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Study on Volatiles Emission of Peroxides and Sulphur Curing Systems for
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Abstract The effects of peroxide vulcanization system and sulphur vulcanization system commonly used in
ethylene propylene diene monomer (EPDM ) insulation on the types and content of volatiles are studied by headspace
gas chromatography—mass spectrometry and thermogravimetric method. The results show that the main volatiles of
dicumyl peroxide (DCP) are phenylpropene, acetophenone and 2—phenyl-2—propanol ; the main volatiles of 1, 3-bis
(tert—butyl peroxide isopropyl) benzene (BIPB) are acetone. tert—butanol and 1, 3—diacetylbenzene; the main
volatiles of 2, 5-dimethyl-2, 5-tert—butyl peroxyhexane (DBPH) are acetone, tert—butanol, 2-methyl-2-
methoxypropane and 2, 5—dimethyl-2, 5-hexanediol. The analysis of vulcanization characteristics of different
peroxide systems shows that the dosage of BIPB is the least when the degree of vulcanization is equal to DCP.
Compared with DCP and DBPH systems, the content of volatiles of BIPB simple vulcanization system is the lowest
when pre—baked at 80 °C. The analysis of the content of volatiles of peroxide vulcanization systems and sulfur
vulcanization system shows that the volatiles content of sulfur/tetramethylthiuram disulfide/2—mercaptobenzothiazole
(S/TMTD/M) full formula system is significantly lower than that of other three peroxide systems when pre—baked at
80 °C, and the weight loss rate of pre—baked for 100 h is 31. 50% lower than that of DCP system. The difference of
vulcanization mechanism between peroxide and sulfur systems and the difference of vulcanization agent dosage are
the main factors affecting the content and types of volatiles emission in EPDM insulation.
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Tab.1 The main volatiles of different peroxide vulcanization agents raw materials
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Fig.2 Thermal decomposition mechanism of DCP
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Tab.3 The main volatiles of simple peroxide vulcanization

agents
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Tab.4 The main volatiles of sulfur and its accelerators
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vulcanization system after adding other additives

2.3.2 HiEAERSESIENYHRULERTELRE
WAL

% 52 DCP 5 S/TMTD/M Fi Ak ik 2 8 % =
Yrxt e, t# s A%, 80 CHIAML DCP fij AR AL A
Fal ) B W R RS M AR R 2-
HF-2-TN I, S/TMTD/M & BRf AL AR 2 3% 7= ) &=
_ g0 —

B T HLARER A H  , S/ITMTD/M i B ALK & 3=
BRI P AT DCP i BB AL A R 2 3, P A
AL R A LPO J& ¥ 2] 7 K& 1) BB i 2
TINAGEREIRFERA O BE =4 . R Zn0 & 512
T 2 e IO AL A A T 3] B — A e A — R R A 1
HAt ™) .

=5 DCP5S/TMTDMERLEREZRE=WIILLR

Tab.5 Comparison table of the main volatiles between
DCP and S/TMTD/M vulcanization systems

80 “C/5 hik i)

2R
HR I 4 NI
EPDM+DCP I
EPDM+DCP+LPO i@? ‘fﬂﬁ jﬁm‘% Y GG HEEE R
boP AR HRE ;gg_z_ Coo-C FLBERE RS
HAbfA x
EPDM+S/TMTD/M I
EPDM+S/TMTD/M+
PO C,-C,, HEELE Rz
EPDM+S/TMTD/M+ T -
RS EAESTl
S/TMTD/M 4:fit )5 LB C,,-C,, HkE
LA Bk
HAbfAz X

S/ITMTD/M B Ak A& 22 7 A= 1) — B Ak sk A — F Jie
— K A T M AT TMTD JE AR 24 5T, 55— T
Y TRk 22 B i B A i A A ML R o R 4%, X
A 13% e A T f, Rtk &R 5 Zn0 &£ R
N7 B Bk =2 I T i 2 A il 7 AR AR B R R
SO AR AN 14 Fis
S
I

Il
SN-C-8-8-C-N{
H3C CHs; H3C/

S
HsC CHs HC I

N-C-S

S
HC I HsC
N-C-§:- + H+ —> s=C=s +
H3C HaC
14 —ERALRR A — e A ML

Fig. 14  The formation mechanism of carbon disulfide and

SNH

o~

dimethylamine

2.3.3 HmENMTEAYEEAFERTELZEZEY
=R
&1 15 g 4B J5 1K 22 80 “C ¥t I i sk A 5t 484k
PR R dE AR A 2, e rpr i 2 02 3 R 1
BTAS. EA]HL, S/TMTD/M 1K £ 4% 5 4% T ik
o EARYIARZR | S A A AR & BIPB K H R A
i, Pk 100 h, DBPH . BIPB Il S/TMTD/M {4 % %k &
FHAE T2 hip://www.yhclgy.com  20224F 45584



LI DCP AR R A3 BRI 14. 14% .19. 95% .31. 50% .,

3.5+
3.0+
2.5
&
= 2.01
i 1.5
K
1.04 —=—DCP
—e—BIPB
0.5 —a—DBPH
—v— S/TMTD/M
0-

0 20 40 60 8 100
£ /h(80°C)
15 4Bk % 80 “CHUML A F ZeAr fh h 2k
Fig. 15 The change cures of weight loss rate of full formula
systems when pre—baked at 80 °C

B ff RN S AL IR R T R i o 22 S
F2 B A P 1 — 2 E A S R R R R
AEALEEAS[R] ik 8 Ak R 2R 32 B0 3 0 il ™= A 1Y)
H 3 585 F s AT AL, AT R /Ny T
JoT SRR T4 i W 5 T Bk A8 3R 5 4 A A8 3k
8 NG R R A IR, At T R R S
AL I 3% B R 2 I LA R oA 38 B A AR 8 50 4 ik
A BN O PR R IR R R B B AR
ZE 5 R R R A 0 AR S T
BRI A P A DG, S B Ak R 3 s, i 44k
Y53 it 7 1 T R ) SR I Ak R HLARE )
I3 12 ) o 5 % e S5 B, p L s i 446 342
R0
3 g

(DFES T E AR AT FBAIR R X 4
AR IR 3% L 40 0 R B DCP A 160 “CHY 3222
i PR R AT AR TR RN 2253k 2P s BIPB 7E
170 “CiHH 1) T2 BT BEFN 1, 3- LR
DBPH 7E 170 “CI1) 322830 7 P& N R BT B 2—-H
Fe-2-HUE LN BRI 2,5- K2, 50

(2) R A B A B A7) w5 B AR B2 RN
i, ANl A A AR R B AL 43 HT 2B, BIPB 1)
SEI R R AL S DCP AR 2SI ik, AS[mlad
AALYIR AR 2 3% 4 i AZ BRI S Im AR
80 CTHUHLET BIPB Sl 2 (13 H 4 5 e A1, 47 PR
fEA ZFHE 10 h %8 DCP FAIK 51. 92%

(3) h Fouf ik R 5 APk R G pLEA
], SITMTD/M 14 F S8 AN 25 77 A K A BL /N oy
T, T LA SITMTD/M & 3 11 3% 4 F5 2t BH S AR At
=t A IR R, AT R & 80 CHiHE 100 h, S/
TMTD/M 1K 248 DCP AR R FE(K 31. 50% , S/TMTD/M {4

FHIMEIT.Z  hitp://www.yhelgy.com  20224F 4554

F IR e T AN AR, 32 ORI
T M A TMTD JFUR R F B 2% JBFH R AR S8 Bk S )
TMTD 4953 fift 774 o

Sk

(1] P . W K HEE R e 5 TR (M. dest.h
AL T R, 2014:401-402.

PANG A M. Solid rocket propellant theory and engineering[ M ].
Beijing: China Astronautic Publishing House,2014: 401-402.

[2] KESIYA G, BISHNU P P, SMITA M, et al. Recent
developments in elastomeric heat shielding materials for solid
rocket motor casing application for future perspective [J].
Polymer Advance Technology,2018,29:8-21.

[3] JEAN-MARC L, ERIC B, CEDRIC B. Measurement of
volatile diffusivity in polymer particles[J]. Chemical Engineering
and Processing,2000,39:315-322

(4] & Q6 I, A ML, 55 . BALI SR i L EA LY
L5 HT LT . ARIE T, 2019,66(1) : 62-68.

CANG F F,YUAN L,NIU D W, et al. Component analysis
of volatile organic compounds of vulcanized rubber strip [J].
China Rubber Industry,2019,66(1) : 62-68.

[5] WINTERS R, HEINEN W, VERBRUGGEN M A L, et al.
Solid—state *C NMR study of accelerated—sulfur—vulcanized *C—
labeled ENB-EPDM/J ]. Macromolecules, 2002,35(5):1958-1966.

(6] U, 250 RRALET, 45 . [R50 TR A I
SREAOr ROFE T #8016 Tk, 2019,39(5) :308-311.

LI'Y F,LI H,ZHAO H X, et al. Study on odour analysis of
different accelerators and low odour alternatives [J]. Tire
Industry,2019,39(5) : 308-311.

[7] CONLEY M L, MOHAMMED F S, et al. Mechanism of
acid—catalyzed decomposition of dicumyl peroxide indodecane:
Intermediacy of cumene hydroperoxide [J]. Industrial &
Engineering Chemistry Research,2016,55:5865-5873.

(8] FRMER ,BAME, AN, =0 NARZTTERE o, a-—
HERIER A EEE) ] BACKETEIR,2009,32(3) :348-350, 354,

XU S L,HU W, BAI J. Determination of o, a—dimethylbenzyl
alcohol in EPDM insulation by gas chromatography[J]. Journal of
Solid Rocket Technology,2009, 32(3):348-350,354.

[9] JEREMY J R. SLS booster development[c 1// Orbital ATK,
The 51* ATAA/SAE/ASEE Joint Propulsion Conference. New York :
American Institute of Aeronautics and Astronautics, 2015:4-5.

[10] BYRD J D, GUY C A. Destructive effects of diffusing
species in propellant bond systems [ C ]/ Orbital ATK, The 21*
AIAA/SAE/ASME/ASEE Joint Propulsion Conference. New York,
American Institute of Aeronautics and Astronautics, 1986:3-5.

(1] R E . AR 8RB (Zn0) BT ZELT ).
RIS %Yk, 2020,50(1) :49-54.

WU D compiles. The importance of zinc oxide (ZnO) in rubber
technology[J ]. Rubber Reference Materials ,2020,50(1) :49-54.



