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SUMMARY 

Thiol containing antioxidants, 3,5-di-tertiary-buty1-4-hydroxybenzyl 
mercaptan (BHBM), 4-anilinophenylthioglycollamide (PAPT) and 
4-anilinophenylthiopropionamide (PPPT) have been successfully bound 
to acrylonitrile-butadiene rubber (NBR) by a free radical process 
in the latex and during processing. 

Under optimum conditions, latex masterbatches and solid masterbatches 
of the bound thiol antioxidants were prepared and were used as 
additives for unstabilised NBR latex and normal solid NBR. The 
concentrations of bound antioxidants have been estimated by infra-red 
spectrophotometry. 

The effect of bound antioxidants on the behaviour of vulcanisates 
has been investigated using the Monsanto oscillating disc rheometer. 
PAPT and PPPT increased the rate of cure and cross-link density while 
BHBM reduced the latter. 

Conventional oxygen absorption, oven ageing and stress relaxation 
measurements and in addition a cyclic oil/air test specifically 
designed for nitrile rubber, in which the mechanical properties were 
measured, have been used to evaluate the effectiveness of the bound 
antioxidants before and after extraction with an organic azeotrope. 
For comparison the effectiveness of commercially available 
copolymerised antioxidant, N-(4-anilinophenyl) methacrylamide and a 
high molecular weight partially polymerised antioxidant, 2,2,4-tri- 
methy1-1,2-dihydroquinoline, were also investigated. The result 
showed that, although the bound antioxidants retained much of their 
activity after extraction, the antioxidants behaved differently in 
different tests. The performance of the thiol based bound antioxidants 
particularly PAPT, is better in the cyclic oil/air test. 

Mechanistic studies showed that the antioxidant activity of 
thiolamides, PAPT and PPPT, involves synergistic chain breaking 
catalytic peroxide decomposition mechanisms. 

KEY WORDS: ACRYLONITRILE-BUTADIENE RUBBER : BOUND ANTIOXIDANTS : 
MASTERBATCHES : AGEING : ANTIOXIDANT MECHANISMS 
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CHAPTER ONE 

INTRODUCTION 

All polymers suffer thermo-oxidative degradation during fabrication 

into the form in which they are used, and thermal and photo- 

oxidation on subsequent exposure to uv light during outdoor use. 

This irreversible process in which the useful properties 

degenerate has been a serious limitation to the extensive 

application of polymers at the present time. 

Although many polymers spend all or part of heise service life 

in contact with oxygen, water, temperature, micro-organism and 

other atmospheric agents (eg gases), oxygen is by far the most 

important degradative agent. Both natural and synthetic polymers 

react with oxygen under extreme conditions, that is at combustion 

temperatures, and many oxidise extensively at much lower 

temperatures. Their reaction with oxygen accounts for the 

majority of polymer failures occurring during service conditions. 

Deterioration can be accelerated by foreign materials (impurities) 

such as catalyst residues from polymerisation. 

Quite apart from the deterioration caused by external agents, it 

is well established that there are chemical modifications in the 

structures of degrading polymers. The manner in which the above 

mentioned environmental factors affect the structural composition 

of polymers leading to degeneration of useful properties and



ultimately to failure of the polymer is determined by the chemical 

nature and basic constituents of the material. Typical examples 

of polymer deterioration are development of colour and reduction 

of optical clarity, embrittlement and cracking of rubber. 

Since all polymers are inevitably exposed to oxygen and other 

agents that cause their deterioration in varying degrees under 

appropriate conditions, it is therefore essential to protect them 

against such damage that ultimately renders them useless. The 

development of antioxidants has helped to extend the life of 

polymers during service. The basic theory of stabilisation of 

polymers has developed extensively since its discovery and 

reaction mechanisms have been proposed in the literature to explain 

the deterioration processes occurring during fabrication and 

under service conditions. 

1.1 General Mechanism of Polymer Degradation 

The reaction of polyolefins and other hydrocarbon polymers with 

(3) +9 involve a free radical mechanism oxygen has been shown 

characterised by three distinct steps, viz initiation, propagation 

and termination. The process of oxidation may be represented as 

follows:



Initiation: 

Initiator 

ROOH 

2ROOH 

Propagation: 

Re + 0, 

ROO’ + RH 

ROO’ + C=C 

HO” + R-H 

RO’ + RH 

RO" + CHC 

Termination: 

Wa
lt
A 

mi
e 

te
t 

a 

— 

RO" + “CH 

ROO” + RO* + HO 

ROOH + R’ 

ROO-C-C’ 

Ret H,0 

R’ + ROH 

RO-C-6; 

Unreactive products 

The initiation step consists of the formation of a polymeric 

free radical by rather ill-defined reaction. Such reactions 

probably occur at sensitive irregularities in the polymer. The 

initiation process is of considerable complexity and its exact 

mode depends on whether it occurs photolytically or thermally.



However, it is generally accepted that the mechanism of thermal 

and uy oxidation are initiated primarily by the formation and 

breakdown of hydroperoxide but they differ in their breakdown 

products since most of the breakdown during thermal oxidation 

occurs via hydroperoxides whilst photolysis of carbonyl compounds 

is also involved in uy degradation. 

Propagation is a two-step sequence which involves firstly a rapid 

combination of polymeric free radical with oxygen to give alkyl- 

peroxyl radical and secondly the abstraction of an allylic 

hydrogen by the alkylperoxyl radical to form hydroperoxide (ROOH). But 

if a double bond is present in the polymer chain the alkylperoxyl radical _ 

may add to the double bond. The hydroperoxide so formed can undergo 

thermal or photo-decomposition when subjected to temperature or 

uv radiation: 

ROH — = RO’ + “CH 

2rooH AHL poo: + RO + 0 

The decomposition of the hydroperoxide indicates a further source 

of initiation of free radicals and thus rate of oxygen uptake is 

speeded up (autoxidation). 

Transition metal ions can cause the degradation of polymers 

depending on their structures. JIons of metals such as chromium, 

copper, iron and cobalt can catalyse the decomposition of 

hydroperoxides, the mechanism by which the process occurs is



represented by the following equation: 

M + ROOH —= Mls Tai + 70° 

ML, RX ee MP > Roe 

Where M is a transition metal species of more than one valence. 

In view of the above reactions, it is obvious that traces of the 

metals in the polymer will result in enhanced response to attack 

by oxygen. However, metal ions (eg Cu) can also behave as alkyl 

radical traps under oxygen deficient conditions. 

Thermal effects are major factors in polymer degradation. Exposure 

to relatively high temperatures during processing and to more 

moderate temperatures during long-term ageing accounts for the 

failure of polymers. A primary environmental factor responsible 

for pyrolysis in vacuum or in an inert atmosphere is the 

absorption of thermal energy by polymers. However, thermal effects 

are most generally evident in the temperature dependence of other 

reactions that result in polymer deterioration. Reaction rates 

increase with temperature as defined by the activation energy 

of the particular process. Deterioration, however, usually occurs 

through a complexity of reactions so that the observed activation 

energy is that of the composite mechanism and not of individual 

reactions. Temperature dependence is observed in all types of 

polymer breakdowns but its effects have been studied most 

extensively in the autoxidation of polyolefins.



Autoxidation is the thermal oxidation that takes place between 

room temperature and about 150°C and proceeds by a typical free 

radical chain mechanism. Most polymers undergo this reaction, 

although there is considerable variation in resistance to this 

type of degradation. The reaction is usually autocatalytic. 

Although the reaction with oxygen is the more general phenomenon, 

thermal deterioration also occurs in the absence of oxygen or 

other chemical reactants. There are two basic mechanisms for 

thermal deterioration under non-oxidative conditions. Depending 

on the structure of the polymer and to a lesser extent on 

reaction conditions, deterioration can occur through elimination 

of low molecular weight volatile fragments leaving the backbone 

chain intact. Altematively, chain scission can occur, either 

by random process or stepwise depolymerisation. Elimination of 

low molecular weight fragments usually takes place at a lower 

temperature and is restricted to a relatively small group of 

polymers. The structure of the polymers must be such that reactions 

are possible with activation energy lower than those required to 

break the bond along the main chain. Elimination of hydrogen 

chloride from poly(vinyl chloride) is a typical example of 

this reaction. As temperature is increased, all polymers 

eventually dissociate. Volatile products are formed and 

depending on the polymer structure, there may be varying 

proportions of carbonaceous residue. 

Rupture of the backbone chain occurs by depolymerisation or by a



random process, perhaps. initiated at weak bonds in the chain. 

Both reactions can occur in a single polymer with relative rates 

depending on temperature. 

1.2 Oxidation of Rubber 

As previously discussed, the oxidation of simple hydrocarbon 

polymers involves the formation of hydroperoxides. Abundant 

evidence now exists indicating that the oxidation of rubber and 

other elastomers containing appreciable amounts of olefinic 

unsaturation proceeds in basically a similar manner. 

In polyisoprene, because of the spacing of neighbouring double 

bonds, cyclisation of the chain carrier occurs to the virtual 

exclusion of intermolecular o-methylenic hydrogen capture except 

in so far as this occurs after the incorporation of a second 

oxygen molecule into the cyclised unit. 

ey 
/ tS oa park 

“Oi O-O-GE-Gi, -CrGH-Gi,- as Bae a 

0-0- o—o 

Alt ae 00H 
hi 

pF Gis : aes 

-CH,-C=C CH-GH, eon GH-CH,- a pee Cie ce ae gt 
C20 o—o 

(2) This type of peroxide has been shown to be given by squalene



and dihydromyrcene 4) * 

As soon as the oxidation proceeds to a more advanced stage, the 

generalised oxidation scheme is accompanied by secondary reactions 

of the initially formed peroxides, leading to the appearance of 

various functional groups, such as carboxyl, ester, hydroxyl, 

carbonyl, and ethereal +9) . These are the groups to be expected 

from the decomposition of hydroperoxide in the presence of 

polyisoprenic unsaturation. Only about half of the oxygen 

absorbed by natural rubber can be accounted for as hydroperoxide. 

This observation is explained by the occurrence of intramolecular 

radical addition reaction along the polymer chain. 

Natural rubber loses practically all its useful elastomeric 

properties by the time only about 1% by weight of oxygen has been 

absorbed; there is also a decrease in the molecular weight of the 

polymer. Thus scission reaction mst be part of the degradation 

process. These features are illustrated in the following 

scheme for the oxidative degradation of natural rubber?) 5



Gi, ai, 

~QH,-C=CH-CH,-CH, -C=CH- 
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ia res 
es 

0-OR 
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CONTINUED ...



  

io i 
eeiy + poos te + sw + RO’ 

0 0 0 0 

| OH 
Le 

300, + H,O + GHAC 
» 

0 

1.3 Antioxidants and Stabilisers 

After many years of active work in the field of antioxidants, it 

was found that the most important classes are the secondary 

diarylamine and hindered phenols that function as a free radical 

chain stoppers. Comparison of some commercially important 

(8) antioxidants show that although the secondary diarylamine are 

still the most important class of protective agents, the phenolics 

offer a non-staining effect which makes them most desirable in 

the light-coloured articles. These two classes of antioxidant 

comprise most of the materials currently used as protective 

agents in the rubber industry. 

©) showed the effect An extensive study by Miksch and Obermeier 

of a variety of commercial antioxidants on the physical 

properties of vulcanisates on heat ageing, static and dynamic 

weathering, creep, ozone and colour. 

10



The best of the amine antioxidants give more comprehensive 

protection to rubber goods than phenols, but they also cause more 

discolouration and staining. 

The amines may be conveniently divided into the following groups: 

(1) secondary amines (a) phenyl-naphthyl amines 

(b) substituted diphenylamines 

(c) para-phenylenediamines 

(II) keto-amine condensates, 

(III) aldehyde-amine condensates, 

(IV) Alkyl-aryl secondary amines, and 

(vy) primary amines. 

With the development of synthetic rubbers, interest in non-staining 

antioxidants increased enormously. Since the synthetic rubbers 

do not contain naturally occurring antioxidants, as does 

natural rubber, it is necessary to add a protective agent 

at the time of manufacture to preserve the rubber until it is 

compounded and cured. An example of such a protective agent is 

the simple phenol-3,5-di-tert-butyl-para-cresol (TBC). If the 

polymer is intended for use in light coloured goods, it is 

necessary that the stabiliser does not cause any discolouration 

of the rubber. 

The phenolic antioxidants may be classified as follows: 

a



(A) hindered phenols, 

(B) hindered thiobisphenols, 

(C) hindered bisphenols, and 

(D) polyhydroxy phenols. 

In view of the fact that hydroperoxides are the major cause of 

oxidation, it follows therefore that agents which promote the 

decomposition of hydroperoxides to form free radicals will bring 

ao} Since for all about a more rapid oxidation of the polymer 

practical purposes, materials which have degraded are valueless 

technologically, additives which either preserve the hydroperoxide 

or decompose it in a reaction which does not involve free radicals 

will act as effective antioxidants and stabilisers. 

1.3.1 Antioxidant Mechanisms 

Antioxidants may be classified according to their modes of action 

in protecting polymers, viz: 

(a) Chain-breaking: 

(i) chain-breaking donor mechanism (CB-D) 

(ii) chain-breaking acceptor mechanism (CB-A) 

(b) Preventive: 

(i) metal ion deactivating mechanism 

(ii) peroxide decomposing - stoichiometrical mechanism (PD-S) 

(iii) peroxide decomposing - catalytic mechanism (PD-C) 

12



(c) Uy stabilising (eg the use of screeners or absorbers - 

2+hydroxybenzophenone, hydroxybentriazoles) 

(d) Quenching (eg some nickel chelates) 

1.3.2 Chain-breaking Mechanism 

The kinetic chain-breaking mode of action can be summarised in the 

following scheme: 

R’ +0, = poo’ —Ce. Roo 

Chain-breaking 
(-e) 

(donor mechanism, CB-D) 

Re 

Chain-breaking 

(acceptor mechanism, CB-A) 

Radical chain-breaking antioxidants act by removing alkylperoxyl 

and alkyl radicals which are the important species normally 

involved in the chain propagation step, from the medium. The 

former may be achieved by use of single electron donors or 

compounds which after donating a labile hydrogen gives rise to a 

stable (non-propagating) radical. This mechanism is referred 

to as chain-breaking donor (CB-D). 

ROO" + AH —— Wh +s 

13



The best known antioxidants in this respect are the hindered 

phenols - 3,5-di-tertiary-butyl-para-cresol (TBC) and 5-tertiary- 

butyl-xylol (TBX) and the aromatic amines: 

OO R= isopropyl = (IPPD) 

phenyl (DPPD) 7 " 

The removal of alkyl radicals involves an electron acceptor (an 

oxidising agent) chain-breaking acceptor mechanism (CB-A). Among 

the variety of oxidising agents capable of removing alkyl radical 

from ai autoxidising system are the quinones, nitro compounds, 

nitrones and a variety of stable radicals of which the phenoxyls 

and the nitroxyls have been most studied. 

Oxidising agents: 

0 ° 
A t 

0 -N R-N=CR' 

Nv 
(ok [ae O=N 0 

4 
0 

Stable radicals as alkyl traps: 

oo tBu tBu 

| }; \ 
RN-R, ; “Cyr 3 RS=0° 

tBu “tBu 
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The consideration of the structures of the transition state, in 

the reaction of peroxyl radical with a phenol and also the reaction 

of alkyl radical with a quinone will explain the molecular 

requirements for an effective CB-D and CB-A respectively. 

cB-D 

R R 3 

(Ca =. Oke x got tior 

oR R | 

R 

Ce + HOOR 

R 

In the chain-breaking donor mechanism, electron releasing and 

electron delocalising substituents (X,R) reduce the energy of the 

transition state and increase antioxidant activity 1D ene 

products formed by further reaction of the initially formed 

phenoxyl radical are complex and they may have some activity 

(either positive or negative) in the autoxidation reaction !2) ; 

In the reaction of alkyl radical and a quinone, 

a partial transfer of an electron to the aromatic bond, is 

LS



involyed in the transition state and this demands that substituents 

Y to be electron attracting and delocalising in order to increase 

antioxidant activity. The CB-A antioxidants listed above act in 

a similar way. 

The majority of the chain-breaking donor (CB-D) antioxidants 

function most effectively when the alkylperoxyl radical is the 

major radical propagating species present in an autoxidising 

system whereas the CB-A type operates only in oxygen deficiency 

or at high initiation rates. 

Antioxidants which exhibit both kinds of activity no doubt have 

advantage over those operating by a single mechanism because in 

many antioxidant processes both species are present to some 

degree. The best known example of antioxidants which involve both 

mechanisms is the simple hydroquinones which are converted to the 

corresponding benzoquinones by the CB-D mechanism. 

QH 9 OR 

R00" R O #=0O™40 
OH Ou OH 

\ / 
I 
1 Xx 

OH 0 OR 

+ ohana O O CE-A 
OH 0



Some chain-breaking antioxidants have the ability to alternate 

between the oxidised and the reduced states and hence exhibit 

regenerative behaviour under conditions where both alkyl and 

alkylperoxyl radicals are important. Such actions are observed 

when sulphoxides (eg dilauryl sulphinyl dipropionate) are used 

(13) in the melt stabilisation of polypropylene , also the photo- 

4) and there is recent stabilisation of paint films by copper ions 

evidence (11,12,15) that a regenerative process involving the 

nitroxyl radical is involved in the uy stabilisation of polyolefins 

by hindered piperidines. 

The lack of activity of the reaction products derived from the 

hindered phenols and aromatic amines by their resonance stabilisation 

and or dimerisation with other species accounts for their 

antioxidant properties. 

A number of experiments were carried out with phenolic compounds to 

find out the effect of substitution in the 2, 4 and 6 positions 

on the antioxidant activity of the phenols and the following 

conclusions emerged: 

(1) Electron releasing groups (eg methyl, tert-butyl and ethoxy) 

reduce the energy of the transition state and tremendously 

increase the antioxidant activity. This has been shown to 

be true, although to a lesser extent, of similar 

substitution in the meta-position. 
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(2) Electron attracting groups (eg nitro, carboxy, halogen, 

etc) decrease the antioxidant efficiency. 

(3) o&-branched ortho-alkyl groups considerably increase 

antioxidant activity whereas groups in the para-position 

decrease the activity of the antioxidant. 

In the case of the amines, the following observations have been made: 

If an N-hydrogen is substituted by a methyl group (R, = Qi.) 

there is a minor effect on antioxidant activity but if substituted 

by a phenyl (Ry = CeHs) the efficiency of the antioxidant is 

boosted. Furthermore, substitution on the aromatic ring has 

little effect. As in the case of the phenols, electron 

releasing substituents have powerful activating effects. The 

effectiveness of chain-breaking antioxidants depends very much 

on ‘herrate of interaction with alkylperoxyl radical and also 

upon the stability of the resulting product (eg phenoxyl radical). 

In order to understand the mechanism involved in the interaction 

a knowledge of the chemistry of phenols and amine oxidation ‘1»2+16) 

is necessary. If (A’) is taken to be the resulting phenoxyl 
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radical in the interaction of an antioxidant, this radical can 

react further according to the following scheme: 

@) ——» AA Terminating 

: (b) ES AOOR | steps 

hem (c) p07 es A00° Ri AOOH + R’ | Transfer 

(ce es oars steps 

Reactions (a) and (b) are terminating steps and the radicals are 

being removed from the system. (c) and (d) on the other hand are 

chain transfer steps since they lead to continuation of chain. 

Substituents in the antioxidant affect its activity by: 

(i) increasing or decreasing the rate of reaction of alkylperoxyl 

radical with phenol, and 

(ii) changing the ratio of chain transfer to termination and to 

effect this, three factors have been found to be important. 

(A) Stability of aryloxyl radical 

It has been shown that in the case of polycyclic phenols, 

antioxidant efficiency can roughly be correlated with the resonance 

energy of aryloxy radical as calculated by molecular orbital 

method. Using the esr technique to observe the electron 

distribution in phenoxyl radical of oxidised 2,6-di-tert-butyl- 

4-methyl-phenol, a well defined spectrum which can be interpreted 

in tems of a major interaction of the unpaired electron with 
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three hydrogens and a minor interaction with two was given. The 

major interaction of the unpaired electron with three hydrogens 

accords with hyperconjugation (structure (ii)) in which the 

hydrogen atoms are equivalent and the minor interaction is due to 

the presence of a negative spin density in the meta-position of 

the benzene ring. 

0 
tBu. tBu tBu tBu tBu__+ tBu 

<-> <_ 

H H 1 q 
Gi, ai, HGH, 

@ (4a) (ii) 

(B) Ease of electron release from oxygen atom 
  

The alkylperoxy radical tends to gain electrons(electrophillic 

agent), with the formation of alkylperoxide anion (R00). As a 

result, substituents in the phenol which favours the electron 

release increase the stability of the electron transfer component 

of the transition state. 

ROOH 
OH av OH i on 6 

3 Rs R, 

Electron attracting groups decrease the ease of oxidation and 

L 

electron releasing groups powerfully increase it and the relationship 
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between oxidation potentials and oxidation efficiency is linear. 

(OC) Steric stabilisation of aryloxy radical 

The only stable phenoxy radicals are those which contain two 

bulky ortho substituents. Similarly, the reaction of the phenols 

from which they are derived iS dependent upon the other 

substitution. Maximum antioxidant activity occurs at a high 

degree of substitution, and a minimum hydrogen bonding with the 

most highly substituted member of the series, 2,6-di-tert-butyl- 

p-cresol (TBC). 

As regards the amine antioxidants, basically the same principles 

apply but electron transfer complexes are more important here than 

in the case of the phenols because completely alkylated p-phenylene 

diamine such as tetramethyl-p-phenylene diamine are effective 

antioxidants and the resultant radical ion can be identified as 

a product of oxidation under antioxidant conditions. 

ROO 

toe 
a CH nC ee OH qH Qa Heer Gay 3 73 Se 3,73 ore 

N N N N 
\ 

Fo Ro, =—s Eis 
SS 

I I I 

N N N N 
7X ees aS aa 

GH, GH, H,C GH, CH, GH, H.C CH, 

(i) (4i) (iii) 
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The resultant radical is stabilised by resonance contributions 

from structures (ii) and (iii). This can be shown by esr studies 

of the radical. The electronic effect of the substituents is 

similar to those in phenol and the steric hinderance of the 

nitrogen leads to increased activity. Substitution of the 

nigtrogen by phenyl or by secondary alkyl groups will give better 

results. 

1.3.3 Preventive Antioxidants 

The preventive mechanism is concerned with preventing the 

introduction of chain-initiating radicals into the system. As 

mentioned earlier, the most important source of free radicals 

is hydroperoxides and both metal ions and uv light are powerful 

catalysts for their decomposition. It therefore means that 

preventive mechanisms will involve deactivation of metal ion, 

the decomposition of peroxides to non-radical products and the 

absorption or screening of uv light. 

1.3.3.1 Metal Ion Deactivation 

It has been suggested that metal ions exert their pro-oxidant 

effect by forming umstable co-ordination complexes with 

alkyl hydroperoxides followed by electron transfer to give free 

radicals. The effectiveness of a metal ion as a redox catalyst 

depends on the ease of co-ordination and the redox potential of 

the metal involved. It follows then that metal catalysed reactions 
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may be prevented by either strongly complexing the ion to its 

maximum co-ordination number and thereby inhibiting futher 

co-ordination with hydroperoxide +17) or alternatively, and in 

some cases additionally, by stabilising one valency state at the 

expense of the other. 

The denticity of the chelating agent is the most important factor 

in the determination of the stability of metal complexes. It has 

been shown that, in the formation of the co-ordinate bond, the metal 

ion functions as a Lewis acid and the ligand as a Lewis base. 

The result of the work of Calvin and Bailes 18) on the stability 

of copper chelates revealed that the strongest complexes are 

formed with strongly electron releasing groups (eg methoxy group) 

and the weakest with electron attracting groups (eg NO). 

Furthermore, it was found that the greater the number of chelate 

rings that can be formed per ligand, the greater the stability of 

the chelate. An equally important aspect of chelate effect is 

the size of the ring formed by co-ordination. In the case of 

calcium chelate of alkyldiamine-tetra-acetic acid, there is a 

maximum stability which corresponds to the formation of five 

rings. Generally it has been observed that: 

qa) as the ring involving nitrogen becomes bigger, so the 

chelate formation constant decreases towards that of the 

monofunctional amino acid, 
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(2) the effect on metal deactivating efficiency of increasing 

the chelate ring from five to ten falls rapidly, and 

(3) alkyl substitution can be disadvantageous when it hinders 

the approaci of the chelating group to the metal ion and 

this results in a decrease of the metal deactivating 

efficiency. 

1.3.3.2 Peroxide Decomposers 

Bearing the hydroperoxide initiation mechanism in mind, it will 

be true to say that compounds which remove hydroperoxides in a 

process which does not involve free radical formation or protect 

hydroperoxides from decomposition should effectively inhibit 

oxidation. 

A number of workers (19-22) found that a variety of sulphur-containing 

compounds are effective peroxide decomposers. Bateman et ay (25) 

found that many sulphides are auto-inhibiting. Some of the more 

effective inhibitors of autoxidation caused an initial rapid 

uptake of oxygen followed by auto-inhibition. In fact, it has 

been suggested that the sulphides themselves are not effective 

antioxidants but rather the sulphoxides and the thiolsulphinates 

derived from their stoichiometric reaction with the 

hydroperoxides (1224) , Denison (25-27) showed that antioxidant 

active sulphides were destroyed and were converted to sulphoxides 

and sulphones. 
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RSH + SROOH —> RS-OH —> ROH + SO, 

$0; (H,S0,) 

A number of disulphides and their derived oxygenated products 

are effective catalysts for the decomposition of cumene 

hydroperoxide and the product results from heterolytic breakdown, 

the main gaseous product being sulphur dioxide and sulphur 

trioxide and it has been proposed that this is the effective 

antioxidant. 

Another important class of sulphur containing antioxidants is the 

group of metal complexes derived from dithiocarbamic acid and 

dithiophosphoric acid and related thiols such as mercaptobenzimidazole. 

i i | 
cats yin (RO) ,-P-S| Zn 

Zinc dialky1-dithiocarbamate, Zinc dialkyl-dithiophosphate 

oe CO C-SH O-SH 
he ee 

Ss 

Mercaptobenzthiazole Mercaptobenzimidazole. 

25



The activity of thiocarbamates both as antioxidants and catalysts 

for the decomposition of hydroperoxides shows that a free radical 

process is involved in the early stages (CB-D), later a catalytic 

non-radical (PD-C) decomposition of hydroperoxide. by acid formed 

R ; Ses 
ll i} 

N-C-S|,zn OOH, -N-C-5-5-C-N-R, 
i& 

R 

ROOH 

ae 

Ly RyN-C-S-OH 

ROOH 

$0 
i Wil 

Ry-N-C-OH + SO, —— — Ry-N-C-S-OH 
I 
0 

ROH + R-N=C=S 

S0;(HS0,) 

by oxidative breakdown of the sulphur complex. In the study of 

the mechanism of the process, isothiocyanate has been found as one 

of the products of oxidation (28»29) ° 

Holdsworth and Scott (28) found that sulphur dioxide is one of the 
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