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Possible Use of Calcium Methacrylate as Co-agent in

Natural Rubber Vulcanizates in Peroxide Cure System

Puchong Thaptong’®* Uthai Tepsuwan'? Chakrit Sirisinha®®

and Pongdhorn Sae-oui'?

ABSTRACT

Possibility of using calcium methacrylate, obtained from the reaction between
calcium oxide (CaO) and methacrylic acid (MAA), as a co-agent for peroxide cure in natural
rubber (NR) was investigated. Cure activation efficiency of calcium methacrylate was compared
with CaO and MAA. Properties of peroxide-cure NR obtained from the addition of these
chemicals were also determined. The results reveal that MAA retards peroxide vulcanization
reaction as it not only lowers cure rate, but also reduces state of cure resulting in impaired
mechanical properties of the vulcanizate. On the contrary, CaO could activate vulcanization
reaction giving the vulcanizate with greater state of cure and better mechanical properties.
Results from FTIR reveal that, in the presence of CaO, crosslinks could take place only through
covalent bonds. When MAA was added together with CaO, the two chemicals could chemically
react and form calcium methacrylate which has greater cure activation efficiency than CaO.
Consequently, the addition of MAA together with CaO gives fastest cure rate and highest state
of cure. In addition, results from FTIR disclose that the addition of MAA together with CaO
gives combined crosslink systems, i.e., a combination of covalent and ionic bonds. The vulcanizate

obtained therefore possesses the best mechanical properties.

Keywords: natural rubber, calcium methacrylate, co-agent, peroxide, ionic crosslink
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1nsgguImitionlslugn wnssnen ldun edlaeslasian (zinc diacrylate, ZDA) uaz
Badlamlasian (zinc dimethacrylate, ZDMA) wsihnalnmamauves 1snseduimnasdls
iWuimdlafiuediedany winams@numuhmsiinguvesssauanumnuinvesmsisenlely
dd’é a 4 1 6‘5 a d' a . . . o g-l/
AsaMAMIAN 13nszdunaliifannmasenleduuylessiin (ionic crosslink) ety
MIEN 13n38AUIIM (13U ZDA) aliszuunasgdameseanlsdie wnarhlmiAamaisenle
wuW wAeimausElanans (C-C) waziusslessdin (0-Zn-0) Wil e Inuse 0-Zn-O
= A ' V@ v & AV v A va A o .
fanuenuazanudangu andniuse C-C AuienagUnldied sifidawada (dynamic
L aZ
properties) AYU [1]
2 14 Y 1 A 1 Y A A A & o g k% a = a
matdenld 13nszdunnmzie inamawenlssuuulesetinuuiniudedinnsanaastia
YOWNMY 15U WiueNIImvendanegluliana mavenleauvuleseiin wsninauuld
1 a 1 2 " & 1 o o ! ] 1 aa ]
demadnlans 1By Zn adldohmy [2-3] wd "wSueean bifivyasvensanedluluana
A a a X v 1 A a a ' o/ a .
msonlesuvulessiinezifndulandelielimsifn 15n uszwinlanzAunsaezlasaa (acrylic
acid) [4] visonsawumlasda (methacrylic acid) [5-6] wennnil §alimsNenuNMIIANNIA
a d‘d =y J I o A 1 a‘ o/ an .
mmlasdaaaldIuensninlusaaiBonaivemmiu 13@ndn BsFI81HANBUAIATN (interface
interaction) seWINENNAL 13NENIGBAGIY [7]
waaiBenenlssd (calcium oxide, CaO) Hewldidu 13gaanudulundanamieninaa
Wlagldgluedanion (hot air tunnel) Wiveindenaen (molten salt bath) eilesfiuliliifa
Wesmeavuluilosswazagy TnsuaaBaneenlsdesijisenfvanusulunuiaiuaaBeon
lansonlsd (Ca(OH),) Badianw Ausdoanniou ann (WUszinal 350 sadusaide ) fa w3
[8-9]

CaO (s) + H,0 (D) Ca(OH),, (aq)

Twadded  whiiagd@nmanuidulyldalunslduaadonmmlasiaadaussonldnn
UjAserszninuaaBoneonlsduaznsnmmlasdannuily waszduinlugnsssumnanasglds
ssuumeioanlsd lasmaiuaaiBanmmlasanziioliulp wifidanaveasali wuld



172 SWU Sci. J. Vol. 27 No. 1 (2011)

G4 Ay
ginsaluazasmsnaaey
79
a o/ dy ¥ a a a o/ d‘ o/ o/ d o o
mdeiilfensssum@inia STR 5L wanlasuismgmeusuweslnidn * nia na
I lasaa (methacrylic acid, MAA) 21AUSEN WA NAa uAalFeNeonlsd (Rhenogran
Ca0-80) NNUIENITBY 1af M1Aa nag ladifiaweseenlsd (DCP, 99%) nnusHnasuassaall
ABA BUA NAA
MINTIUUALNA DY NUAVIIYWADUNIA
d' dd’ o/ o/ ¥ o = =
MINT 1 1 a9 gaman edinlFlundde ndwnmsesn a3 laandiumsn uiad
e1lnglH1ATean w3zuUTa (Brabender 350E) dagaimgiisnsuveariodn wimiy 60°C anwigd
soulumsvyuvedlsiwes Ay 40 seudewil Wil NEWINIMNITUABINEIINSIA IFTN]Y
wsean wiiluszezne 2 it wdTudn Ca0 (ilu 03) mwaduazimn sdeludniiu
szuza 2 wiineunazmadn MAA (é11lu @3) 1w DCP azgnisinluniil 6 udin wsie
2 ) A o 3 A ¥ o = v LY A =
8n 3 wiineuizthenaennndesnnniaiesn nudnhhfialdmiduuriudiensastauuy 2
2 9/ =2 i P 1% <) 1 1 o o 1 A A
gnnae e edeutseneeunmain wldeenitlu 3w uusmhlyiasanuniiaguiia
WAIgIU ISO R289 MYIATD Mooney viscometer (ViscTech+) ﬁqmwnﬁ 100°C " 2 1l
An¥anyuzmInegUdIeLaTes Moving Die Rheometer (MDR TechPRO MD+) Ngauvigil 160°C
MuUINATTIU IS0 6502 mstiufind1usadam @ (minimum torque, ML) uagAusda 4 0
(maximum torque, MH) fildanmsnasgdie nitiiesnnnadnvesdmusiiadingn (MH-ML)
wsathl1Flumsisssedvreimsasginiessivanumnuivvesmagenled [10-11] uaz
i 3 hldangd “wiune ey wiifiehe) vesenasgdeld

d' = d
M519N 1 JATNIN HIANTDIYNADNNIIN

1531 (phr*)

"ilsgneu
Control MAA CaO MAA+CaO
8195331 MA (STR 5L) 100 100 100 100
asammlasan (MAA) - 5 - 5
uAaLEyNeDA lHA (Rhenogran Ca0-80) - - 5 5
laffameseonlsd (DCP) 1 1 1 1

MINBING: *parts per hundred of rubber ( uluniisios MveI819)
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. . gj dy 1 d' a A ' 491

lubrication) MIUNTIZ MAA "WAANIAANN 131301UMIALAIBILUNIBONINNAINBYN
wagimihiniy 1sudeduszrivilesnuaziuivedlsmeiluszrinmme ey twarhlianu
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“ - O T T %
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9

=

Control

1 MAA+CaO

30

70

3500 3000 2500 2000 1500 1000

Wave number (cm)

sUit 3 FTIR  wandy

= wa A
A3NN 3 ummﬂaﬁummamgﬂ

AIAHNUNMU ANANUNMU 100%

o . L L . ANUBY
719819 faM5ANVIA AONTIAY uaQa
(Shore A)
(N/mm) (MPa) (MPa)
Control 40.5 + 0.9 84 + 0.9 0.52 + 0.01 324 £ 0.2
MAA 224 +04 2.9 £ 0.3 0.44 + 0.01 30.1 £ 0.3
CaO 46.6 = 2.7 9.5 £ 0.6 0.62 + 0.01 36.6 £ 0.3

MAA+CaO 515+ 1.9 124 + 1.0 0.74 £ 0.00 38.9 £ 0.2
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ulAena (Mechanical properties)

MINT 3 1 ANNNUMUABNIANIG  NUALIIE uazaNNuTIvenIaagl
NANTNNUT WNIAFTEMAUVAMANNNUMUABMIRNNA MANNNIMUABUTIA A1 100% HO9T
azMANNUTIYBILNIARIN MAA+Ca0 > CaO > Control > MAA Mailmsifis MAA $3ufiy CaO

analienagUnlad wifiBenadn amnzuaaiBonmmlasaniifennmailjisessnin
Ca0 Ay MAA wnsamwhimily saszduinldguderfuddmmlasian wwarmlies
dy v o . d d o d da X o oa
aagUinl@fiszduanumnuinvesmaenles i a wennniliuszmswenlesiifavnduiamy
o/ A AY o s o/ a 2 o A Aa X Y 2 [J 14 =
Wussuuun NAeRnwiusslaauduasiiuszleseiin Faiuszlosslinnifavunnngiem Vel
=y 1 = A A 1 4‘43 1 a =) 1 = gj 1 o Y
ANudanguuazi wfBnade NATN UM MAA ifissegiufiadliiu waml
va A J (% 1 < & X < = £ 1 aan o 4
NOFIBINade doaaegmInT nillelumng MAA fignsminUjaseiasgy ildes
AY v o 1 A s A 1 a = 1 a2 [~}
asgUnlaiszduanurmnuinyeamamenlosni @ umain CaO iiiesogafedn wwalu
Bannde widiBenane vesenmeosuiu uinazdshifundlaiuedndanuinalamanau
993 Ca0 Tszuumaasgidameivenlsd udnammaasdlugi 1 A adiiudimsdis Cao
adlog e liesiisnniiuazssauvesmsasgy 9y

OH

(n) (v)

3U 4 Tass Huedives (n) nsnwmlasda (MAA) uaz (v) naaiBanmmlasian

ams1 sganmasnangargil 100°C ifluszaznm 22 $luen asdsgUi 5 1iean
g A v A U = E v o/ o ) ' A o
HummauAnan wiins sglansvessvueglasnsafiuszdiuanudangy (Wieszauanumn

1 A 14 é’d ' A a =) i a2 5] v A 1A

wnYeIMIFenle) Maivgl Janueiniin MAA iisednfedil uiams szlansugn o
(Harma“pzlans i a) luvasionniimaidn MAA iy CaO #§ wliamst”e30a113am 0
@eams “sglansni g) iWumhwanlsinuheniifn CaO iissedaidanduiisimst o)
aNMIHAINA AN ATBNAAN (control) M99 NHTEHUANMMNUUNYEINIIFBENTB 9011 ~ah
a é’ o 1 13 o 1 =y . . d'
AavudInanMaINduHaNNMITINAUIEHIN (1) HaYeIN3139919 (dilution effect) 11BN
CaO fianaziiuvesudadaiianudandgu wednadlusezfiumsan “a uileenliiosas
(2) HAYDIDATUFTIVOIMIIAA “marching” FudeRinsannamanuFuvesnnlugiszaznann

25 §9 40 Wil (U 1) wuhowiifin CaO 1ivaedaRe1zion5159989M31AA “marching”



178 SWU Sci. J. Vol. 27 No. 1 (2011)

AN _assuauau (control) 1dntios mMafieniisnmiTinesnaiAn “marching” _snhdsndn
‘naliluvagiisngnnavazihmane oy o gamgdl 100°C Whiszozia 22 §alueihy oaild
Ca0 aziRamsasgideiiioniofizondr “post curing” Tudanidait anh lisuna euiRams
augn gunaanldiesniimdnnameusinaeen

30

(%)

20

a3INA

Jansu

v

10

=
N3l 83

Control MAA CaO MAA+CaO

31U 5 Mt ezlanimdana

siUnamsnaaey
MIIAN MAA 1N899811A8IM319E IHaRAAD NITAIUATZUIUMITHAAYDIOINTIE
o v [ A ' 1 a < o v a
Mlindanulumsn NuagaNNrinvedsABNNMAaAad uAMIIAN MAA A aramlvenaia
myaaglldfnaziiszdunmsasglim Fomdenasnldll aifiBanafiugas umadin CaO
=) 1 = V1 1 o v A a v 1 < o ¥
egegfderalludineg 9wamlyd aif lunTZIUMIHANYIABEad Ud CaO A aWam iy
gruAamsasglldimnaziszauanumnuiuresmsionleddl u dremgil Ty
Ca0 adlU3a awarhlviend widdananavy 061315Aa wammaasan aalysiuiiemmsian
MAA $ifu CaO 15iading 2 siimziifisenduiaiiuseaonamlasiani ansahuthn
Id g 1 J J o v '3 A o < d' dy
W snszduimluszuumedeanlsd Mldensaeunmduennnaziidniizivesmsasgi wu
v ea \ 4 4 X o4 s y 4 425
1dy dallszauanumnuiuvesmsenlean anndudadie lasussmasenloaiiinyuiy
a _ o a 2 - 1Y X a 1 o 1
naxnmsnaiusslessiinves (Ca~)-('COO) Memail Msin MAA $IuAD CaO 33 twa

Mlrenagnlan wifiBnandn adienSeuiisuiven asou



M3 1Mo af ue T 27 aui 1 (2554) 179

190 1591994

1.

10.

11.

12.

13.

WeHDI uTge. 2548, 1madien. faniefan 1. Unusidl. quimaluladlanzuasy qurend
(MTEQ). vih 18.

Lopattananon, N., Kraibut, A., Sangjan, R., and Seadan, M. 2007. Ionic Elastomer Blends
of Zinc Salts of Maleated Natural Rubber and Carboxylated Nitrile Rubber: Effect of
Grafted Maleic Anhydride. Journal of Applied Polymer Science 105: 1444-1455.

Ibarra, L., Marcos-Fernandez, A., and Alzorriz, M. 2002. Mechanistic Approach to the
Curing of Carboxylated Nitrile Rubber (XNBR) by Zinc Peroxide/Zinc Oxide. Polymer 43:
1649-1655.

Ren, W. T., Peng, Z. L., Zhang, Y., and Zhang, Y. X. 2004. Water-Swelling Elastomer
Prepared by in situ Formed Lithium Acrylate in Chlorinated Polyethylene. Journal of
Applied Polymer Science 92: 1804-1812.

Du, A. H., Peng, Z. L., Zhang, Y., and Zhang, Y. X. 2002. Effect of Magnesium Methacrylate
on the Mechanical Properties of EVM Vulcanizate. Polymer Testing 21: 889-895.

Peng, Z., Qian, J., Yin, D., Zhang, Y., and Zhang, Y. 2002. Reinforcement of Elastomers
by in situ Prepared Aluminum Methacrylate. Elastomers and Plastics: 94-99.

Zhou, Y. B., Wang, S. F., Zhang, Y. X., and Zhang, Y. 2006. Reinforcement Effect of MAA
on Nano-CaCO,-Filled EPDM Vulcanizates and Possible Mechanism. Journal of Polymer
Science: Part B: Polymer Physics 44: 1226-1236.

a3 uTge. 2548, 1madien. faniefan 1. Unusidl. quimaluladlanzuasy qurend
(MTEQ). vith 118.

3¥3 ouning. 2546, wannnsudwiinea af. fiedei 2. “ninfiileiden s,
i 66.

Ismail, H., and Poh, B. T. 2000. Cure and Tear Properties of ENR 25/SMR L and ENR 50/
SMR L Blends. European Polymer Journal 36: 2403-2408.

Park, S. J., Seo, M. K., and Nah, C. 2005. Influence of Surface Characteristics of Carbon
Blacks on Cure and Mechanical Behaviors of Rubber Matrix Compoundings. Journal of
Colloid Interface Science 291: 229-235.

Flory, P. J., and Rhener, J. 1943. Statistical Mechanics of Cross-linked Polymer Networks
II. Swelling. Journal of Chemical Physics 11: 521-526.

Lamminmiki, J., Li, S. Y., and Hanhi, K. 2006. Feasible Incorporation of Devulcanized
Rubber Waste in Virgin Natural Rubber. Journal of Materials Science 41: 8301-8307.

la5uumanuiun 7 sunau 2553
YONTUANNIIUN 17 NATIAN 2554






