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ABSTRACT

This investigation attempts to elucidate the graft copolymerization of
methylmethacrylate (MM A) with polychloroprene (PCP) viatheradical ini-
tiator, benzayl peroxide (BPO). The graft copolymer of PCP madefreefrom
the respective acrylic homopolymer (PMMA) and unreacted PCP by appro-
priate solvent extraction using acetic acid (AcOH) as a solvent. The IR &
proton-NMR studies on the graft copolymer showed the occurrence of
grafting. The IR-spectrum of the graft copolymer PCP-MMA showed an
absorption band at 1730cm* a characteristic of the carbonyl band of PMMA
whichisnot present in PCP. The proton- NM R spectrum of thelatter copoly-
mer showed the a-methyl proton at 0.95ppm and OCH3 proton at 3.5ppm.
The mechanism of the grafting seemsto be by chain transfer to macromol-
ecule as evidenced by the decrease in chlorine content of the graft copoly-
mer. Thereafter the graft copolymer was blended with heat- reactive phe-
nolic resin (tackifier), MgO, ZnO etc for adhesive applications. The pedl &
shear strengths of the above formulated contact adhesive were investi-
gated. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thediscovery of new polymersisararity nowa-
days many attempts are being madeto modify the ex-
isting polymerseither through blend formation™= or
by graft copolymerization*®, By thesetwo processes
many new materials have been formed which differ
completdy inboth physica & chemicd propertiesfrom
the parent material §78.For exampl e polychloroprene
(PCP) finds extensive applications as an contact ad-

hesivel® and asamolded articled® Alsoit isusu-
ally used by blending with other compounds. These
processes | eave certain advantages aswell as disad-
vantages. Few studies have been reported on the
modification of PCPintheliterature. Strictly speaking
inour studiesonthisfield we couldn’t find any report
onthemodification of PCPintheliterature especialy
throughitismodify adhesion on unmodified surfaces.
Graftingisawell known techniqueof improving chemi-
cal & physical propertiesof hydrophobicfiberssuch
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as polypropylenefibers (pp). Grafting it imparts de-
srable propertiesincluding dye ability, soil repellency
and creation of active sitesfor covalent immobiliza-
tion of bio-macromolecules*>8. The most widely
used method for thefunctionalization of polyolefins&
olefinic elastomersisto graft acrylic monomerg®24,
Functionalized polyoefinssuch aspp sampleswith dif-
ferent percentage of grafted itaconic acid (1A) or its
derivaliveslike monomethyl ester of IA (MMI) and
dimethyl ester of IA (DMI), with similar molecular
weightswere used as compatibilizersin polyol efin-
clay nanocomposits®?1.Sincethecommercialization
of pe& pp, thefunctionalization of polyolefinsthrough
grafting with polar acrylic monomers hasbeen signifi-
cantly interesting and technol ogicaly important research
subject with mainfocus being on improving the adhe-
sion and compatibility with other material -1,
Functionadization of polyolefinsthrough grafting of po-
lar monomers has been the subject of intenseresearch
during recent yearswith theaim of introducing func-
tional polar groupsintotheir non- polar olefinicchains.
Theresulting compounds have been used asacom-
patible polymer with blend of polyolefinswith other
polar polymers®254, The R& D effortstowards de-
velopment of chemical polymer blendsof polyolefins
and rel ated polymers and copolymers such aslinear
low density polyethylenes (LLDPE) or very low den-
sity polyethylenes (VLDPE), ethylene propylene co-
polymer rubbers(EPR), elastomeric terpolymersfrom
ethylene-propylene dienemonomer (EPDM) system
& ethylenevinyl acetate (EVA) copolymersthrough
graft copolymerization could be affected>.

EXPERIMENTAL

M aterialsand methods

PCP (Bayprene 321, 38% chlorine content was
used), Zinc-Oxide, magnesium Oxide, chlorinated
rubber (Pergot S-20), reactive phenolic resin (Sp
154- Schenctady); 2,6-Di-t-butyl-4-methylphenol
(as an antioxidant-BHT) purchased from Bayer
chemical company-Germany. The Monomer MMA
(methyl methacrylate) purchased from BDH chemi-
cal company, England. It was purified from inhibitor
by washing successively with 5% aqueous sodium
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hydroxide, drying over anhydrous CaCl,, distilling
under Vacuum & storring in arefrigerator at 4°C.
BOP (Benzoyl peroxide) also from BDH Chemical
company-England was recrystallized from chloro-
form- methanol mixture.

Aerosi|-R-200 from Degussa-Germany; concen-
trate nitric acid, benzene, sodium carbonate, potassium
carbonate, potassium thiocyanate and ferric chloride
were purchased from Merck chemica company-Ger-
many.

Graftingprinciple

The technique involves a reaction between
polychloroprene rubber and methyl methacrylate
monomer in solution to obtain apolychloroprene-methyl
methacrylate grafted copolymer. Itisnecessary toavoid
oxygen contact.

Initiation

Theinitiator (an organic peroxide) isdecomposed
by temperatureand givestwo freeradicals.
R--0--0--R—-C 3 oR_—g*

Thetransfer of afreeradical onthe PCPchainis
the starting point of thegrowth of aMMA graft:

*
R—0* N\~ N\—=\__~ \ + R-OH

BUTACLORMA 45S BUTACLORMA 45S

BUTACLORMA 455~ BUTACLORMA 455

* .
=radical

Propagation (Graft growth)

* *
MMA \\_/\MMA R \\/\MMA n+l

—
BUTACLORMA 45S BUTACLORMA 45S

Termination

Stop of the propagation reaction by destruction of
thefreeradica swith aphenolic antioxidant, theresult
of grafting reactionisamixtureof:

RS

Polychloroprene-MMA grafted copolymer

+homopolymer
PMMA
+ residual MMA
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Graftingformulation

I ngrediedients
TABLE 1: Butaclor M A 45Smethylmethacrylate
Ingredients Parts %
Butaclor ma45 S 100 1348
Methyl methacrylate 60 8.09
Toluene 493 66.5
Ethylmethyl ketone 87 11.7
Benzoyl peroxide (bpo) 0.5 0.0674

2, 6-di-tert-buthyl-4-methyl phenol (bht) 1 0.135

Conditions
Temperature: 90°C ; Pressure: latm.
Equipment

Thegrafting reaction can beconductedinareaction
vessel equipped with aheating and cooling jacket, in
order to heat the solution for starting thereaction; and
to cool down for control thetemperature. In addition,
thereactor hasto betight enough to avoid solvent loss
and keep thereacting massfar fromair. The agitation
speed must beenough to obtainahomogeneousreactive
mass and agood heat exchanging.

Graftingprocedure

PCP(100gm) wasdissolvedintoluene (493ml) us-
ingamechanica dirrer. Thesolution thusobtained was
transferredinto alaboratory reactor (acylindrica vesse
withaglassjacket for heating & cooling dutieswith ca-
pacity of 3liters), fitted with acondenser & amechanica
gtirrer inathermostati c water-bath maintained at 90°C
and standard pressures. The grafting reaction was car-
ried out inthecylindrical glassreactor by takingaknown
quantity of methyl methacrylate (60ml, 2.5x10* mol/l)
and an appropriateinitiator (0.5gm, 1.0x10-3mol/l dis-
solved in 10 ml of toluene. A slow stream of aninert
atmosphere of nitrogen was passed throughout there-
action. The grafting polymerization reaction was car-
ried out for 6 hours. Thereafter the propagation reac-
tion wasarrested by destruction of thefree-radica with
BHT, aphenolicantioxidant (1gm). Thereaction vessd
was removed from the thermostati c water-bath and the
reaction was arrested using an ice-salt mixture. The
resuit of thegrafting reactionisamixture of PMMA,
PCP and thefunctiondized polychloroprene.

—= Pyl] Peper
Graftingcontral

Solid content of the solution increasesregularly
during thereaction; it isrelated to the conversion of
MMA at any time(T) of thereaction, the conversion of
MMA may becd culated from thefollowing equation.

M A 455wt " solid content at timeT —initial solid content
MAA wt. Initial solid content

Initia solid content: after adding BPO, the optimal
conversionrate of MMA isabout 30%. Itisfar better
to make a double check using a chromatographic
method.

Estimation of Chlorine

A weighed quantity of polychloroprenewastaken
inaporcelain crucibleand swollen with benzene. 6g of
mixturecontaining 2 partssodiumnitrate. 1 part sodium
carbonate, and 1 part potassium carbonatewere added
and mixed with the swollen polychloroprene. The
benzene was evaporated at 100°C; 4g of sodium
carbonate was placed ontop of mixtureinthecrucible
and thelatter was covered with porcelain cover. The
crucible was then heated, first over a low flame,
gradudly increasingtoafull flame. After 3hrshesting,
the material was allowed to cool and subsequently
transferred to abeaker first warm distilled water and,
then 13ml of concentrated nitric acid wasadded ona
steam bathto dissolve dl thematerials. Toasolution,
diluted to about 150ml, was added an excessof standard
slver nitrate solution. Theprecipitated silver chloride
wasfiltered off and washed with Slver nitrate, and then
findly withdistilled weter. Thefiltrateand washingwere
combined and titrated with standard thiocyanate
solution. Thefiltratefrom the precipitated chloridewas
treated with 5ml of theferric solution and the excess
slver determined by addition of thethiocyanateuntil a
permanent reddi sh-brown col our was produced and
theamount of chloridewas estimated using standard
procedure??,

| solation of graft copolymer

Conv.rateé =

A part of the solution was poured into an excess of
methanol to precipitate the polymer. The polymer
contains both the grafted and ungrafted backbone and
unbonds homopol ymer. The unbonded homopol ymer
wasseparated fromthepolymer mixtureusngasdective
solvent extraction technique (72 hrs). The unbounded
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GRAFTING PROCESS

DISSOUTION OF BUTACLORMA 45 S
IN SOLVENT (2 to 3 HOURS)

AN

MMA ADDITION

90°
TEMPERATURE N
INCREASE \ GRAFTING (2-3H)
-SOLID CONTENT //
-VISCOSITY
INITIATOR

INTRODUCTION

e

STOP THE REACTION DESTRUCTION OF
FREE RADICALS

INHIBITOR INTRODUCTION

/

COOLING DISCHARGE OF REACTION

homo polymer (MMA) was extracted from PCP-g-p
(MMA) using acetic acid asan extracting sol vent.

Preparation of adhesivefor upper leather

The grain surface of the upper leather was
roughened using awirebrush, so astoremovethegrain
layer completely to produce fibers®l. The upper
|eathersused for adherentswere 3x1inches [

(7.6x2.5cm) n
sizewith athicknessof 1.2-1.3mm.

Preparation of soleleather

Theflesh side of the soleleather was roughened
using awire brush, so asto removeal horizontal or
looseflesh fibersand to produce araise surface of the
stronger corium fibers. Adherents used for thetesting
were 3x| inches, .. . in size with athickness of
4.5mm.

Methodology for theaplication of adhesive

The treated pieces of the materials were coated
withtheadhesiveformulation using asoft bristlebrush
with strokes in the same direction and without any
“traved” surface on the adherends. After 30 minutes

drying of first coat, a second coat of adhesive was
applied?, The coated surface of the two adherend
strips were aigned face-to face, carefully, without
entrapping air, inthe samedirection for peel -strength
testing and in the opposite direction for shear testing.
Thenthe materia swere pressed together in abonding
press at a pressure of around 10-12kg/cm?for 15
seconds at room temperature.

Peel strength and shear strength testing

Ped strength and shear Srength testinginadry and
wet conditions (immersing the samplefor 6 hoursin
distilled water). Thetest carried out at 20+2°C at 65%
RH inanuniversd tendletestingmachine (InstronModd
wo0.2500).

RESULT AND DISCUSSION

Characterization of graft copolymers
Infrared (IR) spectra

PCP, PCP-g-P(MMA) and PCP-g-P(EA) were
dissolvedintoluene. These solutionswere poured onto

Macromolecules « m——
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Figurel: IR spectraof A-PCP, B-PCP-g-P(MMA)
amercury bed separately and dlowed to dry to produce
films. ThelR spectraof thefilmswererecorded usnga
Nicolet 20 DXB instrument. The isolated graft
copolymer showed an absorption band at 1730cn?
(Figure 1), a characteristic of the ester carbonyl
sretching vibration.

Nuclear magnetic resonance (H-NMR)

The proton NMR spectra of PCP & PCP-g-
P(MMA) dissolved in deuterated chloroform, recording
using Perkin-Elmer R-32ingrument, areshowninfigure
2. The PCP—g-P(MMA) shows the o- methyl proton
peak at 0.95ppm and the OCH, proton at 3.5ppm.
The presence of these signals in the isolated graft
copolymer also support the evidence of p(MMA)
grafted on PCP.

Alternatively, theeimination of chlorineby chain
transfer reaction causes creating afreeradicd sitein
the PCP. This is a possihility?? and the probable
mechanism of graft copolymerizationinthepresent sudy
givenblow:

RooR—2R°e ¢l ° Initiator decomposition
I°+nM—(M)_, M°... homopolymer intiation

C1 . .
(CH2- C =CH-CH2)+Mp_1MQ > chantrandfer reection

i
LDOD oo

(CH2—C* =CH-CH2)+Mp-1M -C1
(CH2-C*=CH -CH2)+Mn-1M(Q — Graft propagation
(CH2-C=CH-CH2)M -Mp-1

—= Py Paper

| B
|
| ‘ hlli 'lll -
= ____,—!\Li. I__/L EIIIL-JI IA-._,,___,_-!'lL
A
| \
1
| | | |
= F— | - s |L_ A
7.5 [ L] 55 L5 is z% 13 as 0O

Sppm
Figure2: 'H NMR spectra(A) PCP; (B) PCP-g-P(MMA)

INTABLE 2 thegenera purpose contact adhesive
formulation of PCP grafted MMA and the control
(without grafting of acrylic monomers) isgiven.

Adhesivecharacteristics

Brookfield viscosity: around 2000 maps; Solid
content: Adhesivel: 22.8%; Adhesivell 20.2%; Rubber
Content (Rubber/Rubber +Solvent):16%

INnTABLE 3two formulasfor solvent based | eather
shoes adhesive manufacturing are represented.

Adhesivecharacteristics

Brookfield viscosity: around 2000 maps; Solid
content: AdhesiveNo. I: 22.8%; AdhesveNo. I1: 21.3%;
Rubber Content (Rubber/Rubber + Solvent): 15.8%.

Operating process

The operating process for both formulations of
TABLE 2 & 3isasthesame. Put the solvent into the
mixing vessdl, add the oxides, theresinand silicainto
the mixture, and let to mix and dissolve during 30
minutes. Then incorporate the chips of PCP and the
chlorinated rubber, wait until theviscosty remainsstable,
or the solid content reachesitstheoretical value. All
these adhesives have afree flowing properly with a
viscosity in the range of 2800-3000 cps. The peel
strength of the different adhesive formulations for
bonding upper leather to leather solein wet and dry

—r—, @ Cromolecules

Au Tudian Journal



20 Graft copolymerization of polychloroprene with methylmethacrylate

MMAIJ, 6(1) June 2010

Full Paper e

TABLE 2: Adhesivefor mulation of PCPgrafted with MM A
and control (ungrafted)

TABLE 3: Adhesivefor leather shoes manufacturing and
thermoplasticrubber (solvent based, heat resistant)

Formulation (weight in gm) Ingredients Adhesivel  Adhesivell
No. Content
I [ Polychloroprene 100 100
1  Polycholoperne 100 100 Reactive phenolic Resin 45 65
2  Tackifier 45 45 Silica(Aerosi|-Rzoo) 2 2
3 Mgo 5 5 Magnesium Oxide 5 5
4  PCP-g-p(MMA) 15 - Antioxidant(BHT) 1 1
5  Solvent to adjust the solid content to 20% PCP-g-p(MMA) 15 -
TABLE 4: Ped strength of theleather-to-leather jointsusing Active Zinc Oxide 1 1
Chlorinated rubber 10 10

theformulation of PCP grafted with M M A and the control
(ungr afted)

Peel strength kg/ cm

Nature of
failure

348  100%SSL

Formulation Nature of

failure
100%SSL

Aging nature of
failure

100%SSL

Dry Wet Dry

I-PCP-g-p(MMA) 5.21 410
50%SUL
471
50%SSL

I1-Control 250 100%NC 280 100%C

SSL: Surface of sole leather; SUL: Surface of upper leathers,
C: Cohesive failure of adhesive within the layer but not at all
the interface

conditionsaregivenin TABLE 4. ThisTABLE shows
that theadhesive prepared with the MMA grafted onto
PCP has pedl strengths of 5.21kg/cm and 3.48kg/cm
under dry and wet conditionsrespectively. We observed
100% of surfacefailure of the soleleather in dry and
wet conditions. Indry conditionthenatureof thesefallure
was 20% surfaceof soleleather & 80% cohesivefailure
of the adhesive Inthewet condition, 50% for surface
of solelegther and 50% cohesvefallureof theadhesive
films. The contact adhesiveformulation prepared from
polychloroprene has pedl strength of 4.71kg/cm and
2.50kg/cmindry and wet condition respectively. The
nature of the failures were 50% surface sole leather
and 50% surface of the upper leather in dry condition,
and 100% cohesivefailureof theadhesivefilminthe
wet condition (TABLE 4).

Further, it isinteresting to notethat on aging the
adhesive prepared with the PCP grafted with MM A
has better peel strength than that of other adhesive,
namely, thecontrol, sincethegrafting efficiency for the
PCP-g-p(MMA) system (48%) is higher than of the
PCP system®, The shear strengths of the leather-to-
leather jointsfor theadhesiveformulationsaregivenin
TABLE 5 The TABLE shows that the adhesive
prepared using PCP-g-p(MMA) gives higher sheer
strength jointsthan those of the other two adhesives.

Solvent system:(100%=total solvent quantity) Toluene 34%,
Hexane 33%, Ethyl acetatel5%

TABLE5: Shear strength of theleather-to-leather jointsfor
thetwo adhesiveformulations

Shear strength kg/ squarecm

Formula Dr Natur e of Wet Natur e of Dr n;}ﬂ'rlgof
Y failure faillure =Y ML 8

I-PCP-g-p(MMA) 18.1 100%SUL 14.5 100%SSL 15.3 100%SSL
17.5 100% SUL 13.8 100% SSL 14.3 100%SUL

SSL: Surface of sole leather; SUL: Surface of upper leathers

Further, theresultsgivenin TABLE 4 showsthat the
ped srengthsof leather-to-lesther jointsmadewith these
adhesive are al so higher than those made with other
two adhesives.

1l -Control

CONCLUSION

Grafting of ethylacryl to methylmethacrylate onto
polychloroprene was carried out using free radical
initiators& thechaintransfer mechanismwas proposed.
Thegraft copolymerswere extravted from thegrafting
mixtureby using asdlectivesolvent extraction technique.
Thegraft copolymerswere characterized by IR and *H
NMR. Thesegraft copolymerswere used asadhesion
of upper leather to soleleather after blendingwithMgo
and tackifier and also as an alternative for two
component systemsin which polyi socyanatesare used
ashardener. Theadhesiveformul ation prepared using
the PCP-g-p(MMA) system has higher peel strength
and shear strength than that of the control.
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