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Identification of antioxidants and accelerators in gum
and carbon black-filled rubbers by thin-layer
chromatography

By J. R. DAVIES and F. W. KAM

The Natural Rubber Producers' Research Association,
Tewin Road, Welwyn Garden City

INTRODUCTION

he types of organic accelerator used for natural rubber and
T other polymers can be represented by the following classes,

(a) aldehyde*amine condensates (bi guanidines and thio-
carbanilides. (c) Thiazoles:
and dithiocarbamates.

Typical thiazole accelerator types are 2-mercaptobenzothiazole
(MBT> and benzothiazyl disulphide (MBTS), which are closely
related to the sulphenamide types which are w'idely used in the
rubber industrv-, ~ing manufactured from mercaptobenzthiazole
and a selected amine eg r-butylbenzthia2yl-2*sulphenamide. Various
types of compounds, given the general terminology *antioxidants *
are also used in rubber compounds to minimise degradation of
polymer materials due to the effect of oxygen and ozone. Chemically
these antioxidani compounds are represented by the following
classes, (a) amines and their derivatives which include ketoamine
and aldehyde-amine condensates and secondary aromatic amines,
(b) phenols and their derivatives and (c) dithiocarbamates and other
sulphur compounds.

Typical examples of the amine types are polymerised 2,2,4-
Irimethyl 1.2.dihydroquinoline (“Flectol * Hi. phenyl-P-naphthyl-
amine (PBN) and para-phenylenediamine derivatives based on the
genei”l formula

sulphenamides: thiurams: xanihates

NH—R'

The identification and determination of accelerator and antioxidant
in vuicanisates has always been one of the more difficult problems
in rubber analysis. The quantitative determination of accelerator
or antioxidant is often possible once it has been shown by qualitative
tests to be present, but it by no means follows that the amount
found after vulcanisation is the same as that originally added.
Various methods have been previously used based on specific colour
reactions*, column and paper chromatography* » and absorption
spectroscopy*, which were often non-specific and time consuming.
For this reason the technique of thin-layer chromatography was
applied to this problem of identification of amioxidants and
accelerators in vulcanised rubbers.

EXPERIMENTAL

Examination of commercially available antioxidants
and accelerator compounds

The various samples, as received from the manufacturer, were
examined by TLC using 01, 0-5 or 10 per cent w v solution in
appropriate solvents “normally acetone or carbon teirachloride).
Five microlitre aliquots were pipetted on to silica gel plates and
developed with benzene ethyl acetate/acetone 10052 v/v.
Toluene ethyl acetate ammonia 98/2'01 v v can also be used. The
spots were located by spraying with 2,6-dibromo-/>-ben2oquinone-4-
chlorimide (0*2 per cent inethanol) and heating gently with a hot-air
blower, giving specific and well defined colours with the various
types of antioxidant and accelerator. The usefulness of this spray
reagent is illustrated by the fact that even elemental sulphur is
detected as a pink spot. The reagent appears to function in a dual
capacity of acting as a mild oxidising agent which can oxidise
cenain compounds such as the secondary amines to give coloured
Woaurster salts or b> a coupling reaction to give a coloured product.

With phenolic compounds jndophenols are formed.
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Typical chromatograms are shown in Figs. 1 and 2 and |

specific colours and R f values are given in Table I.

18.

19.
20.

TABLE |1—Typical Rr values and colours for antioxidanU and
accelerators, using Benzene Edi;-! AceUte'Acetone 100"5/2 as toiveot

N.N"*Dimethyl-N-N-di-(I‘Diethyl  propyl)-
/>-f*yleiiediaBioe Eattozone ' 32) ..
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(BLE)
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Benzothiazyl-dtwlIphide OfBTS
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Reasonably constant Rf values are obtained if the thid”
the silica gel layer is kept between 200 and 300" and the dw
saturation is maintained. The small variation in Rf values”
no problem in identification work as the indicating reagent |
wide range of colours which permitted identification of the w
compounds both by colour and distance travelled. AlthoiJ
exhaustive testing of all commercially available antioxidanfl
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Figs. | and 2. Chromatograms of typical commercial ot>>

n oxidants and accdtrators
acetone, 100fSlII;
4-chlorimide in ethono

See ofso Table I.

~lerators was not made, a portion of the various types available
tre examined lo illustrate the general usefulness of TLC fqr
:paraiion and identification. It is also a useful way of assessing
LpLTity of the commercial compounds, since small amounts of
npuriiie:» can be detected using this technique.

uminatian of antioxidanrs and accelerators In
umand carbon black-filled natural rubbers

The customar>' starting-point for any examination of the anti>
vjdant and accelerator sj-stem of a rubber compound is an extrac-
on procedure, giving an extract which is a complex mixture of
uiierials initially present in the rubber, vulcanising and other
rgredients added during compounding, together with reaction and
rcakdown products of these. For the extraction of natural
jbber, whether raw or vulcanised, acetone extraction is always
I>edifedas it fulfils most of the criteria for a good extractant. The”
re that the polymer should be swollen slightly by the solvent but
ipuld not be soluble in it: it is convenient that it should boil well
ilou £> extracted material so that it can be easily removed from

e\;"tC;, without any extract loss: the solvent should also be
«n to any possible ingredients of the extract and not be objection-
=cby virtue of excessive toxicity, inflammability or odour.

Acetone has been widely used in the rubber industry but does
ave certain disadvantages in that it causes decomposition of
Ttain accelerators*.  This effect will give no real problem in
Icntincation of accelerator t\-pes used in a rubber compound, but
ill, of course, make quantitative measurements on ac”lerators
uher difficult: as, however, most of the organic accelerators used
ccompose during vulcanisation, only qualitative measurements
fc really meaningful. Some workers have used isopropyl alcohol
Iroom temperature as the extractant but work in the laboratory
lowed that incomplete extraaion was often observed.

The rubber samples, compounded according to the formulations
STable." Il and I11. both in the uncured and cured state were lightly
»llcd to facilitate extraction and cut into small pieces. A one-gram
»mplc t-O-0ig) was extracted for 12 hours with acetone under

the acetone was then distilled offand the residue was dissolved
>0-5 ml of carbon tetrachloride. Aliquots (normally 5 fdMwere
'petted on to silica gel plates and developed with solvent mixture
nd spra>'ed with spotting reagent as previously described.

RESULTS

typical chromatograms are shown in Figs. 3 and 4.
The~ollowing general obsersations were made.

Fig. 3. Chromatogram of a Cum Rubber Extract;

benzene/eth"f acetatej
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TABLE Il—Foraulatioo for Tariwis rubber lampies

Gum mix

Natural rubber (RSSI)
Stearicacid ..
Zinc oxide
Sulphur
N-cyclobex> |- -2-beflzothiazole-
sulpheoamide (' Santocure ’
CBS)
Dii“ylKuanidine O)PG)
B«nzothiaz> I-disulphide
(MBTS)

Gy TR

Sampfe \o.
3 <

too 100
20 20
50 50
25 25
*0 10
20 -

- 20

TABLE IU—Carbon Black-fiiicd mix

samp/e Ab.

Naaval rubber MR5Y. O
Carbon b }gA )

earlc a ci d ......
>?"‘b>'>idh|’Bi6[é

ey
CﬁA ' Santocure *

pber%/lguanldme énDPG)
{MBTS W
nyo%ledi riine f\lonox *

Phe

PBN
Pogd}/nbfdr%Md 2.2, 4trm’e|§}% 1|2

The cured tamplet were heated at 140X for 30 minutes.
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Can Rubbers. (Fig. 3)

In the uncured and cured rubber extracts, certain phenolic
components were detected which were found in raw natura rubber,
being identified as the tocophero! and tocotrienol class of com-
pounds. The relative amounts appeared to be independent of the
type of accelerator or antioxidant system used.

In all the uncured samples free elemental sulphur (Rf0-95; pink
spou and free MBT (Rf O42: orange spot) were detected, the MBT
being formed by decomposition of either the sulphenamide (CBS)
or the disulphide (MBTS) accelerator on compounding. The relative
amounts depended on the accelerator system ie the greateramount of
MBTS used gave more MBT: but also raiher surprisingly the
amount of free MBT appeared to var>' with the t>pe of antioxidant
present. This appeared to suggest that some secondar> reaction
was taking place between the acidic thiol group in MBT and the
basic amine antioxidants.

However, in the cured samples only traces of free MBT were
found due to the reaction of MBT with zinc oxide to give ZMBT,
which was not extracted from the rubber by acetone. Once again
there appeared to be relatively more MBT formed from the
MBTS DPG Ssystem.

The relative amounts of antioxidants in the uncured and cured
rubbers appeared ver>' comparable and identification of the various
types was possible from the Rf value and colours. There appeared
10 be little or no loss of free antioxidant on compounding or curing.

Carbon black-filled rubbers (Fig. 4)

The phenolic type of compounds found in natural rubber were
not detected in the uncured or cured states, probably due to
adsorption on to the surface of the carbon black.

Elemental sulphur could be detected in the uncured samples
ARr 0-95: pink). However, a second component of comparable

institution of the Rubber industry
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R f value was also detected in the uncured and cured rubi
extracts, which appeared to be associated with the aroma
components found in the processing oil (*Sundex' 1585).
found with the gum rubbers, free MBT (Rp 0*42) could be detect
in the uncured samples, the relative amounts depending on |
accelerator systems and antioxidant type. On curing only tn
amount of MBT could be detected, the relative amount being grea
for the DPG/MBTS'S accelerator system.

Identification of antioxidant tjpe was again possible both in |
uncured and cured state, the relative amounts in each case bel
virtually identical, suggesting that there was little or no loss of fi
antioxidant on compounding or curing. From previous work t
loss of free antioxidant depended markedly on the type of carb
black and the basicity of the antioxidant ie the more basic t
antioxidant, the greater the adsorption on the surface of the carb
black.

From the above general obser\ations, it is seen that identificati
of antioxidant and accelerator type in gum or carbon black-fil]
rubbers is possible by comparing Rf value and spot colour w
those of the standard compounds. Although occasionally deco
position of accelerators takes place either by curing or extract]
procedures, identification of the decomposition products is possil
eg thiuram accelerators decompose to dithiocarbamates which j
detected as the zinc dithiocarbamates by R f value and colour.

This work forms part of a programme of research undertaken
the Natural Rubber Producers' Research Association.
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Rubber Technology Convention

Hotel Florida, Terrigal, New South Wales

19th—22nd September, 1968

Full details of the lecture programme will be
announced later, but the broadest aspects of the
Rubber Industry will be covered.

Anyone wishing to submit paper(s) for presenta-
tion is requested to provide the title together with
an abstract of the paper by Februar> 1st, 1968.
The completed papers will be required, at the
latest, by August 1st, 1968. The subject of the
technicai papers should be based on current
original investigation covering the following fields
of rubber manufacture.

1. Raw materials.

2. Technical and engineering aspects of
manufacturing.

3. Technical and performance characteristics.

Abstracts and enquiries concerning the papers
should be addre.ssed to:

Mr. M. Jordan,

Chairman. Technical Programme Committee,
c/o Olvmpic Tvre A Rubber Co. Ptv. Ltd.,
P.O. Box 1, '

West Fooiscray, \ ’ictoria 3012.

General Information can be obtained from :

Mr. D. C. Johnston Bell,
Bell Publications Ptv. Ltd.,
Box 4850, GPO, Sydney, NSW 2001. Australia,

or

Mr. K. W. Ellis,

Australian Carbon Black Ptv. Ltd..
PO Box 244,

Parramatta, NSW .2150, Australia.





