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Spectroscopic Studies of Ultrathin Microtomed
Sections of Polymers. Part III. Rapid
Characterization of Antioxidants in Cured Black-Loaded
Rubbers from Ultraviolet Spectra of
Extracts of Sections

P. J. CORISH, Chemical Research Department, Central Research Division,
Dunlop Research Centre, Birmingham, England

INTRODUCTION

Previous papers? have described the use of ultrathin microtomed sec-
tions (ca. 2 u thick) and scale expansion for identifying polymer in a black-
loaded cured rubber, and both polymer and filler in a cured rubber con-
taining inorganic filler. Sections were cut, initially, with the use of petro-
leum naphtha; toluene, or acetone, depending upon which was needed to
swell the rubber.

The use of an ultraviolet-transparent liquid to swell the rubber, which
would enable sections to be cut, should also lead to a very fast extraction
of antioxidants and, possibly, accelerator residues. This would obviate
the need for cutting the sample with scissors and extracting with cold sol-
vent, which is the normal, somewhat lengthy technique for the treatment
of vulcanizates in these laboratories.?

A UV-transparent cutting liquid, methyl cyclohexane, has been found,
and thus the identification of antioxidant in certain cured black-loaded
rubbers may be carried out, in addition to the characterization of rubber
and filler.

EXPERIMENTAL

UV spectra were run on a Beckman DK.2 Spectrometer under the fol-
lowing operating conditions: Scanning time, 5; scale expansion, 2X;
Time constant, 0.2; sensitivity, 12.

Some UV-transparent solvents, such as isooctane and isopropyl alcohol
(both had been chromatographed and distilled), were tried as cutting liquids
for natural rubber but were found unsuitable as they did not swell the
rubber sufficiently. Carbon tetrachloride was partially successful for nat-
ural rubber: sections were obtained plus an extract which showed evi-
dence, in its UV spectrum, of antioxidant content. However, carbon te-

727



¢ {zep{uioys ‘Yvom) geg
sjanpoad uorys DOINZ (ysryeam) 09z
-odwodep I8yjo + (sxap[noys
(DINZ) oyerreqied ¢ ‘qeoM) GOZ PU® 897 INL
-OIq3Ip [AyjomIp ouryz ONZ (eem) 287 SLAW - 1 doqqnu [A9ng
Ndd 3L (xyd g1°0) (ssowf1odod
I1d 10 MYV xagojusg auaIf48/auatpeing)
sponpoxd wory  oyvUIBAI(Y (Mvam) z8Z (aud ¢2'0) £9D paysryurojoyd
-1sodwossp + N9 Nad 80g 9InoojuBy NJH XOUON FZ pue [ 08[8 pus ZOS1 SYH
JereumsaI(y (eom) 797 ‘993 (ayd ¢.'0)
Nd €L3 MYV xagojusg
(1owiL[odoo suoifs
q11d + . (ysmjep pus (yd ¢2°0) aua[prINg)
ayeusal(q + N9d Ndd peoiq A19A) 06701 oINd0juBy  NJAH XOUON $Z pus aualAI3y
Ndd (sropnoqs) 9ez ‘183
Ndd cle
s3onpoxd wory é 862 (xqd 1)
-wodwodop 4 NdJ N4ad 60g oImaojuBy  NJH XOUON %7 pus Baq [BINEN
(39819%0 OpUO[YD
(Ngd) eurwe Ned 022082 «(1qd 1) -89} UO(IED)
“1Aqydeu-g-[Ausyg {NEd (98P ‘pBOIq) 008-028 «2IN00JIBY  NAH XOUON 1 JBqqni [eInjeN
goe1)x8 ut spunodwod  SjULW T “BWIXBTA] U XU u XTuI Ut g oydureg
J0 A13uepy -udssy 1078IA[300Y  JURPIXOIUY  ‘OWI} GO
~0BIVXY

s1aqqnyy vovdoq..xua_m peiny)) jo suo1eg _.553832 JO 810B19X onaxma.o?ho 1Aq30q Jo Bigo2dg AN

I H'I9VL

y BSATEST
2 23392
g mmmmmm
oy
2 W&m,mm
N g§idue
oS 5 1)
.M .l..n)rq_d%
mm.mo.mm ,
Wﬁ%ﬂfu g
$gAEZagy
mwrdw t-I
“ 28k WMa
A -.35324
m.ueemwcu%pmt
mmm_,,mmy_w
R
Fg.HEA
AT
P EETE
BRoHEGET
SEEE e 8
aV.dmhme
S5 3 88 =
gE 25£880
EL°iEEE 4
Tegem it
mmMHMmmm
R PE-E-F-
9S4 8y 88
Bo3E £0
EEEEE pe
Zg%£8838
—~ Q=
EE¥TTEEET



MM
uady
v
q1d + ereusai(q MM
+ onyp ojeBy  equely
aysutsaIq
a)BuUISaI(T
PACH - 8
sjonpoxd
uor3sodwodsp
+ dTd + eysusaIg )
99BUISAIT
ayBuIsaI(]
a1d

(IND yMmojueg
+ @19 + 9yeusery l

318U
aTd +
ojeusI + WIE +
$2p JuBpXO1uUY ozh
a1g + o9%

-umel(J + VY7Z XOuoN

754
1282

ga1e

4414
dreqss 9.7
28¢
9% syvad
qim ¢9z-0¢ee
WNWIXBW YSIPBOIg

292
dreygs 222
4:14
98 oyvad yym ¢/7
-0[g Wnwxew peotg

693
aInjonI)s aurg{ 89z

LT
aprxodoxdosy wnipos
JO uonIppe Uo G67
82 09 SuryJrys ‘08%
82 4% yuod ysiproag

€8¢ PuUs LLT 8
sysed y3tm ¢oz—06e
woxy durny ysiprorg

2IND0)UeY

2In20}uBg

aInvojuByY

2Indojusy

2Imaojusy

SR % 4 ¢ F
-oprursueyd[ns o[0zBIqI0ZUSY-Z-[AXSYOPAD-N a8~ = 5 &5
*1aqqnu paipuny Jod 448 « 3 X pmuum @ 2
ﬁjmeM
ISR © w 8
255 BE¢E
(ayd g'7) S 88 R g <
MMM 838 2 8.3
NuaBy g pue | ouad1y] 348 dn
e E-b:
um....m 2 FoFM
m m . nm w Py
S 173 3 o m
W 9 s
N2 5gE
(1qd g'1) © wm.m.mdm
H 109914 52 pue T ouoA1y[ S B - 2
ML w8 37
o585 258
WEEEEE
(wqd g'1) A mh.mnm
WO B8HagSE
yMojuBg 7 pum | aua[Aay[ W-m. S g m o
o ® ] Qo
m m Eg B = S
Sg3ggol
o .
FERELET
£8gag8 g
=3 o
agd ¢ - 2 a
AJ mcﬂv = =11 n) -
¢zh 96 pue 1 ouajAzy mm s g m.mm
b1
SERTEEE
(1qd ¢'1) 538 287
V7Z XOUON %3 pus | ousAry] b= % S m 3 =1 m
B FEoS&EE



730 P. J. CORISH

after the solution had been replaced, and the UV spectrum of the extract
was run again after 24 or 48 hrs. or both.

RESULTS

The method was found to be applicable only to the rubbers that are not
“oil-resistant,” e.g., natural rubber and butadiene/styrene copolymers.
Qil-resistant rubbers, such as neoprenes and buta,dxene /acrylonitrile co-
polymers, need toluene as cutting liquid.

Table I lists the chief maxima in the UV spectra of extracts from various
cured polymers containing different antioxidants; identities of polymers,
antioxidants, and accelerators for the compounded rubbers are also given.
Figures 1-5 exhibit UV spectra of some of the extracts, together with ref-
erence spectra of antioxidants, etc.

DISCUSSION

The results obtained are discussed for each of the figures shown, which
relate to standard reference samples containing known antioxidants. Some
of the spectra of reference materials are not those of solutions in hydrocar-
bon solvents, but solvent shifts are not significant.?

Figure 1. Extracts of cured rubber containing phenyl-g-naphthylamine
(PBN) or Nonox HFN 5 which is predominantly PBN,? give easily recog-
nized maxima at 309 and 272 myu (E!%, = 978 and 1105 respectively).
This antioxidant is extracted rapidly and, as shown in Figure 1, there is
little difference between methyl cyclohexane extracts of sections of cured

250 PLe 350 360 mp

Fig. 1. UV spectra of extracts of natural rubbet containing Nonox HFN: (1) methyl
¢yclohexane extract of microtomed sections after £1 hr.; (2) methyl cyclohexate ex-
tract of microtomed sections after ca. 24 hrs.; (3) isooctane extract of “‘bulk’” polymer after
¢a. 48 hrs.; (4) Phenyl-g-naphthylamine in isopropyl alcohol.
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Fig. 2. UV spectra of extraets of Krylene (SBR) containing Nonox HFN and Santoflex
AW: (1) methyl cyclohexane extract of microtomed sections after £1 hr.; (2) methyl
cyclohexane extract of microtomed sections after ca. 24 hrs.; (3) isooctane extract of bulk
polymer after ca. 48 hrs.; (4) phenyl-g-naphthylamine in isopropyl alcohol; (5) Santoflex
AW in isopropyl alecohol; (6) Dresinate + BLE in isopropyl alcohol (extract of raw

Krylene).

200 250 300 360

Fig. 3. UV spectra of extracts of Krylene (SBR) containing antioxidant 425: (1)
methyl cyclohexane extract of microtomed sections after £ 1 hr.; (2) methyl cyclo-
hexane extract of microetomed sections after ca. 96 hrs.; (3) = (2) on addition of sodium
isopropoxide (509) and rerunning after ca. 30 min.; (4) isopropyl alcohol extract of
raw Krylene (Dresinate 4+ BLE).



732 P. J. CORISH

natural rubber after 1 and 24 hrs. and an isooctane extract in the cold of
the bulk polymer (cut into small pieces) after 48 hrs. A reference spec-
trum of PBN is also shown on the same figure.

0 Lo R 30 360 m -

Fig. 4. UV spectra of extracts of Krylene (SBR) containing Agerite White: (1) methyl
cyclohexane extract of microtomed sections after £1 hr.; (2) Agerite White in chloro-
form; (3)isopropyl alcohol extract of raw Krylene (Dresinate + BLE).

200 250 300 360 mp

Fig. 5. UV spectra of extracts of butyl rubber: (1) methyl cyclohexane extract of mi-
crotomed sections after £1 hr.; (2) methyl eyclohexane extract of microtomed scetions
after ca. 48 hrs.; (3) zinc dimethyl dithiocarbamate (ZDC) in isopropyl aleohol.
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Traces of decomposition products, e.g., oxidized PBN, also appear in the
spectrum.

Figure 2. Raw Krylene (SBR rubber) contains an antioxidant (BLE)®
of its own as well as Dresinate, a disproportionated rosin acid soap.*®
Methyl cyclohexane extracts of cured samples of Krylene exhibit maxima
due to BLE and Dresinate besides antioxidants added during compounding.
This is shown in Figures 24, which all relate to Krylene samples.

PBN may clearly be identified in Figure 2 but the identification of Santo-
flex AW (6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline) is by no means as
certain.

Figure 3. Fine structure at 277, 268, and 261 my due to Dresinate may
easily be recognized by comparison with a reference spectrum of an extract
of raw (uncured) Krylene. The somewhat broad maximum at ca. 282
my shifts to ca. 295 mu on addition of alkali, characteristic of going from
phenalic OH to the ionized O~ state. The positions of the maxima, haw-
ever, are not correct for antioxidant No. 425 [2,2’-methylene-bis(4-ethyl-
6-tert-butyl phenol), Anchor Chemical Co. Ltd., Clayton, Manchester,
England], because of the interfering absorption of BLE which peaks at
287 muy.

Figure 4. A characteristie long wavelength maximum at 315 mu (E.% -
= 1830 for Agerite White itself), together with a weaker maximum at
275 mu, appears in extraects of a eured rubber containing Agerite White
(N,N'-di-8-naphthyl-p-phenylenediamine).®¢ These are shown in Figure
4, together with additional weaker bands due to Dresinate or BLE.

Figure 5. An extract of sections of butyl rubber, which has no specific
antioxidant, exhibits maxima at 260 and 283 mu in the UV, as shown in
Figure 5. These are ascribed to zine dimethyl dithiocarbamate (ZDC),
the main reaction product of a tetramethyl thiuramdisulfide (TMT)
sulfurless cure. ZDC has absorptions at 261 and 280 my and is shown, for
comparison, in Figure 5.

SUMMARY

The examples given are only an indication of the capabilities afforded
by the use of a UV-transparent liquid (methyl eyelohexane) as eutting
liquid. It has been used successfully for identification of antioxidants as
well as polymers in unknown cured black-loaded samples of rubbers.
It is not proposed to extend this work, however, so it is being reported at
this stage,

The extraction suffers from several drawbaeks:

1. Some antioxidants, e.g., Nonox ZA (N-phenyl-N'’-isopropyl-p-
phenylenediamine), Santowhite CM (di-o-cresol monosulfide),*¢ and Flec-
tol H (acetone-—aniline reaction product),® are not extracted from mi-
crotomed sections of cured rubbers by the solvent used. These antioxi-
dants can be found in extracts from bulk rubber and extract quite quickly;?
thus, oxidation must occur during cutting and extraction.

2. In many of the UV spectra, maxima are very broad; the explanation
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may well be that oxidation of the rubber and antioxidant occurs very much
faster in thin sections than in a piece of rubber.

3. If mineral oil is present in the cured rubber, it is extracted and
“masks” some antioxidants.

Mr. C. E. Kendall is thanked for critically reading this manuseript and for his helpful
suggestions. 'Thanks are also due Miss S. Gamble for running some of the spectra, and to
Compounding Research Department for supplying the compounded cured samples.

References

1. Corish, P. J., J. Appl. Pulymer Sct., 4, 86 (1960).

2. Corish, P. J., J. Appl. Polymer Sci., 5, 53 (1961).

3. Kendall, C. E., unpublished work.

4. Whitby, G. S, A. B. A. Evans, and D, S. Pasternack, Trans. Faraday Soc., 38, 269
(1942).

5. Van Alphen, J., Rubber Chemicals, Elsevier, Amsterdam, 1956,

6. British Compounding Ingredients for Rubber, B. J. Wilson, Ed., W. Heffer, Cam-
bridge, England, 1958.

7. Wadelin, C. W., Anal. Chem., 28, 1530 (1956).

Synopsis

Several types of cured black-loaded rubbers, including natural rubber, butadiene/
styrene copolymers, polybutadienes, and butyl rubbers, can be mierotomed with an ul-
traviolet-transparent solvent (methyl ecyclohexane) as cutting liquid. The ultrathin sec-
tions obtained are used to characterize the rubber and the inorganic fillers, if any, and at
the same time the antioxidant present is extracted rapidly from the very thin films by the
solvent. An ultraviolet spectrum of the resultant extract enables some antioxidants and
reaction products of cures to be rapidly characterized.

Résumé

Plusieurs types de caoutchouc traités et chargés de carbon-black, comprenant le caou-
tchouc naturel, des copolymeéres- butadidne/styréne, des polybutadiénes et des caout-
choucs-butyle, peuvent étre microtomés en utilisant un solvant (méthylcyclohexane)
transparent 3 I'U.V. comme liquide permettant la coupure. Les sections ultra-minces
obtenues sont utilisées pour caractériser le caoutchouc et les charges inorganiques prégen-
tes, #'il y en a, et en méme temps 1’anti-oxydant présent est rapidement extrait des trés
minces films par le solvant. Un spectre U.V. de Uextrait résultant permet de carac-
tériser trés rapidement certaing anti-oxydants et produits de réaction des traitements ef-
fectués,

Zusammenfassung

Von einigen vulkanisierten, russgefiiliten Kautschuktypen, nimlich Naturkautschuk,
Butadien—Styrolcolpolymeren, Polybutadienen und Butylkautschuk kénnen unter
Beniitzung eines UV-durchlissigen Losungsmittels (Methylcyclohexan) als Schneide-
fliissigkeit Mikrotomschnitte angefertigt werden. Die erhaltenen, ultradiinnen Sch-
nitte werden zur Charakterisierung des Kautschuks und des eventuell vorhandenen an-
organischen Fiillstoffs verwendet und gleichzeitig wird das anwesende Antioxydans aus
den sehr diinnen Filmen durch das Ldsungsmittel rasch extrahiert. Ein UV-Spektrum
des erhaltenen Extrakts erméglicht die rasche Charakterisierung einiger Antioxydantien
und Reaktionsprodukte der Vulakanisationsreaktion.
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