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Abstract: Rubber articles contain various organic additives such as antidegradants, curing agents, and processing aids. It
is important to extract and analyze these organic additives. In this paper, various extraction methods of organic additives
present in rubber composites were introduced (solvent extraction, Soxhlet extraction, headspace extraction, and solid-phase
microextraction), and the extracts were characterized using gas chromatography/mass spectrometry (GC/MS). Solvent and
Soxhlet extractions are easy-to-perform and commonly used methods. Efficiency of solvent extraction varies according to
the type of solvent used and the extraction conditions. Soxhlet extraction requires a large volume of solvent. Headspace
sampling is suitable for extracting volatile organic compounds, while solid-phase extraction is suitable for extracting specific
chemicals. GC/MS is generally used for characterizing the extract of a rubber composite because most components of the
extract are volatile and have low molecular weights. Identification methods of chemical structures of the components sep-

arated by GC column were also introduced.
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Component of Rubber Composite
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Table 1. Major Organic Components Used for Rubber Composites.

Rubber Curing Agent Antidegradant Processing Aid Reference
Composite
tire sulfur, CBS, DCBS, CTP, OBTS  TMQ, 6PPD, 77PD, waxes stearic acid, naphthenic process oil, 7-11
esters, amines, waxes
rubber isolator sulfur, resole, CBS RICHNOX 1010, 6PPD process oil, waxes 12, 13
W}Ild shield sulfur, MBTS ’ bTMQ,'OPPD, IPPD, petrolatum, pr.oprle‘:tary zinc anf.i fatty ac.ld 14, 15
wiper blade 4,4’ -dioctyldiphenylamine, waxes blend, stearic acid, naphthenic base oil
sulfur, MBTS TMQ, wax stearic acid, paraffin wax
shoes . naphthenic oil, PEG, hexaoxatricosane, 16-19
DCP IPPD, phenyl-o-naphthylamine dioctyl phthalate
. DCP, sulfur, Bis-(tertiary poly-dehydroquinolines, BLE, zinc petrolatum, paraffin wax,
insulator . D . 20,21
butylperoxyl)-diisopropyl benzene  salt of mercaptotolyimidazole low molecular weight polyethylene
o-ring bis(2-ethylhexyl) phthalate, B

2-ethtlhexyl benzoate

*CBS: N-Cyclohexyl-2-benzothiazolesulfenamide, DCBS: N,N’-dicyclohexyl-2-benzothiazolesulfenaimde, CTP: N-(cyclohexylthio)phthalimide, OBTS:
N-oxydiethylene-2-benzothiazole sulfonamide, MBTS: 2-mercaptobenzothiazole disulfide, TMQ: 2,2,4-trimethyl-1,2-dihydroquinoline polymer,
RICHNOX 1010: Pentaerythritol tetrakis(3,5-di-fert-butyl-4-hydroxyhydrocinnamate), MBTS: benzothiazole disulfide, DCP: dicumylperoxide, BLE:
polymeric condensation product of diphenylamine and acetone
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Figure 1. Diagram of gas chromatography.
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Extraction methods of Organic materials

from Rubber Composite
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Figure 2. Process of solvent extraction.
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Table 3. Application of Solvent Extraction for Rubber Composites.

Rubber Solvent Extracted Substance Reference
NR ace.tone . accelerato.r 77
sulfuric acid hydroxylamine 78
acetone HPPD, TMQ, paraffine 75

SBR acetonitrile wax, OBTS 75, 81

n-hexane wax, process Oil 81
NBR n-hexane ZDBC, ZDE, DEHP, BHT 80
EPM ngltl}:) }2326 hydrocarbons 79

*OBTS: N-oxydoiethylene-2-benzothiazylsulfenamide, ZDBC: Zinc-di-
n-butyldithiocarbomate, ZDEC: zinc diethyldithiocarbamate, DEHP:
di(2-ethylhexyl) phthalate
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Figure 3. Apparatus of soxhlet extraction (orange: solvent
containing extracts, green: solvent, blue: water).
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Table 4. Application of Soxhlet Extraction for Rubber Composites.
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3. Headspace Extraction
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Rubber Solvent Extracted Substance Reference
Elastomer acetone BHT, Cyanox 2246, Antioxidant OMB, Cyanox 425, OTBG, DPG, DOTG, TPG 86, 87
acetone and ammonia mercapto group 86
SBR acetonitrile HPPD, OBTS, TMQ, processing oil, paraffin wax 75, 85
acetone HPPD, TMQ, DODPA, paraffine oil, 7-octylphenol/formaldehyde resin 75, 85
IR chloroform alkane, palmitic acid, stearic acid, BHT, DIBP 73
toluene toluene, xylene, bibenzyl, diphenylethylene 73

*Cyanox 2246: 2,2’-methylenebis(4-methyl-6-tert-butylphenol), Antioxidant OMB: 2,2'-methylenebis[6-(1,1-dimethylethyl)-4-methyl-phenol, Cyanox
425: 2,2’-methylenebis(4-ethyl-6-tert-butylphenol), OTBG: orthotolybiguanidine, DPG: diphenylguanidine, DOTG: diorthotolyguanidine, TPG:
triphenylguanidine, OBTS: N-oxydiethylene-2-benzothiazylsulfenamide, DODPA: di-(t-octyl)-diphenylamine, DIBP: diisobutyl phthalate
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Figure 4. Diagram of static (a) and dynamic (b) headspace
extraction.
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Table 5. Application of Headspace extraction for Rubber Composites.

Type Rubber Extracted Substance Reference
IR alkane, BHT, xylene, bibenzyl, diphenylethylene 73
Static ABS 1,3-butadiene, styrene, acrylonitrile 94
NR TMA, dimethyl disulfide, butanone, methyl isovalerate 95
EPDM butyl alcohol 96
NR siloxane, xylene, isobutene isomer, N-methyl aminobenzene 93
TMA, hexanenitrile, dimethyl disulfide, butanoic propanoic, anisole, phenol 95
Dynamic BHT, trimethylhydroxysilane, hexamethylcyclotrisiloxane, 2-methylnonane,
Silicon rubber octamethylcyclotetrasiloxane, Tetrakis(trimethylsiloxy)silane, Decamethylcyclopentasiloxane, 97

Dodecamethylpentasiloxane, 1,2,4,5-tetramethylbenzene, Dodecamethylcyclohexasiloxane,
Tetradecamethylcycloheptasiloxane,

*TMA: trimethylamine
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Figure 5. Syringe for solid phase microextraction.
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Figure 6. Process of direct immersion (a) and headspace (b) solid phase microextraction.
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Table 6. Application of Head Solid Phase Microextraction (HS-SPME) for Rubber Composites.

Rubber Coating Fiber Extracted Substances Reference
DVB/CAR/PDMA, CAR/PDMS, TMA, hexanenitrile, 3-methyl-indole, indole, nonanone, anisole, aniline,
NR PDMS/DVB, PDMS o-cymene, styrene, ethylbenzenen, m-xylene, D-limonene 95, 105
DVB/CAR/PDMS, CAR/PDMS hexanal, dodecadienone
Silione  DVBICARIPDMA, CARPDMS, 5 ¢ (i e, 26, 0-vimetmipemadecane, 97
’ siloxane, N, N-dibutylformamide, BHT
IR DVB/CAR/PDMS, CAR/PDMS pentanal, 1-ethyl-5-methylcyclopentane, hexanal, dimethyl phthalate 105
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane,
Polysiloxane PDMS decamethylcyclopentasiloxane, dodecamethylcyclohexasiloxane, 106

tetradecamethylcycloheptasiloxane

*TMA: trimethylamine
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