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Introduction

Natural Rubber (NR) is a material that has a very good balance of

elastomeric properties and seems destined to remain in use as a general

purpose rubber for the foreseeable future. It has, however, experienced 

continual erosion of some of its traditional uses by special purpose 

synthetic rubbers which are more particularly suited to certain 

applications. These special purpose rubbers have also created entirely

new applications for rubbery materials.

Chemical modification of NR^ has for many years been recognised as 

a potential method for producing new materials. Cyclized, chlorinated
I

and hydrochlorinated NR were produced commercially but have been largely 

superseded by synthetic products. The increasing costs of petrochemical 

based materials, including the special purpose polymers is changing 

the economic status of chemical modification of NR. If modification 

leads to exceptional properties or if the modification process is a 

particularly easy one, serious consideration of such modifications now 

seems warranted.

2 3 A
Epoxidation of NR and other elastomers is well knovni * * . It is 

one of the sim.plest chemical modifications of unsaturated elastomers 

that can be envisaged. This paper will discuss our recent work on the 

epoxidation process and describe the physical properties of epoxidized 

NR.

Epoxidation of NS.

Epoxidation in solution cannot be considered as a comnerically 

viableJ^rocess for NR. The cost of preparing a suitable solution of 

NR and recovering the modified rubber from the solution vjould be 

prohibitive. The preiferred starting material for all chemical modifica­

tions of NR is field latex. Direct epoxidation. of latex has been



reported for a "range of unsaUurated polymers^*^*^ . It lias also been

rccognised that secondary ring-opening reactions can give rise to other
8 9

modifications mainly hydroxy, acetoxy and substituted furans .

We have found that MR latex can be epoxidized to very high levels 

without side reactions provided certain specific precautions are taken. 

The precautions are:

1. The peracid used must be free from strong mineral acid,

2. The over-all acid concentration must be kept low. As the required

level of epoxidation increases the latex must be diluted to compensate 

for the increased amount of peracid required.

3. The temperature must be maintained below 20°C throughout the

reaction.

A, The latex must be washed very thoroughly on a crepe mill to remove 

all .traces of acid before drying.

For laboratory work, low atmionia latex concentrate stabilized with 

Tl'lTD and zinc oxide was diluted prior to use and stabilised with 

Ethomeen 18/60, a non-ionic surfactant. The peracid was a solution of 

peracetic acid (35% w/v) in acetic acid free from strong mineral acids.

Epoxidized NR*s with epoxide levels from 10 to 90 mole %  have been 

prepared. The level of epoxidation can be estimated by nuclear 

magnetic resonance (nmr) spectroscopy using the characteristic resonances 

shox-m in Fig 1 or alternatively from a glass transition temperature 

calibration curve.

The epoxidized NR materials discussed in the remainder of this 

paper were prepared with f u H  precautions against side reactions. The 

absence of groups other than the simple epoxide ring was confirmed by 

nmr analysis.

Properties of Epoxidized NR

Epoxidation of NR increases the glass transition temperature (Tg) 

of the polymer in a linear manner from -72^ for NR to +5^C for 100 mole 7«



a  •
epoxidir.cd NR (Fig 2) as determined by differential scanning colorimetry 

(DSC). Mechanical transitions (Tm) involving a peak in the phase angle 

and associated changes in stiffness are related to the Tg. Epoxidized 

NR should thus exhibit changes in related properties with increasing 

levels of epoxidation.

! Partially epoxidized M  can be crosslinked with peroxide reagents 

but the efficiency of the crosslinking reaction decreases rapidly at 

epoxide levels of over 50 mole % (half the NR double bonds have been 

replaced by epoxide groups). The crosslinking is presumably completely 

dependent upon the residual double bonds.

Epoxidized NR vulcanizates, up to 90 mole % epoxidation, have been 

prepared from a range of standard sulphur formulations, conventional 

high sulphur to sulphurless TMTD/ZnO. Fig 3 compares Monsanto Rheographs 

for NR and 507. epoxidized NR using a recipe based on 0.6 phr 

2-morphollnothi.obenzothiazole (MOR) and 2.5 phr sulphur and Fig 4 shows 

similar Rheographs for a mix based on tetramethylthiuram disulphide 

(TMTD) with no free sulphur.

Gum sulphur vulcanizates of epoxidized NR retain the high tensile 

strength of NR gum compounds. The tensile properties of a series of 

epoxidized NR*s compounded with MOR (0.6)/S (2.5) and TMTD (3.0)/Zn0 (5.0) 

are recorded in Table 1. This data suggests that epoxidized NR like NR 

can undergo stress crystallisation even at high levels of modification.

The air ageing of epoxidized NR vulcanizates compounded with a high 

sulphur system is inferior to that of NR.(Fig 5), however as the level 

of sulphur in the formulation is reduced the air ageing improves. The 

air ageing of a 507« epoxidized NR TMTD/ZnO vulcanizate is comparable to 

the corresponding NR control.

Some further properties of epoxidized NR's are recorded in Table 2. 

Increasing the level of epoxidation results in improved fatigue and 

abrasion resistance, as measured by the Akron test. The improvement in 

abrasion is probably due at least in part to the increase in hysteresis, 

Schallamach^^ has shown that hysteresis is an important factor in the 

abrasion testing of rubbers using slipping wheels.

Fig 6 shov7S the rebound resilience data in more detail. The curves 

for the individual epoxidized KTl samples show fairly sharp minima and 

the temperature range over which any individual sample shov;s high damping
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is narrow. For practical applications a much broader temperature band­

width would be required, this can be achieved by blending equal 

proportions of 25, 50 and 907« epoxidized NR.

Considering the tensile and rebound resilience results together, 

it can be seen that high damping behaviour at ambient temperatures can 

be achieved without loss of the high strength and low stress relaxation 

characteristics of normal NR vulcanizates. This contrasts sharply 

with the gum vulcanizates of recognised high damping rubbers such as 

acrylonitrile-butadicne copolymers and butyl rubber which suffer from 

high stress relaxation and low strength.

Related to the increase in Tg of epoxidized NR and consequent increas< 

in hysteresis at ambient temperature is a marked improvement in wet skid 

resistance. Comparative wet skid resistance figures for smooth and 

rough concrete surfaces are recorded in Table 3 for different levels of 

epoxidation. Optimum skid resistance occurs at 507. epoxidation where the 

rubber exhibits maximum damping at the temperature of the test (20°C). 

Under service conditions in the wet, where a tyre surface temperature may 

be somewhat above ambient, a higher level of epxodiation may be more 

advantageous. Resistance to skidding on ice at ~10°C is adversely affectec 

by increasing levels of epoxidation. A  useful compromise for a tyre 

application may lie in the region of 257o epoxidation but more work will 

be necessary to evaluate this possible applicational area.

Epoxidation of NR progressively decreases its air permeability.

The permeabilities of NR, epoxidized NRs and some low-permeability 

synthetic rubbers are summarised in Table 4. The permeabilities are 

rated relative to an NR control of 100. At 757« epoxidation the epoxidized 

NR is comparable in performance to butyl rubber and acrylonitrile- 

butadiene copolymer. Epoxidized NR is to be evaluated as liners for 

tubeless tyres, as there is an adhesion problem with the material 

presently in use.

Finally, epoxidation of NR significantly increases its resistance to 

swelling by hydrocarbons and conversely, decreases its resistance to 

swelling by polar liquids such as brake fluid. Some representative 

swelling figures are given in Table 5. At 75% epoxidation, very good 

resistance to hydrocarbon oils can be obtained and although susceptibility 

to brake fluid is markedly increased there is no corresponding increase 

in susceotibility to water.



f •
Although the evaluation of epoxidized NR is only at a relatively

early stage, the properties obtained to date and ease of preparation

indicate that serious consideration of this modified is warranted.
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