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ABSTRACT

Emulsion graft copolymerizations of vinyl monomers, butyl acrylate(BA), methyl methacrylate(MMA), 2-
ethylhexyl acrylate(EHA), glycidyl methacrylate(GMA), 2-hydroxyethyl methacrylate(HEMA), methacrylonit-
rile(MAN), dimethylaminoethyl methacrylate(DAMA) or 2-vinyl pyridine(VP), onto carboxyl-terminated SBR
latex were carried out under different experimental conditions. In case of synthesizing SBR-g-poly(butyl acry-

late), the degree of grafting was increased with increasing the amount of emulsifier, polymerization temperature

and the amount of initiator. Pull-out strength of resorcinol-formaldehyde-latex(RFL) adhesives formulated
with modified latexes was very higher than that of RFL adhesive formulated with ungrafted latex. When
the modified latexes with GMA, HEMA, MAN, DAMA or VP were used, the break occurred at cords. Peel
strength of RFL adhesives formulated with SBR-g-poly(GMA), SBR-g-poly(HEMA) or SBR-g-poly(VP) was
higher by about 1.3 times than that of RFL adhesives formulated with unmodified SBR against nylon cord
and was higher by about 2.0 times against polyester cord.
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Table 1. Emulsifiers used in latex modification

rile, epoxy, hydroxy ¥ amine”] & E 38} v)dA
Zed, % (methyl methacrylate(MMA), glycidyl
methacrylate(GMA), butyl acrylate(BA), 2-ethy-
Thexyl acrylate(EHA), 2-hydroxyethyl methacrylate
(HEMA), methacrylonitrile(MAN), 2-vinyl pyri-
dine(VP) ¥ dimethyl-aminoethyl methacrylate
(DAMA)) 24 Fluka %= Aldrich® S34)eke A
Agle] 22 AHgstarh. f3kAlE So] A ]
o] T4E W4l A4 on Table 19 298}
%}, Resorcinol-formaldehyde <7414+ resor-
cinol(Katayama), ~ formalin(Junsei ; 3%  35%),
NaOH(Shinyo), NH,OH(Katayama)& AH&-3}jc}.
7t25418} SBR w34 #38H(F) 9 KSL 103 2
H2g Agsid B34 Az 402 SMR #20,
FEAREEH(F) 9 SBR 1502, FEAF38HF) Y
KBR 01, Atsjolad(gtedstsl), 2dol2Ak(gHa sl
&), carbon masterbatch(CMB ; B %313}, sulfur
(M%3}8h) 9 N-t-butyl-2-benzothiazolesulfenamide
(TBBS ; Seiko) & AH-3t%it}. Potassium persulfate
(KPS ; Kanto) % ¢-dodecylmercaptan(DM ; Fluka)
=& AAYel IHE A3l en FF4E Cor-
ningA¢] Mega-Pure System MP-8Sel 4 253 14
ZF5% MilliporeAte] Milli-Q Water System .2
oAAA F& A FH4E AHsigoh Pull-out

Emulsifier Chemical name Type* HLB Maker

APS Ammonium-polyoxyethylene nonylphenylether A Dong Nam
sulfate Synthetic Chem.

SLS Sodium laurylsulfate A Aldrich
SDB Sodium dodecylbenzenesulfonate A Junsei
PO Potassium oleate A Junsei
SDS Sodium dioctylsulfosuccinate A Junsei
SML Sorbitan monolaurate N 8.6 Fluka
PNE Polyoxyethylene nonylphenylether N 12.3 Dong Nam

PLE Polyoxyethylene laurylether

PSL Polyoxyethylene sorbitanmonolaurate

PSO Polyoxyethylene sorbitanmonooleate

Synthetic Chem.

N 16.9 Junsei
N 15.6 Junsei
N 15.0 Junsei

* A ; anionic emulsifier, N ; noionic emulsifier.
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FT-IR% NicoletA}] Model 710 FT-IR spectro-
photometer® A3ttt IR dryerc MettlerAh9]
LP 16M< 2315tk Kneaderv W34 E37)2
A ¥ Moriyama SSAF] Model D3-103 9] disper-
sion kneader AH8-3l¢lch. Universal testing ma-
chine(UTM)& 59 ZwickA+e) 14358 AH&-stgict.
Oscillating disk rheometers= 5% ZwickAHS) Model
43085 AH8-3l%lc}. Hot presst V|3 WabashAhe)
Model 30-1515-2TMBE AH85ich, Roll mille
¥ Yasuda Seiki*t] Model 191-TM& AH&-3l9it}.
Bubble viscometere %3 Sheen*tel Ref. 435%
AH8-814lc}, Vortex mixers ©|= Fisher Scientific
Are] Model 2328 AH-31%th

3. SBR 2ie|~9| JHA
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7} A2 kettleo] 2H) 29 DME 78t #HH(rpm
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stk

4, RFL M=

Resorcinol-formaldehyde(RF) 47|93} resorci-
nol-formaldehyde ¥~ (RFL)-& 77 Table 2 %
3% & A2 AzdAn.
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Table 2. Reaction condition of RF resin prepara-
tion

Components Weight dry Weight wet
Resorcinol 1.65 1.65
Formalin(35%) 045 1.29
NaOH(10%) 0.09 0.9
Water - 2915

2.19 32.99
Solid content 6.6%
Condition 25C X 6hr

Table 3. Formulation of RFL adhesive with grafted

SBR latex

Components Weight dry Weight wet
RF resin solution

(Table 2) 2.19 32.99
latex(40%) 125 31.3
NH,OH(28%) 0.39 9.71
Water - 9.71

15.08 75.4

Solid content 20%
Condition 25C X 20hr

5. REAE

BA 2g, 34 0.04g Al@ &l Y2 vortex mi-
xer2 &34 254 228 Asslgd, o 1#
0% Fot Ad3) sl Eqsta AelA 147
23 3 53} Al s & Fig, 19 vebd AAY
92 o sl A, A2, A3 ¥ BE #
et 4383 C, ¢, D, D' % Ex #3147}
3% AR wdstd f3A4AE AR

6. Conversion &3

Ao}zl 2e 29 conversiond ofzfs} e Aog
Akt en solid contents IR dryerE AH-3le
SR L=

Conversion(%) =
experimental solid content

- - X100
theoretical solid content



SBR Latex9] 7§ ¥ #2554

A-1 A2 A-3 B C c' D D’ E
T8 emulsification, 22270 soluble part of emulsifier,

|_._linsoluble part of emulsifier

Fig. 1. Classification of emulsification.
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Fig. 2. Specimen for peel strength test.

Table 4. Rubber formulation

Component phr
NR 45
SBR 25
BR 30
ZnO 54

Stearic acid 2.25
CMB 120

Sulfur 278
TBBS 135
b
4— Cord
=%
E . 19mm
5 | y 75mm

Rubber block \&P

12mm

20mm
4—— Cord

\ 4

Fig. 3. Specimen for pull-out test.
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Table 5. Emulsification of BA with various emulsi-

fiers
Type* Emulsifier HLB  Classification
A APS D
A SLS A-2
A SDB D
A PO D’
A SDS A-2
N PNE 12.3 A-1
N SML 86 D
N PLE 16.9 D
N PSL 15.6 A-2
N PSO 15.0 A-2

* A5 anionic emulsifier, N ; noionic emulsifier.

Table 6. Emulsification of BA with combination of

emulsifiers
Arllig;pic
emulsifier
Nonionic APS SLS SDB PO SDS
emulsifier
PNE D A-3 D A-3 D
SML D A-3 D D D
PLE D D D D D
PSO D D D D D
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Fig. 4. Effect of emulsifier concentration on degree

of grafting.

Table 7. Effect of emulsifier concentration on graft
copolymerization of BA onto SBR latex and
peel strength

Concentration Degree of Peel

of emulsi- Conzz;x;snon grafting  strength*
fier(%) o (%) (kgf/2cm)
03 98 11.8 4.1
0.5 99 129 46
1.0 98 16.9 4.7

* adherend ' nylon chepar
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Fig. 5. Effect of polymerization temperature on de-
gree of grafting.

Table 8. Effect of polymerization temperature on
graft copolymerization of BA onto SBR la-
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Fig. 6. Effect of initiator concentration on degree
of grafting.

Table 9. Effect of initiator concentration on graft

tex copolymerization of BA onto SBR latex
Polymerization . Degree of Peel Concentration . Degree of Peel
Conversion . o Conversion . .
temperature %) grafting  strength* of initiator %) grafting  strength
() %) (kgf/2cm) (%) i @) (kgt/2cm)
50 97 11.8 4.1 0.3 96 88 4.0
60 99 129 4.6 0.5 99 12.9 4.6
70 98 13.1 4.8 1.0 929 13.0 4.7

* adherend : nylon chepar

* adherend : nylon chepar
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Fig. 7. Plot of peel strength vs. degree of grafting,

Table 10. Reaction conditions for graft copolymeri-
zation of various monomers onto SBR la-
tex and viscosities of grafts.(SBR) =0.67
kg/l, (PNEJ=50X10%g/, (SLS)=17
X10mol, (#-DM)=25X10"mol, (KPS)

=1.8X10"mol
Monomer  Temp. Time Viscosity*
o) (© Gow) pm
BA(0.52) 60 5 O O
MMA(0.67) 60 5 O O
EHA(0.36) 60 5 O @)
GMA(047) 35 4 O X
HEMA(0.51) 35 4 O X
MAN(1.00) 35 4 O X
DAMA(0.43) 35 4 A A
VP(0.64) 60 5 (@) ©

*© : ca 100cps estimated by bubble viscometer
O i ca 75cps estimated by bubble viscometer
A 5 cream state
X 3 gel
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Fig. 8. FT-IR spectrum of SBR-g-poly(MAN) (film).
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Table 11. Peel strength and pull-out force for RFL

adhesives formulated with various grafted
SBR latexes

Pull-out force Peel strength

Latex (kg) (kgf/2cm)
Nylon Polyester Nylon Polyester
Ungrafted SBR 50 6.3 58 16
SBR-g:poly(BA) 9.0 6.6 41 12
SBR-g-poly(MMA) 84 6.8 50 14

SBR-g-polyEHA) 91 69 52 13
SBR-g-poly(GMA) 9.7+  85* 177 16

SBR-g-poly,

(HEMA) 11.3* 84* 71 32
SBR-g-poly(MN) 11.3* 8.4* 75 1.8
SBR-g-poly

(DAMA)** 9.7+ 76 - -

SBR-g-poly(VP) 11.0* 84* 76 31

* Cord break

** SBR-g-poly(DAMA) was formulated with RF so-
lution after adjusting the viscosity with water
as 50cps.
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