. y Enz Crg e | |
/O\ ' *CHCr—rC—-CH OR ﬁ\r
| LY |
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The reaction of benzyl alcohol with natural rubber is again via the

quinone methide intermediate as déscribed earlier, (Se¢e p 49)

OH
; I | ChH wh ¢

+~CH-C = CHCH- 3 —CHC=CHCH=

2 2 2 CH

{2

CH :

- ®
x\l/x

OH

This is in accord with the reaction of DBEEA with natural rubber ¢ing it

F(“H‘f
has been shown that the grafting of DBBER occurs through graft co-polymerisation
In addition to that DBBA was found to ve hydrolysed during the reaction

and benzyl alconol was observed as the major by-product. & discrepancy

between the estimation of bound antioxidant by OH measurment and u=0
measurment has been revealed at different concentration of DBBA, 4t lower
concentration, relatively high level of reaction is achléved with DBBA 3
and benzyl alcohol ,which is a hydrolysis. product of DBBA, indicating
high estimation in UH measurment. Wwhere-as at high concentration the
reverse is true = due to the formation of stilbene quinone as in
TBC/natural rubber reaction, and graft co-polymerisation of excess

acrylic acid during the reaction , with natural rubber resulting in uigh

estimation in C=0 measurment
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5.3.1 Reaction of (3,5-ditert-butyl-4phenol)benzyl mercaptgn with

2-methyl<i-pentene.

The addition reaction was carried out in a three necked flask, fitted
with a condenser, thermometer, 5 & dropping funnel. 0,008mole(2gm)
of BHBM was dissolved in excess Z-methyl-)-pentene(10gm, 0.11 mole)
foll owed by 0.008 moles of TBH., The temperature of the mixture was
maintained at 550-6000. The reaction was carried out for 9 hours
under nitrogen atmosphere.

The unreacted J-nethyl-pipentene and low volatiie fractionswere removed
by distillation and the resulting oily liquid was. distilled under
vacuum, A light yellow o0ily product was collected at 14200 at 0.05mm-0. 1mm
Spechvostopy, .

pressure, This fraction was identified by infra-red N.M.R and mass

Spectiroscopy.

I.R data:

Phenolic OH at 3620cm™ |

Absence of the peak at 1640{:111_‘I confirms that the compound is
fully saturated.

NJM,R data:s

Singlet at 3.0 a- aromatic protons

Singlet at 5.0 b- phenolic proton

Singlet at 6.48 ¢~ metanylénic protons
Multiplet at 8.4 d- methylénic protons
lultiplet at 7.6 e- methylénic protons
3inglet at 8.8 f- tert-butyl protons
Triplet. at 9.0 h~ methylénic protons

Doublet at 9.2 g~ methylenic protons
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Mass spectrum shows _ ; peaksat 336, 251, 85,

The probable structure is

o1{?
X X

a

Hic)
2

=

l
FCH-CH-CHD
N © S
CH, CH

i 2

Discussion :

The above result parallels the model compound studies of the
36

reaction of 2-methyl-2¢pentene with BHBI using AZEN as initiator. Jones
g5

and Reid have observed that the additien of thiols to - unsaturated

compounds in the presence of *: . peroxide initiators follows the anti-

1
Markovnikoff s addition. Similar studies were carried out with thio-

-

o2
phenols and cyclohexene by tunneen and ii was shown that the addition .

was again anti-lMarkovnikoff in nature. The possible reaction mechanism
and the reaction path for the addition of mercaptgn(siEl)-to unsaturated

nyarocarbons can ve represented as follows.

Ol4 OH
r I
X/\X RQOOH X@X
\H_// “k\v//)
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:
CH
' CH
I3
[::] + CH—-C=CH-CH
X X 3 23
|
OH
CH_
S |
CHFC~Cl=C H
7. { 2.
:
ChH
2
X : X hf
OH f]ZHz::rI
i)
| .

CH l xKI/X
L A 5
H-C IH-CH-~

i 208
el 'SCH
H
choioe
XL\\T//JX X ‘ X
o OH

The same mechanism almost certainly holds for the reaction of BHEM

with natural ruober,
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CHAPTER SIX

6.0 Technological ageing properties of bound antioxidants in latex

derived vulcanisates

The most important properties of rubbers are their elasticity and
strength. This is particularly true in applications such as , pneumatic
tyres, where the rubber undergoes continuesuc= stress and strain, The
deterioration of these properties in service normally determines the
useful life of the articles, The rate of loss of tensile strength of
vulcanized rubber, even in the absence of added antioxidants, is much too
slow at room temperature to be a practical technique for assescing the
useful service life of rubbers. There are two ways, in which the rate of
oxidations may be speeded up to give the decay of physical property of the
order of days instead of years. These are (a) increasing the temperature
of the oxidation (the air oven) and (b) increasing both the temperature
as well as the partial oxygen pressure. (The air bomb and oxygen bomb)
Kohman?;as shown that the absorption of a few tenths of 1% oxygen is
sufficient to reduce the tensile strength of a rubber vulcanisate by 50%.

Deterioration is not necessarily uniform througﬁtihe rubber, since
the formation of cracks (flex or ozone cracks) seriously weaken the
structure of any article under stress, This is particularly serious problem
in rubber subject to both static and dynamic strains, For applications,
where rubbers are not subjected to dynamic stress, strength may be less
important than appearance, In light coloured rubber articles, the
development of stain due either to agents added to assist in vulcanisation

N . . o s 4
or from the antioxidants themselves, may be, serious disadvantage.
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Ageing under condition of stress is much more rapid than is
"shelf ageing" and is manifested particulary under dynamic conditions by
the development of deep cracks, which rapidly weaken the rubber siructure.
Two methods are commonly used - to asses: the degradation of cracking
in a rubber strip , after exposure to air at high temperatures. The first
involves the measurment of the number and depth of the cracks in a given
area, where the rubber subjected to standard strain. The second measuf@ent
asses; cracking in terms of the stress velaxation or creeé, which occurs in a
stretched strips This does not give an indication of the cracking pattem,
. which may be one of the most important factors, which determines the
useful life of the rubber article, (eg. a tyre sidewall)
The technique of oxygen absorption is a complementary procedure for

measuring the oxidative behaviour of polymers. This technique provides

particular:* valuable informations regarding the chemistry of the oxidative
behaviour of rubbers and in combination with technological and physical

infoymadion about

techniques, provides the efficiency of oxygen in bringing about crosslinking
or scission of the polymer chain, .

The following chapter is concerned with the physical properties of
antioxidant-bound rubber vulcanisates during ageing and with their effective-
ness as antioxidants, Three techniqueshave been used in studing this ageing
behaviour viz: (a) Tensile properties, which determines the effectiveness
of bound antioxidants in the retention of mechanical properties, (b) Stress
relaxation, which is a useful means of assegsding the degree to which an
antioxidant can protect a rubber vulcanisate in service and particularly
in the case of vulcanisates having a high surface area to volume ratio,

such as | elastic fibers and films, Several changes in the network

structure can occur during heat ageing; scission of the main chains and of
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the crosslinks, the formation of ' =+ more crosslinks of the same type as
those already present or of a different type, which may be immune. to
further scission. This technique provides ° « information: regarding
the scissione crosslinking reaction of rubbers during ageing and the point
of attack of oxygen in rubbers. This is found to produce a very
satisfactory distinction between antioxidants.finally,(¢) Oxygen absorption

)5 4he
test, .;.assesitintrisic activity of the bound antioxidants,

6.1 Tensile properties of rubber bound antioxidants in latex form

There has been increasing interest in recent years in high moleculay
weight antioxidants. The reason for this is essentially practical, since
it has been shown that under certain conditions of antioxidant:; testing
which are relevant to service condition, antioxidanti loss from the
polymer can be a dominating factor in determining their effectiveness. !
This is particularjy true in thin films such-a$, rubber threads, surgict k="

gloves etc,whbich: are routinely bathed in various media, which can - :

remove thne commonly added antioxidants , therebyy reducing service life._
The following experiments were carried out to investigate rubber bound
antioxidants in thin films as antioxidants, under aggrec<siv®-» environmental

conditions.

6.1.1 Experimental Procedure:
Preparation of 50% dispersions of vulcanising ingredients in water
Allthe dispersions were prepared in ball mills and were milled for
24-48 hours. The formulations of the dispersions of different vulcanising

ingreiients are given below.
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50% sulphur dispersion:

Sulphur - 1000,0 gm
Dispersol IN - 40,0 gm
10% casein solution - 200.0 gm
Water - 760,0 gm

milled for 48 hours

50% zinc oxide dispersion:

4

Zinc oxide - 1000.0
Dispersol IN - 40,0 gm
Water - 960.,0 gm

milled for 24 hours.

50% zinc dithiocarbgmate dispersion:

ZDC - 250,0 gm

10% f)ispersol IN - 50,0 gm

1% ca.SEin Sl:ib\ill.-'[,l - 50.0 gm

Water * - 150,0 gm
64142 Prepgration of thin latex films

Latex compounds of the composition given in table 6.1 were prepared,
matured for two days by gently stirring and wef then filtered through &
wire gauzg, Films were cast in glass moulds of cavity thikkness 1mm ,
to produce a dried film of #mm thickness. Half of each films were
leached in distilled water at 60°C for 30 minutes, rinsed with distelled
water and was then dried at low temperature.

All the films were then vulcanised for 30 minutes at 120°C in hot
circulated air, only one type of film being vulcanised at a time in order

that antioxidant migration or contamination »% would not interfere with
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final test results, Set of films were then tested for normal modulus,
tensile strength and elomgation. (see chapter 2 ) Furtheér set of films
wele then aged in hot circulated air at 70°C for 7 days; (b) boiled in
2% ¥ide for 1 hour, rinsed in distilled water, dried and aged for 3 days
at 70°C in circulated air; (c) washed in 80:20 :: petwther:toluene,
dried and aged for 3 days at 70°C as in (b). The usual modulus, tensile
and elongation properties were retested after the various ageing

procedures, <The details of the testing procedure was'supplied by GuthrisLtd.

Table 6,1
Ingredients Wet weight in gm dry weight in gm

60% natural rubber latex 165 100.0
50% Zn0 3 1.5
506 ZIC 2 1.0
50% sulphur 4 2.0
2096 vulcastab LW 025 0.05
Gele3 Sehaviour of antioxidants a3 additives

A set of filmg was prepared as déscribed earlier by incorporating
2gm of the antioxidants. Then tensile properties of unleached, leached

and aged films were tested.



Formulation

code
Without
antioxidant A
2gm of BHEM
as an additive B
2gm of TEC as
an additive c
2gm of Nonox
WSP(conventional

antioxidant) D
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Table 6,2
Unleached films

T,S in Kgm/cmz %elongation

306

284

298

285

Table 6.3

Leached films

T.S in Kgm/ %elongation
al bieclc cm® ot breek
870 266 880
890 281 890
880 274 865
880 277 880

Tensile strength of aged films in Kgm/cm2

Yormulation

code

Oven aged at ?OOC

for 7 daye

143
188
174
179

2% detergent washed/

aged 3 days at TOOC

143
159
197

220

Solvent washed/

aged 3 days at 70°C

176
168
142

150
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Table 6.4
Percentage retention of tensile strength of the aged films

Formulation Initial T.S Aged for Detergent washed/ Solvent washed/

in Kgm/cm2 7 days aged aged
code
A 306 47 - 47 58
B 284 66 56 59
c 296 58 66 50
D 285 63 4 53

The poor performance of the added antioxidants us evident from the

above results.

6.1.4 Behaviour of rubber bound antioxidants

A set of films was prepared from the bound antioxidant latices
- ||y‘-r|‘])
as described earlier, The tensile properties of the unleached, leached

and aged films were tested,

Table 6.5
Tensile properties of unleached and leached films
Formulation Unleached films Leached films

P8 in Kgm/cm2 “elongation 7.8 in Kgm/emz %elongation

code
BHEM bound
(2/100gn) B 279 390 280 860
TEC bound
(2/100gm) < 283 850 279 850
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Table 6,6
Tensile strength of aged films

Oven aged for
7 days at 70°C

2% detergent washed/
aged 3 days at 70°C

271 256

281 278

Table 6.7

Solvent washed/
aged 3 days at ?OOC

281
266

Percentage retention of tensile strength of the bound antioxidant

Formulation

BHEM bound B

TBC bound C

Without

antioxidant A

Nonox WSP D

545145

gystems after ageing

Initial Air oven
7.5 in Kgm/cn® aged aged
279 97 92
283 99 97
306 47 Sy
285 63 77

Discussion

Detergent washed7 Solvent

washed/aged

100

98

58~

53

Tables 6,2-6,7 compare the modified latices containing bound TBC

and bound BHEM with latex containing one of the most effective of the

commercial bis phenols (Nonox WSP) as?conventional additive in latex

formulations,

It can be seen that when subjected to solvent or detergent

washing followed by ageing these rubbers show almost complete retention

of tensile strength under conditions; where the conventionally stabilised

rubber shows extensive degradation,
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o I

- CH2- C = ?E’:’CH - CH2-- == CH = CH = ?H - CH2--
S
§ '
e
X | X X I
OH Okl
TBC bound rubber BHEM bound rubber
CH OH OH CH
4" ’ 3
AT Y
\l/ ([:}
H 5
Cr—|3 5 .

Nonox WSP (conventiopally added antioxidant)

Infra-red examination of the solvent-extracted rubbers shows that the
bis-phenol is removed comple{}y from natural rubber under these conditions,
whereas 70% of the original BHEM and 10% of ; © TBC remained bound
to the network. What is much more surprising is that relative ineffectiveness
of the bis-phenol in a conventional air oven test compared with the
bound systems. This is consistent with the behaviour of the lower
molecular weight bis-phencls in polypré}lene déscribed by Plantt It
demonstrates that under aggressive conditions in large surface area to
volume samples, intrinsic activity is much less important than is

al"ﬁi
molecular weighthhence "y volatility,
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6.2 Reactions of hindered phenols with prevulcanised latex

commeveielly
e Phrtilyg prevulcanised latices are prepared by incorporating

the vulcanising ingreiients with rubber latex and then partially
vulcanising by heating. This is therefore of cé?iderable practical
interest to the producers and the users of the ruboer latex and the
products are made directly from it, for instance, teats rubber threads
gloves etc,. The following experiments were carried out to examine
the reaction of hindered phenols such as TBC, BHEM and their effectiveness
as bound antioxidants in prevulcanised latices,

The prevulcanised latex was supplied by Revertex Ltd and was

formulated as follows.

Ingredient wet weight dry weight
60 natural rubber latex 167 gm 100 gm
ZDC - 0.4
sulphur - 0.%
Zn0 - 0.2

lo
This was diluted with equal amount of water gwve 304 latex and the
t
ou
reactions of TBC, BHOM were carried as described in chapter 3, under

the following reaction conditions,

Initiator (TBH/TEPA) - 1.5 m1/ 4.5 ml of 10:1EFA
Réaction temperature - 60°¢C

Concentration of TEC or B:HEM o 2 gm [0004 moles} J 2 G @t -
Reaction time for TZC - 18 hours

Reaction time for BHEM - 9 hours

)R C = jo0 g
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At the end-.of.the experiment,films were cast on glass plates as

described: earlier,

oven at 100°C for 30 minutes.

Then the films were dried and - -

cured in an air

The specimens were cut for tensile

e
measurments and the tensile properties of the leached, unleached and the

aged films were tested,

Table 6.8

Tensile properties of antioxidants bound prevulcanised latices

Formulation

code

Prevulcanised

latex without

antioxidant PA1
BHEM bound
u.«lrr'--n-‘,a;:f
pre-latex(2/100)
PB1
TBC bound

previnlcaniced

latex(2/100)  EC,

Nonox WSP D
| Pf('.v'\,\lfi'-il 1€e lf

‘r..“l

Unleached films

T.S in %elongation
Kgm/cm2
260 865
193 890
188 910
285 880
Ta.ble 609

Leached films

T.S in

Kgm/cm®

257

187

186

277

%velongation

877

880

965
880

Tensile properties of aged antioxidants bound prevulcanised films

Formulation
code

PA1

PB1

PC1

D

Oven aged at

TOOC for 7 days

114
119

92
179

137

2% detergent washed/

aged 3 days at 70°C

Solvent washed/

aged 3 days at?OOC
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Table 6*10
Percentage retention of tensile strength of aged prevulcanised films

Formulation Initial T.S Air oven Detergent washed/ Solvent
2

code Kgm/cm aged aged washed/aged
PA1 266 44 52 56
PB, 193 61 77 75
PC, - 188 49 76 47
D 285 63 Tiger 53

6.2.1 Discussion

The above tables 6.8~ 6,10 illustrates the poor initial strength
of the prevulcanised latices and their inferior performance during ageing.
=+ 1 Infra-red examination of the solvent extracted films showéd that 42
of the BHEM and a lower level of TEC remained bound., The lower level of
reaction achieved may be due to the loss of hydroperoxide during the
reaction, It is known fact that * ihe wadeyouriig 4 of latices
reduces the tensile strength of the films by appreciable amount. There
is literature evidenc;w for the decomposition of hydroperoxide by ZDC.

n7

Scott has proposed the following reaction mechanism for the reaction of

Z2DC with nydroperoxide,

be ]
ROOH ﬁ ﬁ
R-(N=C=5),-M—0y (Ry=N=C=5-0)M
I
0

2

unstable sulphonate
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8 . 02
[l

g 2
]
(B.Z-N-C-SI-O)ZM ———— Rz-N-J-ISIOH

0

S

I

R=-N=C=S + ROH é~———— R-N=-C-0H + S0

2 2

Therefore as a result of the above reaction,botﬁ hydroperoxide
and ZDC decompose each other, resulting intlower level of reaction of
antioxidant with rubber and a lower level of cure, This accounts for
the poor properties of prevulcanised latices., The effect of ZDC on

the decomposition of hydroperoxide willbe discussed in a later section.
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6e3 Masterbatch Technigue

A major advantage of thedhidlbound antioxidant systems is that

they awe potentially « useful system for the preparation of concentrated
latex masterbatches, Frovided, there is a substantial concentration of
the original double bonds present in such concentrations, co-vulcanisation
of the modified and conventional rubber should occur readily by the
addition of a relatively low concentration of masterbatch to unmodified
latices, This is particularly convenient way of intrdducing bound
antioxidants into prevulcanised latices without interfering with the
subsequent vulcanisates,
Procedure:

(&c}>uds?)10 gm of the antioxidant was reacted with 100 gm of normal rubber
latex and one part of this was then diluted with nine parts (90gm) and
19 parts (190gm) of normal rubber latex respectively, so that the
concentration of antioxidant in the 100 gm of rubber was 1.0 gm and 0.5 gm
respectively. Then the films were cast and vulcanised as déscribed
earlier.

Similar samples were prepared with prevulcanised latex such that

0.5 gm and 1.0 gm of antioxidant in 100 gm of latex. The concentrated
samples were made in normal latex and weye then diluted with prevulcanised
latex. The tensile prdoperties of the leached, unleached and aged films

were tested and the reproducability of the results was checked,
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Table 6.11

Tensile properties of the antioxidant-bound rubbers (masterbatch technique)
Initial tensile properties

Formulation Tensile strength % elongation
code in Kgm/cm2

TBC masterbatich

in normal latex

(1/100) MC 293 . 760

BHBEM masterbatch

in normal latex

(1/100) MT 304 710

TEC masterbatch

in prevulcanised latex

0.5/100 = MPC 292 755

1

1.0/100 = MPC,, 259 730

BHEM masterbatch
in prevulcanised latex
0.5/100 = MPT, 286 770

1/100 - MET, 263 730
Nonox WSP (2/100)
(conventional antioxidant) 285 880

cee paye 126
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Table 6,12

Tensile strength of the aged films of the antioxidant bound rubbers

Formulation Oven aged for
code 7 days at 70°C
MC1 283
Mm1 268
MPC1 226
MP02 241
MIT1 265
MPT2 257
wSP(2/100) 179

Table 6-13

Solvent washed/aged

for 3 days at 70°C

284
273
239
225
266
262

150

Detergent washed/
aged 3days at 70°C

286

269

252

242

257

271

220

Percentage retention of tensile strength of the aged films

Formulation Initial T.5

code in Kgm/cm2
Without
antioxidant 260
Mc1(1/1oo) 293
MT1(1/1OO) 304

MEC,(0.5/100) 292
MPC,(1/100) 259
MPT,(0.5/100) 286
MET2(1/100) 263

Nonox WSP(2/100) 285

Air oven

aged

S
89
91
17
95
92
98
63

Solvent washed/

aged

57
87
88
82
87
23
96

Detergent washed/

aged

53
92
97
86
93
90
99
17
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66341 Discussion

The above tables 6.11- 6,13 illustrates the use of bound antioxidant
latex masterbatches with normal latices and prevulcanised latices. The
superiority of all the bound antioxidant masterbatches over the conventional
antioxidant used at a higher concentration than that of bound antioxidant
is very evident from table 6.13. In masterbatch form, the thiol based
bound antioxidants are generally superior to the simple monophenolic
due to the higﬂflevel of reaction achi¢ved. However, in spite of this
the durability of the masterbatches are very much superior to the best
conventional antioxidants used as additive andt;ill be furthur elaborated

in subsequent sections,

6.3.2 Effect of solvents on antioxidant bound rubbers.

The specimens of masterbatch latex films, which contained 2 gm of
reacted antioxidant in 100 gm of latex, were boiled in a 2% solution of Tvdt

[engths
for a known,of time. The samples were then taken out, rinsed with fresh

distilled water, dried and the amount of antioxidant remained was -4
determined by infra-red technique. (see chapter 2)

Similarly films were extracted by solvent, (pet-ether/toluene:: 80/20)
al room temperature and then rewashed with pure solvent mixture. The
samples were dried an%\ «3 examined by I.R to estimate the concentiration

wha C

of the antioxidantﬁremained bound ta the rubber.

Initial concentration of the antioxidant - 2.0 g/ fo-00q mols s{ /’f-a gm W&
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Hesults :
Table 6.14

Concentration of the antioxidant after detergent washing

Time in hours BHEM remaining TBC remaining Nonox WSP remaining
in gms in gms in gms
0.0 2.00 2.00 2.00
0.25 1.89 1.80 1.73
1.00 1.80 1.60 | 1.58
2.00 1.67 1.32 1.27
3.00 1.56 1.18 1.11
4,00 1.48 1.07 1.03
5.00 1.44 1.00 0,95
Table 6.15

Concentration of the antioxidant remained after solvent extraction

Time in hours BHEM remaining TEC remaining Nonox WSP remaining

in gms in gms in gms )
0,00 2.00 2.00 2,00
0425 1.73 0.65 0.44
1.00 1.48 0.22 0.00
2.00 131 0.16 < 0,00
3.00 1.30 0,16 0,00
4.00 1.30 0.16 0.00
5.00 1.30 0.16 0.00

The graphical interpretation of the remaining antioxidant concentration

vs time is shown in Fig. 6.1



Figure 6.1.1 = Solvent extracted rubber vulcanisate
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Discussions:
It appears from the results and the curves shown in Fig.6.1, the
bound antioxidants are much more resistant to solvent than that of
conventionally added antioxidants. During the extraction in organic
solvent; the Nonox WSP is completely removed from the films, whereas,
65 of theBHBM and 8% of the TBC remained bound to the rubber. Fossibly
this removal of conventionally added antioxidant is more prominent in
high surface area to volume samples, such as thin samblea. For instance,
thin samples such as, latex threads, teats, surgicdl ) gloves. etc, loose
theéir antioxidants very rapidly, when they are in contact with water or
industrial solvents, during their service life. This lea{to the shortening
of the valuble service life of the articles, From the present studies
it may be concluded that the extractability or leaching can be minimized
using . < antioxidant bound rubbers.
6323 Variation of tensile strength of the antioxidant bound rubbers
with ageing time
A set of films, which contained 0.5/100 of antioxidant (by masterbath
technique) was aged at 7?00 for known lengtls of time and then the
tensile sirength were tested.
Table 6.16

Tensile strength of the aged films in K;gm/cm2

ageing time in days BHEM bound?¢-5/100 TBC bounde%100 Nonox WSP#5/100
0 286 292 284
b 2717 267 237
7 265 226 180
10 256 196 152
14 244 173 125

20 227 150 104



Flgu.re 6.2 L

Variation of tensile strength with ageing time at 70°C

& — BHEM bound ( 0.5/100 )
O — TBC bound ( 0.5/100 )
O — Nonox wSP ( 0.5/100 )
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6¢3.3 Discussion

Again the superior effect of the rubber bound antioxidant over
the conventional antioxidant is very evident from the tables 6.16
and the curves in Fig. 6.2. The thiol-based bound antioxidants are generally
superior tp the simple monophenolic due to the higher level of reaction
achiéved, This again demonstrates that under aggressive conditions
in large surface area to volume samples, intnhsic activity is much less

important than is molecular weight and hence volatility.

6.3.4 Decomposition of ZDC in prevulcanised latex by hydroperoxide

A set of experiments was carried out with 100 zm of prevulcanised
latex, which contained 0.5 gm of ZDC and 1.5 ml (0.009 moles) of TBH/
4.5 ml of 10% TEPA. The reaction temperature was maintained at 55°-60°C.
5 ml of the solution was taken out at known time interval and to this
0.5 gm of sodium icdide was added. Then the solution was acidified
with a drop of concentrated sulphuric acid and the liberated iodine was
titrated against standard 0.1 M solution of sodium thiosulphate solution.
A graph of the concentration of the remaining hydroperoxide vs time
was plotted., This is a direct indication of the rate of decomposition
of ZDC by hydroperoxide.

To differentiate the decomposition of ZDC by TBH, another set
of experiments were carried out in the absence of ZDC and TEPA respectiwely,
The graphical interpretation of these curves are shown in Fig, 6.3

To study the effect of ZDC on vulcanisation, a masterbatch of
10/100 of bound antioxidant in prevulcanised was prepared with 900 gm of

unreacted prevulcanised latex , so that 1/100jof antioxidant was
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o)
present in the system. The ¥PC ccldect inibrfovm;, prevulcanised latex, was
effected the curing of the films, Thisfclearly #lemonshrated , when the
tensile propertiies of the mgsterbatches are compared with the undiluted

samples.

Table 6.17
Tensile properties of the prevulcanised films
Formulation 7.5 in Kgm/cm2 %elongation
BHEM bound prevulcanised latex
2/100 193 865
TBC bound prevulcanised latex
2/100 188 910
Masterbatches

BHEM bound prevulcanised latex
1/100 299 730

TBC bound prevulcanised latex

1/100 263 730 B

Discussion :

The data reveal (fig 6.3) that the rate of decomposition of
hydroperoxide by ZDC is faster in the presence of TEPA than that of TBH/
TEPA alone and TBH/ZDC. The concentrations of both the hydroperoxide
and the ZDC are diminishing during the reaction at @ @ m:lay rate a¢ n
the reaction of BHEM with latex (See chapter 2). Therefore part of the
BH8Y become$bound to tne rubcer. But in the case of TBC, the rate is
relatively slower than tnat of ZDC decomposition (see chapter 2) ,

resulting in very low yield of TBC being bound to the rubober.
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The table 6.17 demonstrates the effect of added ZDC through
prevulcanised latex, which causes a better cured system than the reacted
prevulcanised alone, nence the tensile properties were improved, This
is clearly shown in table 6,17 in which the tensile strength of the
masterbatches are compared with the undiluted, reacted prevulcanised

latices.
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6.4 Stress Helaxation Test

This method simply involves the measurment of the decay in stress
of a sample of rubber maintained in extension at ' constant length and
temperature. The stress relaxation method based on the kinetic
theory and is expressed as a relationship between tha tension f exerted
by a stretched rubber sample and the number of stress supporting
network chaintN , In more simplified way the N can bg defined as chain

segments between junction points in the network per unit: volume.

£ = NKTA 1/1o - 15/1
Where L Absolute temperature
Ao - Cross-sectional area
K = Boltzmann's constant
1/10— Stretched length/ unstretched length
N = Number of stress supporting chains

Therefore f (stress) is directly propotional to N, if the other
parametiers, such as , temperature and the length of the stretched sample

are constant.

f/fO = N/No
As chain scission occurs during thermal degradation of rubbers, the
decay in stress is a direct measurment of the degradation of natural
rubber.
The experimental procedure was given in chapter 2. A set of extracted and

feslod
unextracted samples were and the curves are shown in figures 6.4-6.
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6.4.1 Discussion

Figures 6.4-6.7 illustrate that the unextracted vulcanisates,
particulary, the control and the antioxidant bound prevulcanisates decay
drastically withwi . a short period of time, whereas, the antioxidant
bound samples show much more resistance to decay. Similar results were
observed with extracted samples, except in nonox WSP, which decays more
drastically than the rest.

When it comes to masterbatches, a similar behavioﬁr was observed and
again the extracted samples decay rapidly due to the loss of their
unreacted antioxidants during the extraction. However, from these results
it is clear that the antioxidant bound samples are much more resistant.
to oxidation even after the solvent extraction, whereas, conventionally
added antioxidants aje not. The thiol based antioxidants are generally
superior to the simple monophenolic due to the high level of reaction
achiéved., Again the poor performance of the prevulcanisates were evident
and probably related to the lower level of reaction achidved as well as

the lower state of cure of the vulcanisates.
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Figure 6.4 - Stress relaxation of unextracted vulcanisates el 100 €

D2 4 6 8 10 12 14 16 18
._ ; Time in hours
1.9
1.8 :
=t
m —
°
12
Al
& - Control (without antioxidant)
O - 2 gm of TBC reacted with 100 gm of prevulcanis®d_latex
- 0 = 2 gm of BHBM reacted with 100 gm of prevulcanised lates
& - 2 gm of BHEM reacted with 100 gm of normal latex
* - 2 gm of TEC reacted with 100 gm of normal latex

e - 2 gm of Nonox WSP in 100gm of latex



Figure 6,5 -
0 2

Stress relaxation of extracted vulcanisates al (pe'C

4 6 8 10 12 14 16 18

A -
A -
e
1.6 Sy
2 PSS
L] -

Time in hours

Control (without antioxidan

2 gm of BHEM reacted with 100 gm of normallatex

2 gm of TEC reacted with 100 gm of normal late

2 gm of BHBM xreacted with 100 gm of prevulcanised late
2 gm of TBC reacted with 100 gm of prevulcanised latex

2 gm of Nonox WSP in 100 gm of latex



Figure 6.6 - Stress relaxation of unextracted masterbatch samples
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Figure 6,7 = Stress relaxation of extracted masterbatches 4! 100 C
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A - Control (without antioxidants)
O - BHEM bound (0.5/100) normal latex in prevulcanised\latex
7. & -  BHEM bound (1.0/100) normal latex in prevulcanised lated

*» - TBC bound (0.5/100) normal latex in prevulcanised latex

e - TBC bound (1.0/100) normal latex in prevulcanised latex
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6.5 Oxygen Absorption Test

The oxygen absorption curves for the extracted, unextracted and
the masterbatch samples are shown in Fig. 6.8 - 6,10. The peculiar
shape of the unextracted thiol bound vulcanisates, whicﬂ was not evident
in extracted samplesis probably due to the liberation of sulphur dioxide
by the reaction of disulphide and monosulphide with hydroperoxide formed
during the experiment. In unextracted thiol vulcanisates disulphide
and monosulphide are more mobile and hence more easily react with the

hydroperoxide,

ROOH
R=-S=-85=R = R-S~-0=-S5S=R

Conclusion @

The evidence presented illustrate that the physical properties of
aged films of antioxidant bound rubbers are much 7 superior to the
conventionally added antioxidants, Stress relaxation. and oxygen
absorption tests substantiate the superior performance of the rubber -
bound antioxidants. All these results leadone to suggest that antioxidant
volatility is at present the main factor limiting the usefulness—- of
antioxidants and stabilisers. Simple antioxidant structures when combined
chemically with rubbers become very much more effective even in
conventionally accelerated tests but particulax%fin assessment techniques
which simulate aggressive environments experienced Dy many rubbers under

practical conditions,
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CHAPTER SEVEN

Reactions of hindered phenols with butadiene-acrylonitrile latices

Butadiene-acrylonitrile rubbers (NER rubber) are well known speciality
rubbers and are used in a variety of commercial applications, which
involve direct or intermittent contact with oils and fuels, The
combination of inherent oil resistance, processing ease, good physical
properties and versality in compounding and curing has resulted in a
substantial market for these polymers. The need for greater heat
resistance and overall performance in the automobile industry has
initiated a number of investigations designed to meet the more stringent
performance requirments., NER polymers are routinely bathed in various
media , which can and do remove the commonly added antioxidants by
extraction or by leaching, thereby reducing service life, One such
example is NBR oil seals used in automobile industry. Dry heat alone
is sometimes sufficient to volatilise the stabiliser and cause failure“

through embrittlement of the patt.

Basically nitrile rubbers are manufactured by emulsion polymerisation
of butadiene and acryloniirile monomers., Theoretically , the polymer
structure can be represented as the repeated units of butadiene and
acrylonitrile,

(—CH-CH-CH-CH-CH-CH-)n

2 2 2
CN
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The properties of the polymer depend on the ratio of butadiene
to acrylonitrile. NER rubbers used for oil seals contain 32% nitrile.
Usually NBR latices are anionic and show similar behaviour to natural
rubber latices, But the diameter of the NER particles are generally
smaller than that of natural rubber, being between 5 and 80 millimicrons
according to the grade concerned, Owing to their small parfcle size,
NBR latices are particularw suitable for impregnating and saturating
fibres, because in order to penetrate fabrics, the rubber particles

have to be smaller than the space between the fibres of the fabric.

This chapter is mainly concerned on the reactions of BHEM and TEC
with medium nitrile rubber (32% nitrile content) and then to study the
effect of NER bound antioxidants in industrial applications such as,

0il seals and as a binder for non-woven fabrics,

f Reaction of BHEM with NBER latices

All the reactions were carried out with 50% NER latex 3316,
which was supplied by Bayer Ltd and consists of 32% nitrile. This was °
diluted to 30% and thé:;eacted monomers were remocved by sucticn for
3 hours at room temperature. It has been found®’ that the monomers
present in acrylonitrile-butadiene-styrene (ABS) latices inhibit the
adduct formation of BHEM with the latices.and is prominent in the
latices, which contain styrene monomers, The reaction parameters
such as, reaction time , temperature, and initiator concentration

were investigated as in the natural rubber latex reactions.
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Toled Reaction time

A set of experiments was carried out with 30% NER latex
and 2 gm of BHEM using 1.5 ml of TBH/TEPA as an initiator. The temperature
was maintained at 55°-60°C and the samples were taken out at known
time intervals. The films were cast on glass plates, dried and wegethen
extracted with methanol for 24 hours, which was found to be sufficient
to remove the unreacted BHEM and the other byproducts. The amount
bound was estimated by the I.R technique described earlier.

Table 7.1

Percentage of BHEM bound at various time intervalc

Time in hours Concentration of BHEM bound % of BHBEM bound
0] 0 Q
3 0.0042 5245
6 0.0046 5845
g 0.0047 2945
the .

The graphical interpretation of the concentration of , bound BHEM
vs time is given in Fig. 7.1. This illustrates that the reaction is esenlclly
completed within 6nours. The lower level of reactivity than that of
natural rubber can be accounted for by the presence of monomers such as
butadiene, particularly acrylonitrile,which inhibits the addition
reaction,since the latter cannot be removed by suction at room temperature,.

2 d

The faster rate of the addition reactio;T;;;lbe due ta the greater

solubility of BHBM in the organic phase, which contains polar groups

sucn as cyanide.
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Tals2 Effect of initiator concentration

A set of experiments was carried out with different concentrations
of initiator with 0.008 moles of EBHEM and 100 gm of NBER latex(DRC).
The films were prepared, washed, dried and wemp then extracted with methanol,
The concentration ofT:ound BHBM was determined b;:&.R technique,
Table 7.2

Effect of the TBH concentration on the addition reaction of BHEM with

NBHR latices.
Concentration of BHEM used - 0.008 moles
Initiator concentration Concentration of BHEM % of BHEM
(TBH) in moles bound bound
0 0 0
0.004 0.0009 1.1
0.008 0.003%2 39.6
0.016 0.0045 565
0.032 0.0044 5545

A graph of the concentration of BHEM bound vs concentration of the
initiator is shown in Fig, 7.2. It is clear from the results that the

concentration of the initiator to antioxidant is in the region of 2:1.

Conclusion :

The following reaction conditions are necessary for the reaction
of BHEMY with NBR latices.

1. Reaction time 6 hours

2. Concentration of the initiator must be increased propoticnately

with respect to that of BHEM.
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3. Reaction temperature ; 55°-60°C

4. Swelling time ;3 15 minutes

A Reaction of TBC with NBR latices

The reaction conditions were the same as that d¢scribed in
TBC/natural rubber in chapter 2. Again the unreacted monomers were
removed by suction at room temperature for three hours.

1« Reaction time ; 18 hours .

2. Reaction temperature ; 550- 60°C

3. ©Swelling time; 30 minutes

4, Concentration of the initiator was increased propotionately
with respect to the concentration of TEC

The concentration of the boundTBC was determined by I.R technique

and was found to be 9.8%. The lower level of reaction acheived may be
due to the presence of unreacted monomers, which inhibit the reaction

and is oxidised to other products by the initiator.
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7.2 Compatibility of antioxidant. -bound NBR rubbers with service

fluids
Preparation of valcanised NZR :
The following formulation was used for the preparation of the

test specimens,

Table 7.3
Compounding ingredients Dry weight in gms
Nitrile rubber(extracted) 100.0
Zinc oxide 50
Stearic acid 0.5
Sulphur 0.5
Carbon black 60.0
Tetra-methyl thiuram disulphide 2,0
N-tert-butyl-2-benzathiazole sulfenamide 140
Di-octyl pthalate 5.0

Carbon black was incorporated first and was followed by
pthatate during the mixing of ingrédients., The rest of the mixing
procedure was the same as described in chapter two for natural rubber.
The samples were cured at 16800 for 10 minutes under 50 tons/sq,in pressure

and the thickness of the specimens were 2,0 mm.

95
Tolel Testing procedure (ASTM testing procedure)

Change in mass :
The dimension¢of the test specimens were in the order of
25 x 50 x 2 mm. The specimens were weighed accurately in air and wew

then immersed in ASTM oil number 2 at 15000 for 72 hours and 168 hours
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respectively. At the end of the immersion periods, the specimens were
taken out, washed with acetone and blotted lightly with filter papers,
The samples were reweighed and the percentage change in mass was noted,

Similary three specimens were tested.

Final weight - Initial weight
Final weight

100

% change in mass =

Change in volume :

This was carried out to determine the volume of oil that has been
swollen into the NBER polymer network. Three specimens were weighed
accuratelyin air and then the volume was determined by water displace-
ment method., Similarly the weight and volume of the immersed samples
at 150°C for 72 and 168 hours were determined. The change in volume

is expressed as

Final volume = Initial volume =
x 100

% change in volume = .
Initial volume

Change in tensile strength, elongation and hardness :

The tensile pieces were cut from the vulcanisate and the original
tensile strengths, elongation and hardness were determined. Then the
samples were immersed in ASTM oil No 2 at 15000 for xnown length of
time and the final tensile strength, elongation, modulus at100 % and

200 % elongation and hardness were determined,
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Te2e2 Antioxidant-bound NBR rubbers for oil seals

Masterbatches were prepared with the antioxidant bound polymers
so that ).0 gm and 2.0 gm of the antioxidant were contained in 100 gm
of NER ruober. For this purpose, 10 gm of the antioxidant (TBC or BHEM)
was reacted with 100 gm of NER latices using 4.8 ml of TBH and 13.5 ml
of TEPA as an initiator. The rest of the reaction procedure was the same
as that described earlier, The dried films were then mixed up with
nine and nineteen parts of unreacted, extracted NER rubber.

Similary 100 gm of NER latex was reacted with TBE/TEPA (1,5/4.5
ml of 10% TEPA) in the absence of the antioxidant. ?pi? was carried out
to investigate the reaction of commercially addezigagr;g the processing,
with NER latices in the presence of the initiator., It was observed by
the I.R technique that a phenolic compound was present in the latex,
probably the added antioxidant during the processing of NBER latex.
What was moi2. surprising was the presence of the same phenolic group
after the extraction of the reacted NBR rubber with the initiator,
which was not observed in the extracted films of the unreacted NER.

amevginy

The conclusion, from these data is that somehow the available phenolic
compound in the latex was reacted with the NBER latices in the presence
of TBH/TEPA initiator. This was furthur elaborated in the subsequent
sections,

The vulcanised samples were prepared as d¢scribed earlier and
the physical properties of the specimens were testd. Then the samples
were immersed in ASTM no 2 oil at 150°C for 3, T and 14 days respectively

and the properties were retested., After the immersion, the change

in volume, mass and the hardness were determined, which are direct
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dependent on the original surface area as well as the resistnnce . of the

network.

Table 7.4

Initial tensile properties of antioxidant-bound rubber (for oil seals)

Formulation

Polymerised trimethyl
hydroquinoline

NER, (2/100) 68
NBR latices reacted

with TBH/TEPA (no
antioxidant) NER, 71
Masterbatch samples

BHBEM bound masterbatches
( 1/100 ) = NERT 73

1

( 2/100 ) = NBRT2 73

TBC bound masterbatches

( 1/100 ) = NERC, 74

{ 2/100 )= NERC, T2.5

100% E

30

35

34

27
33

200% E

90

105

137

Hardness Modulus at Modulus at T.S in Elongation

Kgm/cm? at break

203

187

179
183

175

222

300

210

180

230
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Table 7.5
Tensile properties of antioxidant-bound NBR rubbers (oil seals) after

immersion in ASTM oil at 150°C for 3 days

Formulation Modulus at Modulus at Elongation at T.S at break
(code) 100% E 200% E break in Kgm/cm2
NER 20 66.6 210 120
NBR2 19 58.0 260 109
NBRT1 3645 - 180 147
NERT2 34 125 220 156
NBRC1 20 66.6 270 126
NER02 33 116.6 220 179

Table 7.6

Percentage retention of tensile properties after 3 days immersion

Formulation Modulus at Medulus at Elongationat T.S at break
(code) 100% E 200% E break
NER, 63 62 70 59 J
NBR2 25 55 123 58
NERT1 100 - 100 82
NERT, 100 96 96 86
NERC 14 91 87 72

NBR02 100 93 81 80.6
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Table 7.7
Tensile properties of antioxidant-bound NBR rubber after immersion

in ASTM oil at 150°C for 7 days

Formulation Modulus at Modulus at Elongation at T.S at bresk
(code) 100% E 200% E break in Kgn/cm’
NER, 20 66.6 210 ‘ 108
NER2 27 97.0 210 101
NBRT1 3645 120.0 210 146
NERTZ 37.7 131.0 230 159
NERC, 33.2 7640 220 86
NERC2 37.0 127.8 220 152

Table 7.8

Percentage retention of tensile properties after 7 days immersion

Formulation Modulus at Modulus at Elongation at T.S at break
(code) 100% E 200% E break in Kgm/cmz
NER1 66,6 74 70 53.0
NER, 7740 92 100 53.0

BHEM masterbatches

NBRT1 100.0 - 113 81.5

NERTz 110.8 96 100 87.0
TBC masterbatches

NERC, 11845 104 T 45.7

NERC, 112.0 102 81 6844
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Table 7.9

Tensile properties of antioxidant-bound NER rubber after immersion

Formulation
(code)

NBR1

Masterbatches

NBRT2

NBR02

in ASTM oil at 150°C for 14 days

Modulus at Modulus at Elongation at Tensile strength
100% B 200% E break in Kgm/cm®
29 - 190 93
36 122 210 152
29 - 180 88
Table 7.10

Percentage retention of tensile properties after 14 days immersion

Formulation
(code)

NBR1

Masterbatches :

NBRT2

NBRCz

Modulus at Modulus at Elongation at Tensile strength
100% E 200% E break in Kgn/em®
96 - 63 40.4
105 89.5 91 83.0

The graphical interpretation of the percentage retention of

tensile strength vs ageing time was plotted and is shown in Fig. 7.3.
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Figure 7.3- Retention of tensile strength of the antioxidant bound
' NER rubbers at 150°C in ASTM No. 2 oil
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T.2.3 Discussion

Tables 7.5 = 7.10 illustrate the superiority of the antioxidant-
bound NBR polymers in an o0il seal formulation. The poor performance
of the conventionally added antioxidant is evident and is comparable
with the reacted NBR latices with TBH/TEPA as initiators. This performance
suggests that somehow the added antioxidant during the manufacturing
has been chemically attached to the NBER latices in the presence of
the TBH/TEPA initiator. The available data is insufficient to postulate
a clear picture for the reaction mechanism of the unknown antioxidant
in the NBR latex with TBH/TEPA. However, the far superior effect of
the BHEM ‘bound NBR polymer is evident from Fig 7.3. It has been
found by I1.R examination that 52% of the original BHBM remained bound

to the NBR network, whereas, that of TBC was only 8%.

- CH,- CH,- c|:H - CH,~ CH,= TH - ~CH,~- CH,~ CH,- rlsd - CH,- (!IH -
S )
l CN CH, CN
|©I @
X ' >\:\/><
OH OH
BHEM bound NBR (1) TBC bound NBR (2)

Trimethyl hydrogunoline monomer
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In masterbatch form, the BHBM based bound antioxidants are
generally much superior to the simple monophenolic due to the higher
level of reaction achidved. In addition, the adduct of thiol antioxidants
with NBER rubbers gives rise to an auto-synergistic antioxidant effect
due to the presence of btoth a hydroperoxide decomposer (the monosulphide)
and a chain breaking function (phenolic B) in the same molecule (1),
Therefore this structure is considerably more effectiye as a thermal
antioxidant than either a phenol or sulphide alone.

The inferior properties of the heat-resistant stabiliser,
polymerised trimethyl hydroquinoline is not surprising, because similar
behaviour was observed with this antioxidant in NER by Meyer and his
co-workers They have reported that 43% retentiom of tensile strength
of this antioxidant in NER polymer after immersing in ASTM oil at 300°F
(166°C) for 3 days and 76% retention after ageing in air oven at
300°F for 7 days., Wwhat emerges from these data is that the stability
of the NBR polymer cannot be acheived under aggressive environmental
condition by incorporating a polymeric antioxidant., The gradual’ loss-h
of added antioxidant by volatilisation, leaching and extraction is
unavoidable under the testing conditions carried out. These results
illustrate’ that the chemical attachment of a simple thiol compound
is a much better solution than the conventional additive procedure.

In the masterbatch form, the modified latices and the unmodified latices
are co-vulcanised in the presence of the vulcaniéing ingredients and
the bound antioxidant acts as a part of the molecule, whereas in the

conventionally added systems, it is present as an additive,
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7+3+4 Effect of oil on the physical properties of antioxidant-bound
NER rubbers (oil seals)
Table 7.11
Percentage change in hardness, volume and mass of antioxidant bound
NER vulcanisates after immersing in ASTM oil at 150°C

Immersion period - 3 days

Formulation % change in % change in % change in
(code) hardness volume mass
NER, 647 12,1 9.8
NER, 649 12,3 10,1

BHEM masterbatches
NBR-T1 6.8 11.6 9‘5

NBRT2 2e7 9e5 ¥ 7 5]
TBC masterbatches
NERC, 6.7 11.8 9.5
NBRC2 5¢4 116 9.5
Table 7. 12

Change in physical properties after 7 days immersion

Formulation % change in % change in % change in
(code) hardness volume mass
NBR1 13.2 14.5 11.2
NER, 18,0 15.6 12:2

Masterbatches

.".‘."?NBR"T1 9+5 12.3 et
NBRT2 6.8 11.2 9.2
N3301 9.8 13.8 11.8
NERC 9.4 12.2 10.0

2
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Discussion

The percentage change in hardness, volume and mass is a
direct indication of the oil that has been swelled into the network.
Again it is obvious that BHEM-bound NER rubbers are more resistantl
to 0il than that of the TEC bound and the conventionally added
antioxidant. The swelling of the oil depends on the polarity and
the crosslinked pattern of the network. The former is found to be
the major governing factor. The higher resistamnce of BHEM bound .
rubbers may be due to two reasons, a) higher reaction achi¢ved by
BHEM, b) the additional polar groups, which hage been introduced

into tne network through BHEM adduct, namely phenolic CH and monosulphidg,

7.3 Antioxidant-bound NBR latices as a binder for textile fibers

It is a known fact that NBR latices are used to bind textile
fibers in the production of non-woven fabrics of all types requiring
good resistance to ageing and solvents, The following experiments
were carried out to investigate these antioxidant-bound NER latices
as a binder for non-woven fabrics. Specialy prepared monomer—free

NBR latex was used for the reactions, which was supplied by Revertex
Limited and was contained an unknown crosslinking agent.
rrocedure :
Masterbatches of the monomer-free, antioxidant-bound NBR latices
(1/100) were prepared as described earlier with both TBC anf BHEM .
Then the films of § mm thickness were cast on glass plates, washed
and was cured at 120°C for 20 minutes. The initial tensile properties

of the films were tested and then extracted, aged and the final
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tensile properties were tested,

Table 7.13
Initial tensile properties of the films
Formulation Modulus at Elongation at Tensile strength
100% E break in Kem/cm?

NER without antioxidants

NB 25 660 38

Masterbatches:

BHEM bound NER = NBT1 20 680 51

TBC bound NBR - NBC1 27 650 57
Table 7.14

Tensile properties of 2% detergent washed and aged films for 3 days at TOOC

Formulation Moudulus at dlongation at Tensile strength
(code) 100% E break in Kg;m/cm2
NB 26 680 38
N3T1 24 820 93
NBC1 27 730 58
Table 7.15

Tensile properties of solvent washed (pet-ether/ toluene :: 80 ; 20)
for 5 minutes and aged.films - 3 days at 7000.
Formulation Modulus at 100% B Elon. at break T8 in Kgm/cm2

i3 24 660 36
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1 26 630 97

NBC 26 700 60

Table 7,16

Percentage retention of tensile properties after ageing

Formulation Initial T.S Detergent washed/ Solvent wahed/
(code) in Kgm/cm2 aged - aged
NB 38 100 96
NBT1 51 182 190
NBC s 102 106

1

Discussion :

It is interesting to note that the higher percentage retention
of tensile strength of allT;amples and?géy be due to the crosslinking
of the monomers,dimers and high monomers by the added unknown cross-—
linking agent at hizh temperatures during the ageing. The superior

effect of BHEM bound rubber can be accounted for the higher reaction

level acheived,
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7T+3.1 Non=-woven application test (see appendix)

A bath was prepared -containing 204 NER latex. 6 webs of each of
dimension 6"x 10“ were cut from the standard non-woven material, so
that 10"wa5 in the zero strength direction and then all were weighed
accurately. One of the webswas placed between two wire gavze, thoroughly
impregnated in the latex bath and was then passed through a wringer.
The non-woven was peeled off from the wire gauws and was placed on
the released paper, to minimize the direct handling. This procedure
was repeated with the other five webs. These were then dried in a
laboratory oven at 1300- 14000 for 20 minutes and were weighed accurately.
Each web was cut into 9 strips of dimension 1"x 5“, where 5“ was in

the non-stretched direction. The strips were then sorted out into

I

3 files of 18 each, such a way that each contained 3 strips from the
original webs, These were then stored in a desicator and the strips
were tested for,
a), dry tensile strength at break,
b), hot wash (2% tide at 60°C, soaked for 5 minutes and were
tested while wet),
c), tensile strength, when is wet with solvent (soaked in
tri-chloro-ethylene for 5 minutes)
Tensile strength were calculated as follows,
Wet tensile strength

% wet retention of T.S = x 100
Dry tensile strength

Solvent tensile strength
% solvent retention of T.S = x 100
Dry tensile strength
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A correction factor of A was introduced, where A is the grams
by
of dry latex picked the total number of non-wovens, for comparison of

different latices.

Corrected solvent tensile stirength = Measured solvent tensile strength

+ A x 0.04

Corrected solvent tensile strength
Dry tensile strength = X 100
% solvent retention

Corrected dry T.S x % wet retention

Wet tensile strength =
100

The masterbatches.'of BHEM and TBC ( 1/100 ) were prepared and

were tested for non-woven fabrics as dé¢scribed earlier.

Hesults:
Table 7T.17
Tensile strength of the impregnated webs
Formulation Dry tensile strength Solvent T.S Wet tensile strength
in Kgm/cm2 in Kgm/cm2 in Kgm/cm2
NER without
antioxidants 3.6 33 1.19
Masterbatches
BHEM ( 1/100 ) 3e1 33 1.38
T8¢ ( 1/100 ) 3.8 Bt 1.28
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Discussion :

The ' pefformances of the antioxidant-bound rubbers and the
control have not shown a significant difference in tensile properties.
These tests do not represent any indication relevant to the ageing
behaviour of rubbers, but they can be considered as tests, which
determine the effectiveness of these latices as binders for the
fabrics. Therefore, what-ever the antioxidant system, the poor
performance is inevitable because the latices act as a weak binder

for the fabrics.
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CHAPTER EIGHT

Conclusion :

There has been increasing interest in recent years in
high molecular weight antioxidants., The reason for this is essentially
practical, since it has been shown that under certain conditions
of antioxidant testing, which arez relevant to service conditions,
antioxidant loss from the polymer can be the dominating factor in
determining its effectiveness, Three testing procedures have been
developed, which give information! congcerning the antioxidants.
These are,

a) Evaluation of intrinsic antioxidant activity in a sample
model system by oxygen absorption,

b) Evaluation of antioxidant activity in a polymer by oxygen
absorption test, Siﬁe the solubility of antioxidants in the polymer
is an additional factor introduced into this test, but loas by
volatilisation is not, this test gives information about compatibilitf*
and the mobility of the antioxidant in polymers, when taken in
conjunction with the first test,

c) Evaluation of antioxidant activity in a polymer with a
large surface area to volume ratio ( eg. films or fibers ) in a
flowing air stream. This type of test ( ef. stress relaxation test )
measures the resultant of intrinsic antioxidant activity, polymer
compatibility and volatility under the conditions of test and conditions

can be chosen to accentuate the latter for certain applications.
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Another test which has relevan¢ to certain conditions
experienced in practice is solvent extraction or detergent leaching
followed by ageing and then measuring the retention of tensile properties
This is relevant to fiber$ subjected to dry-cleaning ot washing or
film¢ subjected to weathering. The extraction test is more severe,
for example it has been shown that some of the polymeric antioxidants
and stabilisers will perform well ini;ven test but may stilligneffective
after solvent extraction. ‘

The main theme of this research work was to investigate an

antioxidant system, which is more effective than conventional system

under the above mentioned testing conditions,

Reaction of himndered phenols with natural and synthetic latices

It has been found that the adduct reactions of h}ndered phenols
such as , BHEM and TBC can be carried out successfully with natural
and synthetic latices using TBH/TEPA as an initiator, Infra-red
examination of the solvent extracted natural rubber samples showed
7%% of the original BHEM and 11% of the TBC remained: bound to the
ruboer., In the case of TBC, the concentration achyé€vable is limited
by side reactions such as, formation of stilbene quinone, aldehyde etc,
a nd the crosslinking of the network,

A parallel behaviour was observed in NBER latices, with 57% of
the original BHEM and 9% . of TBC remained bound after extraction.
The decrease 1A the percentage bound in NBR latices may be due to the
inhibitory efifect of the monomers, dimers present in the latex.

However, EBHBM can be reacted to a much higher conversion in both latices
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than the simple phenols, because the former undergoes a facile
addition to the double bond of rubber in the presence of a free radical
initiator. The reaction is a radical chain preccess as shown below

and is terminated by reaction of thiyl radical ( AS®) with other
radicals in the system.

- %

(

(CH2-C=CH-CH2)n + AS' ———— -(CH.z-(.l-CIIH—CH:E-CH-)n
SH
ASH
CH
AS® [3
ASSA fr—— A4S & -(CH,- CH - CH = CH,~- CH,)
2 i 2 2°n
SH

This type of reaction mechanism was confirmed by model -
compound studies and the analysis of the byproducts during the reaction,
Furthey more, it has been found that byproducts such as, disulphides
and monosulphides can be reacted with the rubber in the presence of
the same initiator and not only that, thiol esters, which contain
-SH function can be reacted to the same extent as that of BHEM with
rubber latices,

In the case of TEC, it has been observed by model compound studies
that the reactive position of natural rubber isYﬁllylic carbon atom

next to the double bond and is attached to the benzylic position

of the TBC., In addition to this, the formation of stilbene quinone ha$ beenshow
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{o.bea major_byproduct during thereaction, which cause the discolouration
of the latex.

Latex crepes containing bound antioxidants based on thiols show
a considerably, improved colour retention. This leads to the practically
very important consequence that where guaranteed cleanliness and non-
toxicitgiz;portant:, for example in medical applications, thiol based
antioxidants not only give : better coloured products buiaﬁijcagletely
safe,. sincelhey cannot be leached from the rubber during the use,
It was evident franthe results that latex products containing bound
antioxidants exhibit exceptional stability, when used in applications
where loss of antioxidants by volatilisation or by leaching may occur,
The performance of BHEM adduct is very much superior in both natural
and nitrile rubber latices than the TBC adduct and the conventional
antioxidants. This is probably due to the higher level of reaction
acheived by BHEM witnh rubbers.

A major advantage of the thiol 1§ © . based antioxidant system
is that it can be used convengntly in the prepqration of masterbatches.
It was found in thigl system, when subjected to solvent or detergent
leaching followed by ageing, these rubbers show almost complete retention
of tensile strength under conditions where the conventionally stabilised
rubber shows extensive degradation., It was very clear in antioxidant ~NAR
bound rubbers that so long as the antioxidant remained bound to the

<he

network, what—everﬂtesting conditions, the performance is always much

supgidor to the conventionally added antioxidants.
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Suggestion for furthur work

The ability of disulphide (BHBDS) and monosulphide (BHEMS)
to react with rubbers in the latex stage has been demonstrated, and
the data available was insufficient to put forward a clear picture
about the reaction mechanism. It would be therefore of interest
to study the reaction mechanism of these sulphides with rubber using
model compound studies, which would rationalize the different reactivity
level .of BHBDS and BHEMS with rubbers

It has been found that thiol esters can be reacted with rubber
to the same extent as that of BHEM. The prepgration of thiol esters
are much more easier, safer and appears to be synergistically more
powerful than BHRM., Therefore, it isignterest to investigate the
effectiveness of the thiol ester bound rubbers under aggressive testing
conditions.

The thiol-based bound antioxidants might be profitably extended
as a method of producing high molecular weight antioxidants, Thiols
could be reacted with unsaturated oils or oligomers to produce
antioxidants for fuels or lubricating oils, where colour is considered
ta be animportant factor.

Furthermore, this technique ( thiol adduct formation ) could
be used to introduce more effective antioxidant or stabiliser functions
in to the network in bound form. It may be pescible to bind thiol based
antioxidants by mechano-chemical reaction, so as to produce required

radicals for the initiation.
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Appendix

Revertex non-woven application test

A bath is prepared containing 20% solid latex. 6 webs each
measuring 6“x 10" are cut from the standard non-woven meterial, The
10 inch dimension is in the zero strength direction. The six webs are
all weighed together, reading to the first decimal place (A grams ),
Six papers of release paper are cut to a size approximately T"x 12"
One of the S"x 1quieces of non-woven is placed betwéen two pieces of
wire gauze,thoroughly impregnated in the latex bath and then passed
tarough a wringer. The non-woven is then peeled off the gauze and
placed directly on to the release. Direct handling of the web is thus
kept to minimum., This procedure is repeated with other 5 webs, They
are then dried together in a laboratory oven at 130~ 140°C for 20 min.
The weight of the six webs taken immediately on removal from the oven
(B Gram)., Each web is cut into nine strips each measuring 1'% 5", where
S"dimension is in the non-stretch direction. %he strips are sorted
into 3 piles of 18 each., The 18 in each pile contains 3 from each
original web, The webs are stored at ambient for at least an hour
before testing., Using a Hampden Tensometer with a alb“beam and a speed
of 4"per minute, the 18 strips are tested for;

a) Dry tensile strength at break;

b) Hot wash (2% Daz at 60°C, soak for 5 minutes and test
while wet)

c) Solvent tensile when wet. (Soaked in tri-chloro-ethylene

for 5 minutes)
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Hesults are calculated as follows:

Latex pick is the number of grams dry latex picked up by the total
number of non-wovens (B-A)

There are 18 scale reading for each tensile measurement, The highest

and the lowest reading are neglected and the remaining 16 results averaged

2 x Tensometer reading

Tensile at break

1}

1bs/in strip
100
Wet tensile

% wet retention = x 100
Dpy tensile

Solvent tensile
% solvent retention = x 100
Dry tensile

Ty 2llow for a comparison of different latices a constant pick-up
(B-A) of 6 grams is aimed for. However slight variation are corrected

as follows,

Corrected solvent tensile = Measured solvent tensile + ( 6.0 measured

pick-up ) x 0,04

Corrected solvent tensile strength

Dry tensile strength 100

)
b

% solvent retention

Corrected dry tensile x 7% wet retention
100

Wet tensile =
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