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A crosslinked polysulfide-containing cycloaliphatic compound, useful as a crosslinker for filled sulfur-
vulcanizable elastomer compositions, is represented by the general formula: [(Cy Hog -)m G (-Cp Hop Sy
gem Jo [Co Hae -G? -Cq Hag Sy -1p [R]q wherein G! is a saturated, monocyclic aliphatic group of valence
n containing from 5 to 12 carbon atoms and optionally containing at least one halogen or a saturated
monocyclic silicone [RSiO-],, [Ry SiO-]; group of valence n; G? is a saturated, divalent cyclic aliphatic

group of valence 2 containing from 5 to 12 carbon atoms and optionally containing at least one halogen or
a saturated monocyclic silicone [RSiO-], [Ry SiO-]; group of valence n;; each R independently is a selected
from the group consisting of a hydrogen atom, monovalent hydrocarbon of up to 20 carbon atoms and a
halogen atom; each occurrence of subscripts a, b, ¢, d, m, n, 0, p, q, X and y independently is an integer
whereinais2to6;bis2to6;cis 1to6;dis 1to6; mis 1 or2;nis 3 to5; oisa positive integer, p is 0 or
a positive integer; q is a positive integer; r is an integer of from 0to 3; xis 1 to 10 and y is 1 to 10, with the

provisos that, (i) atleast onexis 2to 10; (i1) the ratio of p to o is less than 1 to 5; and q is equal to the

sum of unfilled valences of the (C4 Hyg -)m G! (-Cp Hap Sy -)n-m and C Hye -G2% -Cq Hag Sy - groups.

X (1)

(1)
[(CaH2a-)mG" (-CoH2uSx-JnmJol CcHae-G*-CaHaaSy-Jp[R]q
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. Crosslinked polysulfide-containing cycloaliphatic compound, process for its
preparation, filled sulfur-vulcanizable elastomer composition containing same and

articles fabricated therefrom
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[(CaH22-)mG'(-CoH2bSx-)n-mJo[ CcH2e-G2-CaH24Sy-1p[R ]
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A crosslinked polysulfide-containing cycloaliphatic compound, useful as a
crosslinker for filled sulfur-vulcanizable elastomer compositions, is

represented by the general formula:
[(CaH2a-)mG'(-CoH26Sx-)n-mJo[ CcH2c-G?-CsH2aSy-1p[R]q

wherein G! is a saturated, monocyclic aliphatic group of valence n containing from 5
to 12 carbon atoms and optionally containing at least one halogen or a saturated
monocyclic silicone [RSiO-]a[R2SiO-]r group of valence n; G? is a saturated, divalent
cyclic aliphatic group of valence 2 containing from 5 to 12 carbon atoms and
optionally containing at least one halogen or a saturated monocyclic silicone [RS10-]n
[R2SiO-]r group of valence n;; each R independently is a selected from the group
consisting of a hydrogen atom, monovalent hydrocarbon of up to 20 carbon atoms and
a halogen atom; each occurrence of subscripts a, b, ¢, d, m,n,0,p, g, xand y
independently is an integer wherein ais2to 6;bis2t0 6;cis1to6;dis 1 to 6; mis
1 or 2; nis 3 to 5; o is a positive integer, p is O or a positive integer; q is a positive
integer; r is an integer of from 0 to 3; x is 1 to 10 and y is 1 to 10, with the provisos
that,

(1) at least one x is 2 to 10;

(1) the ratio of p to o is less than 1 to 5; and

q is equal to the sum of unfilled valences of the (CaH2a-)mG!(-CoH2bSx-)n-m and

CcH3c-G2-C4H24Sy- groups.
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(1)
[(CaH2a-)mG" (-CoHapSx-Jn-mJo[ CHze-G-CaHaaSy Jp[R]q
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(ii) pH o ZLEBAR 1L 5 &
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BRBEAYERBELEHEERS ODAKREERRESYD
BERSE 115C - GREZHR  HHBEB (RREHFR
) » ERENHY SSTE OCZEEBR EERAFHA > R
rEBANIEABEBRE - BAKEHERS 160C &K 20703 & -
ABEHZERBREEALEYHVERRUL FEREMEAS
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 VEW - - FEKEHRBRESCOCHEABWRBEEER | T K
HHABRRBRERER 297 - AIRTEMAEMABLETI ASTM

K DIN A & o :
= MaE Rk ASTM D1646
= E ASTM D1646

i % 5F (MDR 2000) DIN 53 529

MEEH BXEH-

‘ EhHOhEREBEE DIN 53 504-R1
HEK AWBEE DIN 53 505
@ 28 DIN 53 512, ASTM D1054
DIN [ %% DIN 53 516
* 1. fFTEEEBBRBAEAESD
. L 1 B2 Lhi il 2 B3
phr phr phr phr
RABE 100 100 100 100
iR E 46 46 46 46
0T B 2.4 2.4 2.4 2.4
nEL 1 1 1 1
TR 2 2 2 2
S 3 3 3
i 1.2 1.2 2.6 2.6
TBBS 1.2 0.87 0.55 0.45
KEEF 1 2 ZEEE 4.08 1.36

XKIZhEBAEKYHNRSIZBEREBEAOT - REXBRE

( SMR-L) g 2 ( N-220) : ZnO : Z&K H ZincCorp.<Z

Kadox 720C

I B B # B Witco, Crompton Z
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Industrene R; TBBS : # B Uniroyal, Crompton Z Delac

NS i | 5k B Harwick v 2B & E Em 104 -

x 2 +*HEHEEBBHSYAAER

RBHESY) B By | thEfI | EEI2 | thEkpl2| B3
LLE g/em’ 1.097 1.099 1.095 1.096
MDR2000 52 160°C

RFFEI(BE{LAREE) - 10 Min. 2.99 2.05 3.27 2.8
i RS (R LR EE) - 95 Min. 6.16 6.72 8.03 8.38
ML dNm 2.66 2.74 2.46 2.57
MHF dNm 16.02 14.74 15.26 14.96
MHF-ML dNm 13.36 12.00 12.80 12.39
50% 1REL MPa 1.145 1.135 1.058 1.055
300% fEEL MPa 12.686 | 11.833 | 12.788 | 12417
R SJ MPa 24515 | 22.104 | 23.648 | 23.580
(R % 522 508 498 511
AKX ART KA 60.2 60.1 59.55 59.05
[E15E (% RT % 44.6 42.6 45.7 44.1
=158 70°C % 60.2 55.1 57.3 58.0
HSTE MJ/m’ 7.58 " 10.33 7.14 8.5
LTA RT Monsanto(Za5531T)

MEFAFET] Bath 30 30 30 30
EER(FED KC 68 78.9 95.5 106
EENRE % 14.3 9.9 4.6 8.7
Graves 100°C Jifli % N/mm 65.93 81.38 62.23 85.18

EihrEKBKEBEBESWE Graves
EHEHZEZEWER - #flm > EHRREBEKRKAEEH

M R%ESEA
1 8 & B A (L&

Bl 2) *HBREAEYWILER - B 3 £ Graves i i H %

FEAER3ITESELRR -
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AL LEPFIFBELRBHSYERER FEKE M
Y ELBRBHEHSCYHEPIESREMIEZERBEEH
Yo RPN BEEBET
" Bl 4

—WMTR3IFTHMACREEEEANLCYRESD S
ARAFEABHZIER PEE — 6 it & (disulfanyl) -
@ HEEFRALSWHAERS -ERAFT 103-LHH (1,690-

HAS ) EBEZ “B” BANBURY® ( Farrell Corp.) B

m

<t

op

BRI TETRES U_BSBRETRBIZERES - 8 —
S BERUMNGREELECBRBRSY - THES S
REBENEEH 2RAMAANK - BRBERAGUMER
P HHERS 30 - B SWEMERASEGT A
BE 30 - B LWEREBMEREAEFAGEERS 30
B HBRBROYNFENBNRATSNERSE R AE
@ =rEc30W - BEAEHREVELHEERS 15K B AR
BEEERMEYE 3 REFERSES 15 B - HE R
B (RESBBH) » ERENH 49CTF SSTZREH
FRRAN O RABEAAD EEBE -

EE_BESB P UBEBRLERSY - BE—ES 82
LEWBENERY 49CE SSCLBRERTRMAE L
Bk REFLELEARBGESBLYAR - EBEHE L
FREBERAGESANI A EEE -

o o &

i)
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* 3. BEHEEHREY

gH4

%) Phr
KRG 20

GBE 20
8- T HZE 60
wha 42
A 2
BHT 1
FALs¥ 4.0
LT 1
TEALE 1.5
SR 2.0
B E 2
i 1.0
wht 1.5
Bt 2
MBTS 1.0
MBT 0.2
TMTM 0.15
RKEEHI 1 ZZHE 2.5

X B3I PHEFRYNERIZIBBERELDT - B-T =
% 2B - kg B % R AN A (Goodyear Corporation) 2
Budene 1207 ; X K & B : ( SMR-L) : i B © % H
Bayer 2 Perbunan NT 2445: W H : &K H PPG Z HiSil
233 ; KR EEWE A " (Dow Corporation) & = Z Z & ;
BHT : sk H @ &K ( Asia Pacific) 2 T E ALK HE X ; ZnO:
& B ZincCorp.2Z Kadox 720C : T B B @ 2k H Witco.

Crompton 2 Industrene R; i : R EBE K B & & ( Witco
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Corporation) X Sunolite 240; FAH @+ KB REIhLE A
Z ( Rhein-Chemie) 2 Rhenofit 2555 S 8 & : K B R &
&g AFEZ Aflux 12 HE K - KEXEALEBERLAAZ
Phenosin N260; Fi @ R B H B ft 2 /A 5 2 Rhenogran S-
80 ; MBTS : kR B E 7 87 ( Flexsys) 2 Thiofide ; MBT
D K E E W W HF 2 Thiotax MBT : TMTM : X B R &5 1k &
/A @ Z Rhenogran TMTM : ® ft © K B E B & % # B (
- Momentive Performance Material) 2 Silquest A-1289 ¥
Bz o . ¢
REBHEFBAIZCAZTHRAHAERREBE M B N
RN EMERAEA TR EESREMAN - ERRAEE
FEFERTBREAE  LEEBABZHHNEEREHET

|
[l

U

i

SR EMNERERE -
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- "

= 098136178 5 Eﬂlmﬁ9ﬁléeﬁﬁ
%I
- PHEARLD e

. — BT BANBRXBSIRAECOWCERERLS

¥
(1
[(CaHaa-)mG' (-CoHauSx-damlol CcHae-G*-CyHaaS,-Jp[R]q

Hdh G'BEEHR sE 2EREFEEAEREEEDL — @

MEZ n BENEMERRERER «n BEXHNMERRY S

[RSiO-].[R:Si0-1, ¥ : G’ BHE&®K s F 12 @BHEF H &
EMaEEL—EBREL 2EOBEM _EREBEKREN n &
M ERRWE[RSIO-].[R28i0-]. & | R & H B I ¥ H
HEFRF  ®&Z2ZE 20 FEFCEERORREFMHE K
v BM: T a~brcrd-m>n~o0-p-q°x Rk yBEBX
HEBILIBSEH  Hf af 2E 608 2E 6: cB 1 E
6; dB 1 6:m£B 18 2:n8 3F 5; 0 BB p
B ONEREH g BEEH 't B 00X 3 Z2EH  xB 1
ZI0ORYEBE 1E 10 HAEARBGHE

(i) EA—@ xB 2E 10;

(ii) pH oEB/NNK LI 5 K

(iii) q % (CaH2a-)mG ' (-CoH258x-)n-m &
CcHyc-G?-CuyH 6Sy-H Z KRB K EWHRM -

2. MHAFHEMBEE | BRXBEIH LR
ek éw Hd G R GEEBIBBRK C 5t %
BRERE H£ERBEB=ESL-—ERK -

3. — EHFEHEMNEESE | BEeaZRtPWZEREEIRK

HNEYVHIBEBYCREY  HPED 50 EEFHIE
-1-
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2 098136178 % RE 103498 16 HET

MESYSEBRY  HIZSHRAYWEHEERE G' & G?
7 & & (equatorial) {if & -

4. MHEFHEINGEZE | BEoRTIBSIHM ALY LR
EEihe&Yw  Hb REBHEIHWEELS  R& -2/
ERCEZEFMEBKRCEME -

S. MEBEFHMGEE | BxRABSZSZMMAEY IR
ey EBSZL—HEHEBTIRMEKBFEHRAIKE

<HZC-——H2C O CHy——CH;—S, H
m n-m
0o

Hd mE&EHBILS 1 2> nHB 30MqRFEBILEEE
B ox REBIHMBR 2 F 6 CEFERERLIDAR

q

1~ 2 Kk 4.

H,C~—Ha\C \
H.C——H-.C, CH;—CH,—S¢"
m n-m I
o

q

EP mEEHBILE 1 X2 nH 3> 0fM qgFEBILBIEE
HEEBLZRASE 124 K

[((H2C-H,C)w-D3-(CH2CH2S4-)a-m)o[Hlq

Hf DFE/R RSIO-EL ' m BEHBILK 18 2°n /B 3> o0
MeoEZEBEBILIRERBRERB LI AREYR F L& £ -

6. —REHRMBUNFFENBEBE | BZEXHEF ZH
hYMeBREBRLEVREREGEY T E > HEE -

a) FHEEMRCE R EHE LB (thicacid) # H H
-2-
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J

% 098136178 5E RE 1039 A 16 HEE

XE B F#F &€ T R E N 8 # £ - 8 R % B B
( thiocarboxylate) -EL{ & %% & & #%

b) £ % - X B E (thiocarboxylate) -HfC & ke &
B 47 B2 K & 4w B ( deblocking agent) X & LI B I B % -
bR B2 -E B T & &R b

c) EEWFEHS-HE-EERRERKEREG DL TIER

ErR2EERILELEDHI R LE RKE :
. x's,x? 2

Ho X'B& BRHEBMMEF  X'8 X' - &XBFE 12 @
BEFZE R BUIMBEH K4t 28 1 E 10 BE
i EBELY  RE

DRREEHE SR RIERLEY -

I —EERARTELAEBESY  EAA

(i) B — 5 T A

(i) EH—@MEKMEER  BEBE - = & &k -

@ iz swemsm Bt BE PELEBRFERM
R

(i) AMEXROFEBRTE L AEE (i) 2%
BHMEY BORSEARESE | BrEXBSE 5 0L
mrBRERLED -

B, M AEBEAGES 7 HL S E KGR T E L E G
Ham HeHmTELHEMER () BEH—BRE 6 IE-
4 RERK-GRE  LALRENBZEZR/T %%
MBRE  ERERRANEBIEZRIT-HBRE - 3.4-%
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55 098136178 %% EE 1034 9 8 16 HEEE
RRX_BBE BER-B/TZBBEB - FZHB/Z2R &/
T_HR=Z2RYUBE  E-14-RTZHEEE  FZ2EERT
“HEBE BIBRERT_ERBRE  FILR/REXRZEHK

R A REAEBZCEZRKB/T KR/ REBE=ZRD B

B -T_RKR/ AEBELERYEBE AL REEIHZZRAR

20 F 28 EHAMLMBREEZBEZCFEFZHEEGENEZR/T Z

% (ESBR) REAFH 30 £ 45 BoWLZ#EEXZIEE E

# ESBR Al lEF M L & - PS
9. MEBFHMBEEE 7 BHRKEFTM T BE/LEMEE

HEw HOeENERERR (i) BEL -—EBEEZBHY K A
EHCHEABMMERBEEAZIRE ZEFXTAFRHAEE D —

MEEHNMITBELEER (i) EREEZERENY I

\\

=
10. e HEF@EEE 9 H KL EJF i A] B e 5E % E
HEeEw  HPpPZBERHRERR (1) BRERYVAOAZIES

1. MR EREEE O 2 A K B L e
ey Hbuwns BVELEOSHLY -

12, fe T M A E S 10 E 2 AW % R AT B b
BEAY EHERES -—BRWEALELCSHAY

13, MM HAEEE 7 H 2 SR K R AL
e HhERABWESHALVIBERALE D (i)
w6 R G AEBUSHEALK BORXNBERE £

EHEesESL—HBHEA -
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J

% 098136178 5 KRB 1034 9 F 16 HEIE

14, M FHEHNHEESE 7T EIREXHRTELAELEE
HEY HARBRXBESIHRAUCODIBERERERALEY (iii) B
VERBYCEESEY  HHBEDL SO0 EETLILEMNMEESD
BEMBY HIESHAEVWEMERE G R/ K G RE
FTRAE -

15. MpHFFEMNGEEE 7 HQERTR T BE L HEKE
miwcBELRAKE® (iii)

HEYW  HOTERBXES %
LEBERCEZE

[

%
o R E2EHIMWEEHREG KA
Fr f B 2 BE AR -
16. MMEAFHEFNBEZE 7 B RKEKXR T ELEMNESE
ey HbhameBRERKEY (i) BEL —-MHEET
S RE 2 BB

HzC_H2>7© CHZ—CHz—S‘. H
m n-m

Jo L Jq

Hf mEBEBIRB 1H 2  nHK 30 MqagFERBILBIEER
Hox EBRBIIBER 2 £ 6 CEBEREERELEZRNAR
1~ 2 Kk 4;

<H2C_HICL© CHy—CH,— Sy
m n-m

4 oL - q

H,C—H,C \

Hd mEEBILE 1 2°'nHB 3> 0fM qgFEBILE LR
BHEERLEZCRAB 124 K
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% 098136178 %% RE 103498 16 HIEE

[(HzC-HzC)m'DS'(CHZCHZS4')n-m]o[H]q

Heth DE/R RSIO-BE T " m ZFHBFIB 1 H 2°>n/ 3 o0
MR BB IBEFEBERERLEICNREYR T LRE -
17. —ERBEAMEAEY  HFABHEMACBHFBENHEESE
THZHEEWMmE -
18. MHEFHMBETEE 17T BZRELAEEY » HF
HRERKERWHE ®E - F > HEk BEXEE -

. o



