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2 o ojg] 7hel T8 Tk ASHREAE AFgsl] BUsHEY) o) WAnRe] Ashus
Al A3 AE, A3Es, 9thE B4 T WIE 123yl AgEEA 2= triallyl cyanurate
(TAC), ethylene glycol dimethacrylate (EDMA), methylene 1,4-diphenylene bismaleimide
(MDPBMD) 5& AMg-8t3ivh BslrzAe] 70 wg 233359 AseEy, rlus, B4&,
A&, end cure time, scorch time 5& &% 2EA3% Az AsnZA 9 nyddsr)e] AxA
sS40 met of3 e wede ngom, B3 MDPBMIS & 34 Br] #57le suws
4g A FNAT. olEi@ ATNeang AU T3 AEE dSse Alfrey and
Price (Q-¢) ol &9 HEAA 4Wake ol siralgion ojdl g 7hsa w78 AN
o 1phr #48lE AMG7IEAA AstnzA9] ZlawkgAde] o)z < HUdR 4L v
W $%& TAC 4 phr>EDMA 2 phr>MDPBMI 0.6 phr 4202 7asig o o] 7343

B HsT & Holx

ABSTRACT : Curing behaviors and mechanical properties of natural rubber by peroxide in the
presence of multifunctional vinyl coagents were investigated. Triallyl cyanurate (TAC), ethyl-
ene glycol dimethacrylate (EDMA) and methylene 1,4-diphenylene bismaleimide (MDPBMI)
were applied as curing coagents. From the results of curing rate, degree of cross-linking, elon-
gation, cure time, and scorch time, the reactivities of coagents were found to be significantly
changed with the electronic characteristics of coagents. The electron withdrawing feature of
MDPBMI has especially enhanced the cross-linking reactivity of rubber compounds. These
curing phenomena could be explained qualitatively by the adoption of Alfrey and Price (Q-¢)
concept referring to radical copolymerization, and the feasible curing mechanisms were sug-
gested. The concentrations of coagents giving a highest tensile property were reduced by the
reactivity increment in the order of TAC 4 phr>EDMA 2 phr>>MDPPBMI 0.6 phr in the
presence of 1 phr peroxide, where the cross-linking degrees of cured samples were almost
matched.

Keywords: peroxide curing, NR compounding, cross-linking coagent, monomer reactivity ratio.
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A 2. B AR A}8-3 A F= NR (natural rub-
ber SMR-20, cis-1,4-polyisoprene 95% ©]A})}
DCP (dicumyl peroxide, M,=270.37, &% 98%,
Aldrich Co.) Z8l: AgrRZFAZ TAC (triallyl
cyanurate, M, =249.27, <%= 97%, TCl), EDMA
(ethylene glycol dimethacrylate, M,=198.22, &
% 97%, TCI), MDPBMI (methylene 1,4-diphenyl-
ene bismaleimide, M,=358.36, =% 95%, Al
drich Co.)E A}&-3}¥ 2™ model reactiong 913+
N-phenylmaleimide ( N-PMI) & Ao AL&31Y
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Table 1. Compounding Ratios of NR Curing
System

ingredient recipe 1 recipe 2 recipe 3 recipe 4 recipe 5 recipe 6

NR 100 100 100 100 100 100
peroxide 1 1 1 1 1 1
coagent™® 0 0.5 1 2 4 8
(variable)

* TAC (triallyl cyanurate).
EDMA (ethylene glycol dimethacrylate).
MDPBMI (methylene 1,4-diphenylene bismaleimide).

sicl, fu EFd (£% 97%, Yakuri Co.)&
lecular seive® &g A|A% & AIL3GH.

Table 17} & Wlgz7A2Z internal mixerE
o] &-3}s] side drum temperature 40 °C, rpm 40
o7 5EZF £8% Fo AEZAE FUSIAL TE
b EY F patsEs R ohg 5% Efsl,
hot press (Carver laboratory press Model C.FRED
S. Carver Inc. US.A)E o]&3le 160 CA
300 psi & stdlA 108 A3 T gF FA-
3] Z71AA 1500 psi 4 ol A 2023t B3AA
o},

SM =X, A3E5A L rheometer (Monsanto.
100s) & o]&-3led 160 ‘ColM Z3ta, 125 CTllA
Mooney viscometer (Monsanto 1500)2 3% <3
& B

A7wE ASTM D31849) 70| iz} g4y
£ Zn ]'6]—3’_ Shimadzu Autograph AG-D
o] &3t crosshead
100 mm/min ZA 02 F4 35}

179 Nudes EFC %“HE AMg-apd 24 hro]
A 3238 BEA F EEE SR FHEA
£ Rheovibron (Toyo baldwin DDV 3-EA type)
o2 -80 C~+80C WA $2%E 3 C/min,
{E5F 11 Hz 2708 ZA8Ar).

A

’erm

Al

L

type <UAFAEINE speed

dn o0&

AetE xR o] Jtudsy. Adnre 7tankgy]
T7} HatalEe] B oM AAE e F
A 3] AATLT Al A2 pizs 4T
F o] A} Frize] AR A 9] vHgoR o
A 0|28 W2 A %S isoprene TR} Aspn
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Table 2. Q¢ Values of Monomers

2
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Table 3. Monomer Reactivity Ratios of

Comonomer Pairs

monomer Q e .
isoprene {NR) 1.99 -0.55 NR (r;) coagent () N X7y
TAC 0.14 241 NR/TAC 2.79 561x10* 154x10*
EDMA 0.76 0.17 NR/EDMA 1.76 0.33 0.595
MDPBMI 2.81 3.24 NR/MDPBMI 0.08 655x10% 5.24x107
Q : Resonance stability. 7., 7, was calculated from Alfrey and Price (¢-¢) scheme.
e . Polarity.
ZAIZ) F3F AT AR BEE £ 9 20
olg g 71y st mEA riHEd ﬁ;}y_z;ﬂg},] 2 a —
vhe-A8 Alfrey and Price (Q-¢) scheme® 2 2 -§ 7 d
w3 X~ o) 8,9 :; et /-/
3% 4 Urh® Alfrey and Price (Q-e) scheme 210 % P L MDPEMI L
BAA SJEA 7} DA ] WA B E e e b:P 0.5+ MDPBMI 4
et FERAL) Fejot AhHA vhgye B b lTACh
2+ Utk 4 dFAd F Q-e 32 Table 29} e:P(peroxide) 1
2t} 20 25

7} monomer? HHEAl H] g, p, S TR A

(LHozRe 3§ A= Table 37 2t}

n=1/Q: exp(—e (e—e))
7’1:/?11//312 (1)

=@/ Q1 exp(—e;(e,— @)

= kzz/km

Table 394 Zt monomer &34 <] =HS- =
3H NR/TAC E=AdME ne 83 &
ZHed] Wkl 71 09 HIstng NRAM
gzl TAC H)dr|& FAE] 7 WS
o}
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al
A TACE Al zA 249 ¥eAdo] A ¢l
T @) whdd] NR/MDPBMI Z 84 o)A]
T 7, 7t BF 00 sl glemg o|F wisk
Aol ot A ME A= olalg 2AAAE
4] AWAHE glt]Ze] MDPBMIZ 44 27
sle] By1E 4 9lvim weEtl. NR/EDMA ii}
S = nol $AIE AY FEIEEL Holp
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th &, WAl dAFel a9 BAE $ Yo
il Aol AFETE dFe] AEFE v dAs
k| WSS Bt adFo)gla o

Jﬂ‘oi',ﬂlloiil

ﬁio?:%‘-

Ea A21d A3% 19974 5¢

Time (min)
Figure 1. Rheometer curing curves of NR with
peroxide and various coagents.

A 4= 9t} o]#l3 AFH= rheometerd] 2§ 7}
WHEEE AT (Fig 13 F&dgd o 7taAd
e

= (Fig. 3)9] vla ZAxe} & AX3a 9o} Fig. 1
9|4 peroxide 1 phr, MDPBMI 1 phr (curve a)&
Y LFEFES HF torquert B H g9 T
AR EAE TR DFEFEY torquert) EiL
w2 Jtus&EeE HoFm, I peroxide 0.5 phr,
MDPBMI 4 phr¢] curve bol|A RH #3824 9]
ol Zrshd 7adyel ZE %7 torquert W
oAU AL FtstEe] HrldE BEFEL rtuss
23134 S7HSAL, AsE 1 phr D53 v ws)
H 5 JlAEE Ro|i vk HF slaxs
a8l 27)5Es Ble] glovt FeuzAl) w
g4 e AEE] 2 Aol g wolxL Atk
H3juteo| 7. Hbstd) o9 Aol Ashu
TIE L HAsEe] Bz AAd el s
JE-2} F49 3 hydrogen abstraction®} 1=}
gozzie] A2 WE SAuytge s APs oz
AE3 ool 2w, Bscission T B7bEA whs
o] & ket (Fig. 2). 23 ¥he-A Asiex
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Peroxide only
Peroxide -—— 2R-

R-‘—\/\/—’\‘/\/

PN coupling |

disproportion

B -scission ~ . e

Peroxide with effective Coagent

Peroxide — 2R -

R«+H-P—P - +RH

P +MZL p_M. : by electronic attraction and stabilization

P—M - +M —— No reaction

P-M. +P - L P_M—P: by electronic atiraction

P—M: +P—M - — No or Slow : by electronic steric repulsion
M : Coagent P : Polymer

Figure 2. Radical curing mechanism of NR with or
without coagent.
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Table 4. Relationship between Swelling Ratio and
Cross-Linking Density in NR-Toluene System

Q A 1/M,
5.5 0.154 0.000087
5 0.167 0.000104
45 0.182 0.000126
4 0.2 0.000156

Swelling ratio: @, volum faction of rubber; v,, and 1/M, were
caculated by eq. (2) and eq. (3) using p,;0.92, x;0.393!! V°
106.39 cc/mole (toluene).

Flory swelling equationd] W& 2] (3) H{=2
e Aoh " o] BEE-rtud= #AE
Table 49} #t}.

1 In(l1—v,)+v,+xv2
FtnEE p=— = — T r 9 2
}’-U—E v MC ,O,Vl(v,l”—v,) ( )
1
U= 1y
v AE 1g9 farta 25
M, : 7} 7} HgE=E
J A =1

Vy:8d 2%

(3)

Wy : 271 NE FA
Wi & F A8 A
o5 &1 2=

BB ZA HA7lamE AHEY deAo] e
TACE ¥hg717t 3AddlE E3ta siaol g
71 E7t W Wi HrtsEe ol FUBlE o

AslEzA Y vsld Ay 4G vxe
ko] FHx|ut EDMA¢} £3) MDPBMIE= ule-A]
Fol 7haghgel] FA rlstez JEgy BAd
A& ko] =tk Fig. 39 AslEzA) o] u}
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Figure 3. Swelling ratios as on various coagents and
contents with peroxide 1 phr.
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Figure 4. Tensile strength as on various coagents and
contents with peroxide 1 phr.
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Figure 5. Elongation ratios as on various coagents
and contents with peroxide 1 phr.
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