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Abstract: Poly(ethylene-co-vinyl acetate) compounds and vulcanizates containing dicumyl peroxide (DCP) (HD) were pre-
pared, and the curing agent and reaction products were analyzed using gas chromatography/mass spectrometry (GC/MS).
Samples containing trially cyanurate (TAC) and DCP (HDT) were also prepared and analyzed. Some raw DCP were decom-
posed in the injector region of GC to produce acetophenone. DCP was detected in the HD compound but was not observed
in the HD vulcanizate, and instead acetophenone and 2-phenyl-2-propanol were detected. Both DCP and TAC were
observed in the HDT compound but not in the HDT vulcanizate, where acetophenone and 2-phenyl-2-propanol were
detected. Thus, some of the DCP decomposed during the compounding process. The formation mechanism for acetophe-
none and 2-phenyl-2-propanol during the crosslinking reaction was identified, and differences in the crosslinking reactions

of HD and HDT compounds were discussed.
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Introduction

Poly(ethylene-co-vinyl acetate) (EVA)= of|@d a1} H]d of
AElOIE(VA)S BEEACIT EVAS] Zhamt akerE
(peroxide), M2} W], Agk 3}FHE 52 0]&5to] o]FoR=
o, Shatske Azt 4 del kg Ea glek Ao A
235t= ISR+ dicumyl peroxide (DCP), perbutyl
peroxide, dibenzyl peroxide, 2,5-bis(ferz-butylperoxyl)-2,5-
dimethylhexane 5-°| )29, o] & DCP7} EVA 7}1Lo) 2
AREEITH 7k A o] 9]of F7FA (curing coagent)S FHA
g 5to] S-S PN F2 ARSI BAFRAL ially
cyanurate (TAC)o]H, 21 9]o] trimethylolpropane triacrylate
(TMPTA), trimethylolpropane trimethacrylate (TMPTMA),
triallyl isocyanurate (TAIC) S-0] §lch.510

DCPo]| 9|3t EVAS] 7tu #74-& DCPO] Haj2 AHAdH
cumyl oxide tt]Zro] EVA A& A =4E w|sto} EVA 2
Oz-& 4ot 202 AZEck(Scheme 1)." EVA AH&9]
ofddl Teit VA ©jollA] glrjZo] RS0l 4= Qi o]
o, o2&l Telol BAEE 2709 EVA gtrZo| Ztu A
BT 4 1o, VA ©9jo] A4E EVA 2tz 2707) 9t
U 7t a2 @ 7HsA8 = vk ek ol et o2 dl Thelell
A8t 2z VA ©9jo] EXet= gl Zo] vt 7k
2go] o]Fojd £ ot
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DCPE Scheme 29} Zo] 2af5jo] 2hrizg BATICH" of
S ze o e7)7} HolAwA AEjdo] Uolut opHE T
(acetophenone)S AT T2 Fle] ~AE 25l 23]
g-2-Z 2 F-&(2-phenyl-2-propanol)e] FAE 4 At} Loan
& IR B9 L o]g5}e] DCPe| Ha) AAER oM ET =
B 23 2T RRes BAGACGD o ENEL 1730
em™, 2-Hd-2-Z 222 3520 cm o A] IR §45 YErA
t}. Miejnek® DCP7} Z3hel Eejo|2alS GCE AFg3to]
£2451%lom, DCPO] £3 Y E= He, oA Ed =, 2-7)
domapge] AZHYLS B

TACS} 22 7t A S ARSI 7kl S0 FAHt"”
m BT WEE AR shaold FAhRAE 7Hne)
2 720l GFE F 5 Uk AL HE B FARAS

o

FHOZ Aug FHT 4 gk FluAS Bt a
2 S g Aol PR £33
[e)

AlZbo]l G =L, 2
APeHE9) G&0] woHA AL, 84, =S =Tt St
g

2 Aol A= EVAY viekE 3 7k Eo A Zha A 9F 21 |t
S AEES BASHAH B4 205 R e R 7k v
At om TACY 93t ¥hg= ARbstgnh 7tnA = &
glo} Ak(stearic acid), At8lotd, DCPeF TACE ARME-SITE
ofwf TACY ftol wtE u|@E $I3te] DCPRL AMEE
EVA®} DCP2} TACE 3| AHE-3F EVAY] vitEd} 7t &

Zujslgon, guia 25 97|BS 2&351e] GC/MSE
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Scheme 1. Crosslink formation between (a) ethylene units, (b) VA units, and (c) ethylene and VA units of EVA by DCP.
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Scheme 2. Formation mechanism of acetophenone and 2-phenyl-2-propanol from DCP.

Experimental 3t v = (HDT)= Al =sto] @3t 7hA| &2 DCP
0.6 phr, TAC 0.5 phr, 2~H|o}HAL 1.0 phr, AFslotdd 5.0 phr

EVAL 331A|n| 4 9] EVA 1317 (VA 22 wi%)S A8t olth
th. DCPREE AR8-3F HijH&(HD) DCPe} TACE B AR EVA HigHEd 7hEold #7l1ee &3] A
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Agilent AF2] 2 mL crimp vial 0|83} th. &89 += Merck
AF] obA| E (acetone)E AME-SFATE. 50 mg®] AIHHE | mm
o]5}9) 37]§ Zhet vialo]] Y2 £ opAlE 1.0 mLE F7}38}
At 1 & crimpers AFE31Y] viald}t cap AAA| R &
Bl vial2 b7 220 ol 50°Co|A 4 A7 ¢t &
ShTh SRoA 7 AR Lo R A7 F BeES 7
23 GOMS 24< AWstAT).

ZEE BXL Agilent AF2] 5973 MS7} AH2HE Agilent A}
9] 6890 GCE °o]-&3stict. ZH-2 DB-SMS(Z ] 30 m, W7
0.25 mm, & F7 0.25 mm, Agilent Technology Inc.)& A}
L3l FYUF 2= 250C, E8H]E= 1 15 o] o|F
A} 71A1= &E(3.0 mL/min)y& AFE-3IRTH AE 282 70°C

o A} 3E7F RAIBEAL 1 10°Ce] S22 300°C7H] &3 F
457 gAete Aow maadwsiyct. Mz o]Lst
(electron ionization)yS ©|&3}e] EAES o|23p31% o
MS source 2E+= 230°CZ2 AAsFH T

Results and Discussion

Figure 1= 2| & DCP, TAC, 2H|otd AR obA|Eof| 83
A7 EgAe Bl 9L GOMS ZzupEgold
TAC, DCP, Ag|o}HArS Z+ZE 1459 B, 1473 B, 1828 &
oA HEE AT 16.39 &l Uehd A2 A= AFopdAt

o] 3% Tu|EXH(palmitic acid)e]|th. YA =7 o] jof 4.23 &
o N2& 327} vhefteh. of 710) g Wek 2UERS
Figure 20 UElglom, o]z otNEdi=o 2 FQIx|gict.
O E =2 DCPE] £3fjo] o) A4 A 2= (Scheme 2),
GC9 A& FYH 27} 250°CE DCP9 3l &% (160°C
ofa)mc} ol WAIE Zolt. DCPE AHo.2 Belys)
7] W&ol GCE o|-&sto] FFEAlste AL ZdstAT 4
3 DCPE 2ol57) 9ok 222 4 2olA GOMSE ol
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Figure 1. GC/MS chromatogram of mixture of raw DCP, TAC, and
stearic acid.
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Figure 2. Mass spectrum of the peak at 4.23 min of the GC/MS

chromatogram of Figure 1. This is assigned to acetophenone.

stol wgkg I{F DCPE BAEAsh= A2 7hssith
Scheme 2¢] HA}SE Hiel Zro] DCPL] E3jjof o3 A
cumyl oxide 2ttjZof s BAE = U BHEL M=
H=d 2-9d-2-Z2g-golrt. s, Y= DCPE GC/
MSE BA3 23, 120 A7 FURE BBt e
DCP7} 23 EFol= E748tal 2-9d-2- 2222 4&
HA G ole 2-¥d-2-Z2HZ0] BAEHT] A=
cumyl oxide ZjtjZto] ThE BEAZRE $4E FJHE= 5
A F3HE-S-(hydrogen abstraction reaction)©] o] o] % of 5}
Tk GC/MSQ A& FYRL 27} o} B & 33lEo0| 7]
A AR 2AFE 2 $AE FFEE S QL FF3 TF
ol 7170l QA 7] W2l 2-9d-2-Z2hZo] A=A
0}_0_ 7-] o7 ;H&]fﬂ- 2 oh;].

HD wjgtEy 7l 5o &5 digt GC/MS ZZ2rtE

-8 Figure 39 YEFHTH HD vjg-Eo] A= DCP, TH|EAL,
ZE|oFlAt, 2|3 oM B o] AEH A ¥R = DCPE
245t d2 oM EH=/DCPE T WA HE 2.80
(Figure 1)0]3 HD #igh=ol|l A 9] ¥4 H|= 3.95 (Figure 3)=,
HighE ol A 9] otNEH|=/DCPY| 5-¢-2] WA 8|7} § At
ol HAEH ‘MEH = T dF= GC AR FYFAA &

afste] AA4E Aol ohuiet uiE F DCP7L Hafstel WA
Aoleks ZAolth. wet, YRIE DCPo} WigHE el 348

24 A3} 3 o Es)i/DCPY] ¥-9-2) WA ulE vlwstu
HiE % H3lE DCPe] GF2 olL A= AWT 4 U Ao
2 o] A%tk EVA W BS A= o), w3k L=& DCP7}
BahEx) e HES] LES GASAY FEH O nhake
I = 450l sl & slenz WY 3 4R DO 8
sslo] opiEs o] YHH Ao 2 4 grk

HD 7h gl 4 DCP, %ﬂlE& Aejolalie AZER
gron] o Edi=T} Bl A7 468 Holl ThE A2
HZol B2t o] =] the AF 2AHELS Figure
4] U glom, o)t 23 D2 Ee g Selggick. 7}
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Figure 3. Chromatograms of (a) the HD compound and (b) the HD vulcanizate.
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Figure 4. Mass spectrum of the peak at 4.68 min of the GC/MS

chromatogram of Figure 3. This is assigned to 2-phenyl-2-

propanol.

Ao A AHotdA Tu|EAbe] HEER] oF> A it
I 7ha I 2 o5 X|upAlF) Alslotedo] ub-SEte] B84
ol x| HFALT o] FAE Q7] R 2 45 4= glck. HD 7}
FE A DCP7} AEE A kit AL 7hw ¥k 3 DCP
= 25 —v—OHQ%‘«EP— A& 9ujstH, HD 7tagolA F&
5 ol E =2 GC A& FY ol A BajE Aol ofg} 7}
o ghgof o3 AAAE AYS ou]gtct. Scheme 29t Zro] &
3 cumyl oxide )L A HE 77t o] X HA RujLo)
o} otN Ef| =g FATTE"? T8 cumyl oxide 2HT] o]
EVA A&9] 45 Fsle] 2-9Hd-2-Z 2320 FAHT].
wh2bx] HD 7t Eof A 9] 2-8d-2- 2 2359 HE2 cumyl
oxide ZH| 29| EVAR T E 9] a3 3HEg-o] dofjid ZE 9

ek

ol AE SRR Ge 29d2-mango] luE
AMT AEEYHE AL Fuj2& Aolt ¢4 Y)&eq
o] GOMSE] A& 178 AUwA 47 DCP7t a5t
o] opM|Ei=o] AHE G or] wigh Fol= UR DCP7L 2
ajjo] opMEBizo] FE Ak SAE, 29 2- T2
2 Y48 DCPE GC/MSZE £4319S wiu} vigEoA =
WAL gsten, 7t g At A&E. e F9
7hiL 3A ) Aol Lot 4 AR 7he] Watmolrh vl
Aol vla) 7k FHe) LEsF BN 1 T4 AR 7o)
Wee G4 et webd, cumyl oxide 2hriZol £}
A Ao ola) obAl R0l A EE IRt 543
kgl 2jaf 2w d-2-2zggo] FAEE Ho] o]
7t Badtn 74 el & o 7ol Aok 7hs st

£ AL & 4 Atk GOMSY] AR FRE EE7} o}
2-9d2-Zewge] g0 fAT 4 AAT, $48 TF
3 & AAE T W 7o) ul$ sjutsto] 22} )
A o] elgt ofxE =] ARt o] Fof e},

Figure 5= HDT 8323} 71789 GC/MS A ZutE 13
o|t}. HDT HjgtEol| A= DCP, TAC, Zu]EAL, AE|ol2At,
7283 o B o] AEE . HD WL nhriA 2
HDT Hj3HE9] obHEH|=/DCPY] B-9-2] W3 HlE 3.00
(Figure 5)0.2 ) 2o] vla)A] ATk, HD vjgtEo] 4 2]
) ujmct 2o} ol wjg 34 % DCP7} Raj=lof A4
cumyl oxide 2}t Z-0] TACS} ¥Hg5ko] ofA = 3i=2] A40]
ZolE oz T 5 Ytk
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Figure 5. Chromatograms of (a) the HDT compound and (b) the HDT vulcanizate.
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Sth. HDT 7kl Eof| A TACT HEE A <= ©|-f—+= Schemes
33} 49} o] TACT} 7k 3 F A%t etojzdat w35t
= ZAo= A 4= ot DCP| Eaofl &3 4/3H cumyl
oxide 2t Z-2 TACY] Tt BhA-gha o] FZ 3 (~C=C~)t
A kg8t TAC =ttZo] 34 Hth(Scheme 3). o] TAC
ZojZ-& EVA o)zt §E3-5te] EVA Alsdt 23S o= 9
ot o] IAo] wHEE|H DCPY &afjo s 44
cumyl oxide 2}t]ZFe TACS} HH-2-5lo] EVA AREY 7tz
o] FAET 2 TAC gir|Zo| EVA AgolA =48 3
sto] Thes| TACS] Ut o|F Avto] 23}E|= §h3o] Yol
g % Qth E3L, cumyl oxide 2|7 53 HRg-Sho] P4
H EVA gitjZbo] TACY] Ut o|F Zg - vh-g-3stof TAC =
tjZto] YA E = A% 7H538lcH(Scheme 4). wWhEhA TACS] &
o BA-ga o] A oAy A v ¢ jleug
7t B o= Ao RE TACZ} ¥Hg-3lo] EVA A&l 2
o] glens 2EEE Aol AY & Aolth HD 7t
£ HDT 7t Eof| A oMM Ed=/2-Hd -2- T2 Th-E 0] B¢
2] W3 "= 217 0.649F 0.602.2 HD 7FaEoA ot =
o} ol= v F A E oM EH =9 ko] HD vih=oll
A o E7] gEd Aol Fa3t olf & 4 itk

Conclusions

GC/MSZ 9142 DCPE £43 A, DCP AR 2 425
£ 7o) 93 A% DCPL AR FYRA Lafzlo] opiE
Moz AEEQo 29 d 2R we e PEEA %
o}, WiRFE ) A = DCPe} ob =g AZE gl ot 23
2E2HSE AEEA P 29 L2- TR L 02X
Bl ut A&t 29 d-2- 22 2L cumyl oxide
ghtjzo] AT YA AHEE Folng v ¢
o 4 A Z o] Gofokut Aol 753t} GOMS A2 5
QRL T 2olojA] groh B4 Bo] mE /)R Agolnz 4
AHFUo] Dojupy] Zaksieh. g BAS Lwst ack
A ) gpob DCPE] H3l7h 2 Aojubx] ghxIek U DCP
7t Bafeo] WA P EA=S AR ELE, dFo] ° B A
EERPE EEELE TR R T EEREEE
i BRANE GFE Aejolng B} 7k A7t 7t
cumyl oxide 2tT]2e] 423 3hekge] A dofd & glof
A 2-9d-2-m2 gk go] AHE 4 glek. TACK 7ha 34 5
cumyl oxide kel Zo]ut EVA eht) 2t ¥h-g-3to] Zham oA
£ F2H4 g
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