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Fig.1 Route for the synthesis of OVPOSS@MB via thiol-ene click reaction

Tab.1 Composition of rubber recipe

Component/phr
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EPDM MB/EPDM OVPOSS@MB/EPDM
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F e R, AT RLGE B 8 SR AF 1, AR S 43 R
FHFR 2R L A e 0 2 UK, 265 B R IR 11 B4, AR 5 AE
80 °C EL % MEAH o T 08 24 h, SRR 405 (=W, 7=
2N 30%.
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T #E 2 AR

1.4 MK 53R
141 & F 44 5 4. o FTI-IR il XPS X7

OVPOSS@MB ] ft. % &5 14 i3 47 SR AE . K I 48
Bruker /A 7 42 77 ) VERTEX 70 FT-IR , DA% 5 £ 3030
S FT-IR 6 0%, 42 4 9 £ 76 [ O 400~4000 cm™, 43 H%
E4em's KM E IR R AE P Thermo
Scientific ESCALAB 250Xi X 4 £& )¢ H 1 fE 1% 1% it
17 XPS 3 H ,  20 HE R S2p i AE P I k4 2Lk
S2p3/2 A1 S2p1/2 ) B JiE B i XU , 73 ZE By 1.2
eV, A by 2:109,

1.42 EPDM £ & # # 89 w ik & A £ LK B« /E
120 °C {25 SAEH HEAS (GT-7017-NL , i 4 A6 il A% 2%
AR AFDHHEAT , FFIER T AR Z AL TSR 1)
J1 I e AN AT BE S T

143 A RHILEZEENEHEAR
2\ R A5 WDL-10 SO 4% i 3 e ik 58 MLk 4T /) 2%
PEREI A, F7 A E 2 9 500 mm/min.

1.4.4  UEKE WX : iR 48 Flory-Rehner J7 7%, {3 F
S I K O B AR R A R . AR A R
ROE BE SR, RO - R A BAE 2 8L =038+
0.083V, = VAR I AR R AR 43 %o

144 AN TH > PLAF T E LK SR
SCHRRMVHEAT o 7E 500 g R4 # AT T, It F)/EPDM B
& M KBS EPDM B A6 JIR fr RF 55 %5 #52 A, I £ 120 °C
2= G P CE 6 do BT BR YU 4L, I
A EPDM ¥ I AN & & o6 %, Ak ml i i XPS il
i EPDM i fb, Jise 4% filh 1 (1 8070 3= % &2, ARG B
FIERE IR T .

2 H#R5iTE
2.1 OVPOSS@MB Bk F &4

Fig.2 & MB, OVPOSS A1 OVPOSS@MB f#] FT-IR
T KR’ . MB ) —SH H BILEE 2568 cm,
OVPOSS H' [f] C=C i BL7E 1604 cm™ &k, 24 OVPOSS



(2) (b)

WW/W

P
1514 1467

ovPoss@MBYY 7
2950 .
1620
MB 2568 !
745

OVPOSS

(©

) )
OVPOSS@MB ¢t 7!
1

'
2950 2684 2600:

2568

MB

1604 1514
OVPOSS
L 1 1 1 1 71108 1 L 16?4 1 T PVPQSS 1 W 1 1 1
4000 3000 2000 1000 1800 1700 1600 1500 14003400 3200 3000 2800 2600
o/cm’ o/cm’ o/cm’

Fig.2 (a) FT-IR spectra of MB, OVPOSS and OVPOSS@MB and the magnified spectra in the region of
(b)1370~1800 cm™ and (c) 2500~3400 cm™
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Fig.3 (a) Survey XPS spectra of MB, OVPOSS and OVPOSS@MB; Cls XPS spectra of (b) MB, (c) OVPOSS
and (d) OVPOSS@MB; S2p XPS spectra of (¢) MB and (f) OVPOSS@MB

5 MB & M J5 , OVPOSS@MB 1 3 & H 3l —SH
I C=C I W% W W&, 17 7 2950 cm™ Ab HL B T BA (1)
—CH, (1) /S % Fk At 45 9% 20 W Wi 0%, 9 H. 2600 cm £
2684 cm' b HH B T B ik 25 A4 )RR AIE U, 4, MB T
C=N 1 45 3z 3l W U5 0 HE B TE 1620 em™ &b, C—N fi
45 % Bl W WA U HE LA 1467 em™ Kb, IR B SR 3R B
W U BLAE 1514 em ' Ak, AR AL — EUAR K ) C—H
T A1 25 1 9% 20 W U 0& H B AR 745 em ! AR 5 Ak
OVPOSS ] Si—O it 4 41 2y W i 06 tH L 7E 1108 em!
Wi, 2 W] MB 5 OVPOSS K24 T 4k 24 [ M o

Fig.3 ¥ MB, OVPOSS 1 OVPOSS@MB ff] XPS

W&, i Fig3(a) 5, MB 8l T S2p,S2s, Cls Al
Nls i & ; OVPOSS H #l T Si2p, Si2s, Cls il Ols il
U ; 117 OVPOSS@MB 't B T Si2p, Si2s, S2p, S2s 5
Cls, N1s f1 Ols g , X 3 — D UESL T MB 5
OVPOSS KA T % ) ¥ . Fig.3 (b~d) 43l 4 MB,
OVPOSS F1 OVPOSS@MB ] Cls XPS i K , MB [
Cls XPS iff [ v 40L& 2 3 AN, 43 il Oy 284.8 eV Ab 2K
) C=C,286.0 eV 4t C—N I N—C=N } 287.7 eV
b 1) N—(C=S)—N, H i N—(C=S)—N >~ MB 1] it
fiil 2 X, oW MB [ 2 B B Nz — "7
OVPOSS (1) C1s XPS i Bl w8l & Jy 2 AN, 43 55 N



4

284.3 eV Kb ) Si—C F1 284.8 eV At Ky C=C, H: 1,
Si—C il C=C W T #L 4 1:1; OVPOSS@MB [#] Cls
XPS i B w0l & N 3 %, 284.3 eV 1 284.8 eV 4 il
X B Si—C Al C=C, {2 C=C F1 Si—C FJ i £ Eb 16 K,
XU T MB R G 0 7 OVPOSS@MB () C=C [
5, 4N, MB I C—N I N—C=N tH Bl 7£ 286.2 eV
b, T N—(C=S)—N I A H B, i[5 2 Ak i T2 =X 1)
MB It K2 5 e b, 7538 26 5 # bk 2 . Figl3(e) N
MB 1] S2p XPS i & , MB [f) C—S—H H 8l 7£ 162.0
eV, 1 5 OVPOSS Jx I J5 , /£ OVPOSS@MB ] S2p
XPS B B i L T C—S—C 45K, H AL T 164.0 eV
Aab 5 SXAE BT Bt - A A SO )R A
HH T~ OVPOSS@MB ] AN i 4, A 16 AS B8 38 3k Joit
Tl 3 s U A X 4y R e A R A A, R e
OVPOSS@MB ) 4 5 45 74 , % XPS A Il 2] /¥ 76 3% &
w= 3k 47 o Mt . Tab2 N MB, OVPOSS Al
OVPOSS@MB 1 Jii - £ & [ 1% 5 Al S 546 {f , MB

AT OVPOSS A Ji 7 & 1 38 18 {E AN S 56 {8 BN B2
T, Ui B XPS %R i 6 3 B = A I B e
&M . R PE OVPOSS@MB H 5 -1 4 = Y 52 56 i 3t
17 A, R B2 OVPOSS:MB=1:8 i , # if (i 5 S 46
H &R, B AT LAHE N OVPOSS@MB 1 4H B 45
H9“OVPOSS:MB=1:8", JL FE £/ 15 4 1834.6.
2.2 EPDM EE#M R BIFILFFEF N1ZF MR
EPDM & & # K 1 i 4k #h 28 40 Fig.4 (a) T 7R »
Tab.3 NE &M BB S, S Bob B K5
(M) 1 S5 /NG 6 (ML) 1) 2218 (M — MO S5 R8I 138
AR FE A 9%, (Mu— MO UK, #5116 58 Bk A2 i
B TP A S E A B AR AR & e AR R
B R i 0 AR A A5 A5 R 1) R Ak T R R 2%, AR AR
FE R BEM, R I, $T 4 7/EPDM B & AR B K B
1,3 Z (CR o) F1 (M — M) ¥ /8T EPDM i 46 Ji¢ , 1
G, BB E AW UE R T X — . 1 X T
OVPOSS@MB/EPDM & & # Kl 3k i , H CRu.

Tab.2 Theoretical and experimental values of atomic content of MB, OVPOSS and OVPOSS@MB detected by XPS

Atomic fraction/%

C N S O Si
-
MB 70 20 10 0 0
E
MB 71.54 18.55 9.91 0 0
T
OVPOSS 44.44 0 0 33.33 2222
E
OVPOSS 44.94 0 0 32.13 2291
T
OVPOSS:MB=1:8 62.10 13.8 7.00 10.3 6.89
E
OVPOSS@MB 63.70 11.9 7.80 10.3 6.30
"representing for theoretical value ; ‘representing for experimental value
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Fig.4 (a) Curing and (b) stress-strain curves of EPDM composite



Tab.3 Vulcanization parameters and crosslinking densities of EPDM composites

C e w o ow o G

/(min:s) /(min:s) /(AN -m) /(AN -m) /(AN -m - min™) J(mol- em?)

EPDM 1:48 18:07 0.48 7.11 0.72 1.0+0.018
MB/EPDM 1:50 16:35 0.42 5.12 0.58 0.55+0.037
OVPOSS@MB/EPDM 2:23 23:34 0.37 3.98 0.35 0.36+0.001
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Fig.5 (a) N1s XPS spectra of EPDM vulcanizate and it contact with (b)MB/EPDM composite and (¢) OVPOSS@MB/

EPDM composite at 120 °C for 6 d
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Fig.6 Changes of crosslinking density of EPDM composites before
and after aging
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Fig.7 Changes of elongation at break of EPDM composites before
and after aging
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Synthesis of a Sulfur-bearing Secondary Antioxidant with High Molecular
Weight and Its Antioxidation Behavior in EPDM

Qingkun Liu, Chuanbo Cong, Xiaoyu Meng, Qiong Zhou
(College of New Energy and Materials, China University of Petroleum-Beijing, Beijing 102249, China)

ABSTRACT: A novel high- molecular- weight sulfur- bearing secondary antioxidant, OVPOSS@MB, was
synthesized by thermal- initiated thiol- ene click reaction of 2- mercaptobenzimidazole (MB) with
octavinylsesquisiloxane (OVPOSS). The chemical structure of OVPOSS@MB was confirmed by Fourier
transform infrared spectroscopy and X-ray photoelectron spectroscopy, and the effects of OVPOSS@MB on the
vulcanization characteristics, tensile properties, and oxidation resistance of EPDM were investigated. The results
show that OVPOSS@MB slows down the vulcanization rate and reduces the degree of cross-linking of rubber,
which makes the OVPOSS@MB/EPDM composites exhibit lower rubber modulus and higher elongation at break.
In addition, compared with the low- molecular- weight antioxidant MB, the high- molecular- weight antioxidant
OVPOSS@MB has higher anti- migration properties, together with the free radical scavenging function of the
OVPOSS lattice, making OVPOSS@MB have more excellent antioxidation performance than MB.
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