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ABSTRACT. Analysis of additives in cured rubber is often a difficult task for analytical chemists because of

a wide variety of complex components. Conventional analyses of additives and rubbers have been done in multi-

step, off-line processes with large sample size and extensive sample preparations. The coumarone-indene resin,
resorcinol-formaldehyde resin, and prevulcanization inhibitor have been characterized by their pyrolysis pathways
and mass spectra of characteristic pyrolyzates. Pyrolysis Gas Chromatography/Mass Spectrometry (Py-GC/MS)
was used in the identification of additives without any sample pretreatment. This result shows that several organic

additives in cured rubber can be directly analyzed.
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Table 1. Rubber compound

SRR - FFRE - T

P
T—CH—CH;—CH—CH;
H

H CH,

N

L—S—N—¢—CHy
CHy

N§

e
O e
N? O
Dz

EERED

COUMARONE-INDENE RESIN (C-80)

Q
1]
\
OO-<)
C
i
o]

RETARDER PV

BONDING AGENT SUMIKANOL 620
A resin

Fig. 1. Chemical structures of organic additives.
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B M oABsAX| 25 Japan analytical Indus-
try®] JHP-32] Curie point pyrolyserg o]43}9 3,
590°ColA] 527t ¥R d¥a) 7hag o] B
¢} Interface §F GC/MSE. F¢)3}ed EAstdc}. GC
= Hewlett Packard(HP) 5890 II plus& AR8-3l

Ingredient phr*

A B
Natural Rubber (NR) 80.0 80
Styrene Butadiene Rubber (SBR) 20.0 20
Zinc Oxide (ZnO) 3.0 10.0
Carbon Black (C/B) 50.0 50.0
Stearic Acid (St/acid) 2.0 03
Cobalt salt 1.0
6C (N-1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine) 15 1.2
RD (poly 2,2,4-trimethyl-1,2-dihydroquinoline) 1.0 1.2
Wax 1.0
Sulfur 1.3
Insoluble Sulfur 8.0
NS (t-butyl-2-benzothiazol sulfenamide) 13
DZ (Dicyclohexylamine-2-benzothiazol sulfenamide) 0.8
Retarder (N-(cyclohexyithio)phthalimide) 0.2 0.2
C-90 (Coumarone-Indene resin) 25
Sumikanol 620 (Alkylphenol resorcinol formaldehyde resin) 25

*Part per Hundred ratio of Rubber
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Fig. 2. TIC of Cured rubber A and B.
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Fig. 3. TIC of C-I resin by (A) Py-Gc/EIMS and (B)
Py-GC/CIMS. 1. m/z 118 coumarone, 2. m/z 116 indene,
3. m/z 104 styrene, 4. m/z 220 St-In 5. m/z 234 Co-In,
6. m/z 232 In-In, 7. m/z 105 MH" of styrene, 8. m/z 147
(MC;Hs" of coumarone) and m/z 119 (MH' of cou-
marone), 9. m/z 145 and 117 of Indene (MH" and MC
2Hs"), 10. m/z 263 and 235 of Co-In (MH" and MC,H
s*), 11. m/z 261 and 233 of In-In (MH® and MC;Hs")
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Fig. 4. Mass spectrum of characteristic pyrolysates from C-I resin by Py-GC/EIMS (A) Styrene pyrolyzate (m/z 104)
(B) Indene (m/z 116) (C) Coumarone (m/z 118) (D) St-In sequential pyrolyzate (m/z 220) (E) Co-In sequential py-

rolyzate (m/z 234) (F) In-In sequential pyrolyzate (m/z 232)
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Fig. 5. TIC and Mass spectrum of coumarone: Top;
TIC of coumarone, Middle; Mass spectrum of cou-
marone by Py-GC/EIMS, Bottom; NIST mass spectrum
of coumarone.
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Fig. 6. Mass spectrum from reagent grade of (A) Indene
(myz 116) and (B) styrene (m/z 104) by Py-GC/MS.
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Fig. 8. TIC of vulcanized rubber A containing coum-
arone-indene resin and mass spectrum of C-I resin com-
ponent (1) m/z 234 Co-In, (2) m/z 116 Indene.
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Fig. 9. Mass spectrum of main pyrolysates of bonding
agent resin. 1. m/z 82 toluene, 2. m/z 108 4-methyl-
phenol, 3. m/z 110 resorcinol, 4. m/z 124 5-methyl-1,3-
benzenediol, 5. m/z 206-4-t-octylphenol, 6. m/z 220 2-
methyl-4-t-octylphenol
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Fig. 11. TIC of cured rubber B and characteristic mass
spectrum of SUMIKANOL 620. (1) Resorcinol (m/z
110), (2) 4-t-octylphenol (m/z 206)
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Fig. 12. TIC of vulcanized rubber and mass spectrum of

antioxidant (1) RD, (2) 6C.
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Fig. 13. Extracted mass spectrum (RETARDER pyroly-
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(B) 1H-isoindole-1,3(2H)-dione (m/z 147) (C) Pyrolysis
process of RETARDER (PVI™)
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Fig. 14. TIC with mass spectrum of stearic acid m/z 284
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