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Q e A= A3 S E3 M Elela A o]E (benzyl methacrylate, BzZMA) & third mono—
mer 2 AFE-3}9] styrene—butadiene—benzyl methacrylate copolymer (BzZMA—SBR) & Al &t} =4k}
EF (NaOH) & o] &3to] 7FRail-3-S %4 BzMA 2 WA 152 deprotection AlA carboxylated styrene
butadiene rubber (XSBR) & %= ¥ Na—XSBR ofo] 2 =0 = 7| %819tk =8 A| BZMA 9] $913-5 g s}o]
XSBR 9] 7}23-47] (carboxyl group) &S thekatAl 2439tk FTIR (ATR), 'H NMR, DSC & o]§-3}o
¥ BzZMA—SBR, Na—XSBR ¢}o] @em €] 739} 545 #4383t

ABSTRACT : A new terpolymer, styrene-butadiene-benzyl methacrylate copolymer (BzZMA-SBR) was synthesized by emul-
sion polymerization. After polymerization, XSBR ionomer was prepared by deprotection of benzyl group of BzZMA through

hydrolysis with NaOH. Carboxyl group contents can be controlled by changing the initial feed contents of BzZMA. Structure
of BzZMA-SBR and XSBR were characterized by FTIR, 'H NMR and DSC.

Keywords - ionic elastomer, emulsion polymerization, XSBR ionomer, BzMA-SBR, hydrolysis

I.ME o}o] 2:mi= 15 mol% ©13H] COO™ Fi= SOy 9 & o]
71s71Es LA EE e EQE o2 xR 2] oo A

o] 1F°] ElE uEAE oA ¥ (onic poly- ol2dge] sl aEATF A& o] S AF (ion cluster)
mers) 5= 0}0] @ =1 (ionomer) 2}l 2]tk ofo] @ h-r Pl A3 =tk Ft=2 547 93t 7w vk 8
= TAFEC] BHEl AR o] Foj X vl A AL 7o o] 2 SES-S Sl dojd = Utk 7 ARbAR o R = &
71571 (carboxylic, sulfonic, etc.) £} F50]20] o| A3 S SAESS ARSI 245 o IS B3 7k o gk
8 7t s 7l b o]k ol V)T ES Ao w A o] 55 7t R4 0)E ¢ (metal carbox-
TAoR 5 $d3s] o] 23}t HojAaL o] A TS S5l ylate salt) o] EAZE 12Ae] 27 54 & YT v
TEAF MEZ A (matrix) ol 58t o] 3] §A (ion-rich A= o] o] th5E (ionic multiplets) ©]2f E2]& o]
aggregate) 5= G ato] Ao =8]4 EA 71A14 =4 H=2 2|3} (aggregation) ©f 7]?1ste] &2l Q1 7hal el -2
ol AAE A5 a9E 7S 5 Uk Ashs Bt} & FoA s o]23]F (ionic aggregation)
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o] wlAl 2] (microphase separation) = ] A= FE|AH
s} gol EAE = odrk?

7157 L%i4]§é Al EQiehs A =8F 549
T e 54T 7S Folshy] 18 ek A i
T feltk?? 58] st= A % T=8lskeq 01%@%% 3
g e Eeld SA Y iR

3] A frEolA] gt ¢ arboxylated NBR (XNBR)
WHAHFE st Hof gy AFgEo] & Rid carboxylated
SBR (XSBR) < H|w & F5& & Wit} 2L XSBRo| #3t
A77F D] Ao 3k ds Sall "H=1%] SBR
of 7= RAAVE Bt £82 5AS & A7t
ks A77F T2 o] FoA gk AN A foledS
o]-g-atof Artoldl, FEFH <l (butadiene) &% & A|<Q! SBR ©ll
715718 Y ¥ 7 18l vESS BSk ofol o E AR
3t A= o}z B arEo|x)x] fkgkt)

24 GFAE 83 Aefoldlat REUAS] 73 5%
& 5% SBR He] 5471 &S ol olelws 7HA
w o]= AElo| Ay} FElLl O F o]Fo]X nlo] Al (micelle)
W52l 57173 (organic phase) ©. % =/ TFEFA| Y] FAto] »

Butadiene
Styrene

Benzyl methacrylate

iz Aol 7143t} oA E Fof ofaHAate} e A9
A S0 Al ek Al ol W2 FAkEE £t
lj-¢- =] 3 =7 (water phase) ol 4] "/}%l T ool dojuk=
Zol TAZE 2 4= QItk? 1 8] v FA dFRES] A9l
L WS 2]/l TE}“*’* °ﬂ vl &l U5 w2
U =8 dY FEEAE $ sS4 7 AdEe
Aleko] ATt

B ATelM e Afstediii o s wdveela ey
O] E (benzyl methacrylate, BZMA), Z~E}o] &I, —rFJrE]?ﬂo T
3+ 2] BZMA-SBRS 58515t BZMAE: third monomer =
AAEet o= AEte]/ll gl Fe <l vhE-E Tt BlSsestaL
7l s Bl o154 97 benzyl part 5 AlA & Q17
wjFEolth 33 58| A 2% benzyl methacrylate SBR
(BzZMA-SBR) & FANSIEFI 7123 E 5310 carboxy-
lated SBR (XSBR) & 72 35}4] Na-XSBR ©o}0] 2 =& A%
3}At} Scheme 1 ©fl BZMA-SBR 31583} 7f3-a)] W32
< YERISITE Figure 1 )| third monomer & T $13F0] A2
St 7EEENe-g E8l WHEe1%] Na-XSBR o] 2
9] JfEgEE YeER AT

Emulsion polymerization i~

v
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Scheme 1. synthesis of benzyl methacrylate-styrene-butadiene rubber (BzZMA-SBR) and Na-XSBR ionomer.
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Figure 1. Concept of Na-XSBR ionomer.
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A A %Q%ﬂﬂlf"‘ AABEAL A8l 1,3-FEhr <l
(99%) = =3 A 3N oA Aol o] Al flo]
/‘P%-ﬁ}?\i‘jr. A AY (fatty acid) 2F 23 (rosin soap) < =24
FIF) oA AEET (grade) & AT Wol AFgateiry
p-Methanhydroperoxide (98%), tert-dodecyl mercaptan (98%),
ethylenediaminetetraacetic acid (EDTA) (99%), sodium form-
aldehyde sulfoxylate (86%), ferrous sulfate (99%), sulfuric
acid(95%) = Sigma-Aldrich o4 Fuljate] Ak AHE-315]
o}

2. 7171
A My) I FAFFEEE (PDD) © A AF A=2rETD

23 (gel permeation chromatograph; GPC, AB SCIEX, USA)
£ o]g35te] 54513 2 Agilent 1100 pump, RID detector
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Varian, Unity Plus 300 spectrometer, Garden State Scientific,
USA)&} A 2] XF337] (Fourier transform infrared spectroscopy;
FTIR, Nicolet 6700, Thermo Scientific, USA) & AF2-5}3it}.
Z @rﬂg ArtE §3t %<& (total solid contents; TSC) 73
& FRAZ7] (MB45, OHAUS, USA) = AH2-&FSlTh.
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Figure 2. 2L stainless steel reactor.

Table 1. A Recipe for the preparation of BzZMA-SBR

Materials BS-1 BS-2
Styrene 270 240
Monomer 1,3-butadiene 700 700
Benzyl methacrylate 30 60
e dotal ] 1000 1000
Emulsifier Deionized water | 1000 1000
Modifier tert-dodecyl mercaptan L5 ] LS .
Surfactant Rosin acid 10 10
e Fatty acid ... 15 15 ..
Initiator/ p-Menthanhydroperoxide 0.6 0.6
Catalyst EDTA/Ferrous sulfate 0.6/0.1 0.6/0.1
I Sodium formaldehyde sulfoxylate 04 04
Stflfios"l' Sodium dimethyl dithiocarbamate 1 1
4. S MEle =3 U 2jEA By

= S
gutE wHkE = wERge]] 338] dojrman 4 oA
E Ak FHAIZIT 330 B2aMA-SBR < 50 °C °] =38k
2l A% 1dz7ef 20 AlZE B HxEH] HEES A A%
% BzMA-SBRS ¥t}

5. BZMA-SBR A &z =X

FAZS 039041 g 7HA 0.1 mg 2] 2 3702] AE-S F=0]sto]
200 ml ©] 2 &7l ¥& § =70 100 ml F71gc)
H|3F A|2S 50 mesh A7 <ol Wil 2542 °C 5oll4 204
Eok o] T8 LoflA B3Itk 16~20 A7 3o £7] b
= S 7l §, Alo] Hol=A] gEIsitt £7] el ole
Fellg 25 ml AH S T GFulE Aol ZaL 100+10 °C
AF xRl Az} A Fhege o o] 48 o] g3t

Ak

Y
B

22

2 1o i O
i

e
ol
pata

Ax4=F8

gel (%)=[(C — B)/C] x 100

Azd 25 ml #3)e] AzE Feo| B
Azd Fo| A 7
AgAzel B

ow >
[

[0)]
N
4>
Hr
%
e
olo
o
omm

St BzMA-SBR 2| Deprotection

85 &3l doi%l B2aMA-SBR BHEIAE, Mghe-S o]
G 5

Gato] HAAR F- 50 °C 9o £ AT T]oNA 20413
et Ax F AES 9tk 2L o EEkade] AxE
A

BzMA-SBR & ZHA| 9tfjsto] W& &, THF & °F 1.7L 7}
Y370 °C 2% A vl ERkE o]g-38te] wyk Al7
WA =21tk o]wf THF 7} T == 21S 2] 98l $71&
AASIT} Na-XSBR o}o] @ =& $HAlslr] 9ste] S=4k3h
EH (NaOH) 7} 72385 F3t9] BaMA 2 Wi 15
S deprotection 3Tt THF ©f] BZMA-SBR ©] ¢-73] £3%
g st & A FASFGEFS wehsol] Fof
BzMA-SBR ©] 5olQli= Zelas oo g HH3] %)
FTIR (ATR) & ©]4-3}] Na-XSBR o] 2.1 9] AAJoj s
glskdrt.



600

50 Ki-Hyun Kim et al. / Elastomers and Composites Vol. 48, No. 1, pp. 46~54 (March 2013)
b
0.10 - b : trans (967)
0.08 - a: out-of-plane
aromatic C-H
(699)
8 0.06 + ¢ : vinyl out-
c of-plane (911)
©
O
S 0.04 ~ b:cis 1.4
d : C=0 Ester bond (1729 : ol

3 Bt (724)
<

0.02 4

0.00 4

BS-1(3.7wt%)
BS-2(7.5wt%)
_0 02 L] l Ll 'I L] I L] 'I L 'l L I
1800 1600 1400 1200 1000 800
Wavenumber(cm™)
Figure 3. FTIR analysis of BzZMA-SBR.
m. Hu} g st 3171 9181 Table 2 of|A+= 699 em™ oA 2Elo] @3} B2aMA

1. BZMA-SBR 2| 71X &AM

Fal=a o7 A|%9 BZMA-SBR & 1EATEE g9l
3t7] $1sto] 743 ARkAE A 9] 237] (Fourier transform in-
frared spectroscopy - attenuated total reflectance, FTIR-ATR), &%
2A47] 378+-47] ('H nuclear resonance spectrometer, 'H NMR)
ol gstglon, BRI} HAF LES 245 $l5tol
Al HE FF2vE 129 (gel permeation chromatography, GPC)
= o] &3I3ltk. GPC A¥9} ATR-IR, 'H NMR #4123, A
(ge) FF AE A= vh=ol Yehidth
Figure 3 ©| YR BZMA-SBR 2] FTIR-ATR #of|x4 &<l
niel 74o] 1729 em™ oA BzMA of] EA43H= C=0 group
g8k om 699 em? oA 2~EFo]@IF B2MA ol &8t
= out-of-plane aromatic C-H bond & E}QI5}3it}. 18] a1 FE}
tjqle] A= 724 em? oA cis-1,4 double bonds £} 967 e
4] trans-14 double bonds 7} 1™ 911 em™ ©l|A4] 1,2 dou-
ble bonds 7} =5 © 4 BzMA, styrene, butadiene 2] 5% %
o] A¥A o ool g2 ATk

21Xl BZMA-SBR ©fl =A5k= B2MA 2] A $rd2 At

il
S
=
=

o]l &A= out-of-plane aromatic C-H bond 5= ¥ A& 7]+
07 3lo] BzMA ol W 1729 em? oM Q] S 9=
H|E FTIR & ©]8-35}9] Figure 4 of|4] YR vlel 20| calibra-
tion Z¥>2E WHESITE o] & o]§-3to] AEfo] Y BzMA 9
H)Z 1729 em’ o] YER= BzMA ¢ €=0 9] 3.9] H|Z Ak
3t BzZMA-SBR 14 2] BzMA 832 Alatet A3} BS-1 2}
BS-2 THE Z1ZtelA 3.7 wi% 2} 7.5 wt% °] BzMA S
e Tt

BzMA-SBRS] GPC =74 ¥}= Figure 5 ¢} Table 3 ol L}E}
Wtk 5% 23 BS-1 (3.7 wt% BzMA-SBR) ¥} BS-2 (7.5
wt% BzMA-SBR) 9] A% (M) < 217} 466,000 g/mol 2}
401,000 g/mol ©]$1.0.™, FAEF EAEE (polydispersity index,

PDI = My/M,) & 717} 2.12 ¢} 1.87 94 Itk
Table 2. Stock solutions for calibration
BzMA (wt%)| 1% 3% 5% 7% 9%
BzMA (g) | 0.174 0.561 1.010 1.537 2.164
Styrene (g) 5 5 5 5 5

* Styrene contents of recipe : BZMA contents of recipe = 100 : X
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Equation y=a+bx
4|| Agj. R-Square 0.99856
Value Standard Error
10-s Intercept  0.15852 0.11501
| ’a Siope 18.98935 0.32279
8 -
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£ e
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Figure 4. FTIR calibration curve.
Table 3. Characterization of results of BzZMA-SBR
Sample Feed ratio (wt%) Composition (wt%) Mw PDI Tg Conversion Gel contents
P ° IR NMR (g/mol) (C) (%) %)
BD 70 - 69.0
BS-1 ST 27 - 26.5 466,000 2.11 -51.4 63.0 0
BzMA 3 3.7 4.50
BD 70 - 69.1
BS-2 ST 24 - 229 401,000 1.87 -52.9 61.0 0
BzMA 6 7.5 8.00
Figure 6 o YERd nke} o] 'H NMR #2418 F3l A|=o] BS-1 ¥ BS2 F§a-> FEHH S Astoldl : widvelola ™

SHd ¥ 3.7 wt% BzMA-SBR ¥} 7.5 wt% BzMA-SBR 2] T35
w251 6.7-7.3 ppm oA 2Elol Az} wl A v Elo} T H g
o|Eo] EAsh= ofmnte 3t Adtet a7 FRlE Sk
5.0-5.75 ppm olA] FEF Q1] 1,2-81d (1,2-vinyl) 2} 14-trans
I 1d-cis I 27} FR1E™ 4.6-50 ppm oA 1,2-57} Sl
o)gt Feltyele] ujd Fxeoll 71918k 47 FlEnh
5.0-5.2 ppm oA A& vElotm o] EL] WA 1&F2] CH,
&4 9 3= #9130 24 BaMA-SBR 9] -34S el
Stk A A3E Table 3 ol =%|8}5H2AT) 'H NMR 44 %}

do|EQ] FAMZ} 242} 69.02 : 26.49 : 4.49 £} 69.07 : 22.94
0 8.00 = FAHASTS ERIEHITh

BS-1 7 BS-2 &S] A S S5 A9 -+ BzMA-
SBR B A glo] 34 HolS& €l o, DSC 544
3} BS-1 & -51.4 °C, BS-2 £ 52,9 °C 2] #2l%ol& % (Tg)
£ HERAGITE BS-1 & frefdol2 27t BS2 & frefddol
EHT} 15 °C B o= diidox AEtoldll o] &
o] 7191k A¥E Akt 7] 7153 B2MA-SBR T+ A&
of tf3t X Z Table 3 o H 3tk
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Figure 5. GPC data of (a) 3.7 wt% BzMA-SBR and (b) 7.5
wt% BzMA-SBR.

2. BzZMA-SBR2| 7|a==alf

FABRFER (NaOH) = ©]8-31°] BZMA-SBR = 7}3-3
& 3l widdElola o] ES] WA 1F-S deprotection SF
o] Na-XSBR o}o] =& §Hdetqler o] dist A&
FTIR (ATR) & ©|&3lo] &RIet3Ith. Figure 7°1 3.7 wi%
BzMA-SBR¥} 7.5 wt% BzMA-SBR 9] 7}5Ri-8| 4 == &ols)
FTIR (ATR) ] A#E 742F Y9Itk 1730 em'ellA] UHe}
U= BzMA 9 ester 217 7HAEHIL 1566 cm? ol U EF
0] 23} ester 0]l 23 T A5 FQ13HO ZH Na-XSBR ©}o]
Qxme] PgE Bl

a
b
s
cZo
s
a
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b
[+
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1 ¥ 1 ¥ | v | ¥ T o ] A T v T v 1
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Chemical shift (ppm)
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Figure 6. "HNMR analysis of (a) 3.7 wt% BzMA-SBR and (b)
7.5 wt% BzMA-SBR.
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—BS2 (7.5 Wt%)

e . 7.5% Na-XSBR
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Figure 7. FTIR spectra of (a) 3.7 wt% BzMA-SBR and 3.7 wt%
Na-XSBR ionomer and (b) 7.5 wt% BzMA-SBR and 7.5 wt%
Na-XSBR ionomer.
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3. Na-XSBR opo|-m2| S4

AR ]] ofo] @ .52 H|o] 4] iAol el o)
25 (glass transition temperature, Tg) ©] 114 A& & 2
= RojEth Blo|2A A= 1719 Tg & 7HA+= Wh,
ofo] @ em= 54 o] SlolA 279 Tg & Rl
ol o]&go] Frletd o2& e 2~H (ion cluster) AFo] 2]
Ha A7t ZAEA At 0|2 Q) o] 2EF 2] ~E €] mobi-
lity overlap ©] A|$HS WA F=d] o] & QIslo] F2]H o]
Ueh= AsS 7HAA Hol ZE Tg 7F el o]
e 2 718 Tg Folld A o= w2 2reolA veh=
Z10] matrix Tg )™ =2 LA YER= 79 cluster Tg
Sll=

Figure 8 ¥} Table 4 ¢l DSC & ©]-8-3}9] 3.7 wt% Na-XSBR
olo] 2 =M 2} 7.5 wt% Na-XSBR ©}0] 2™ 2] matrix Tg <+
cluster Tg & 79 A7E e SITth Bz2MA-SBR #= &
2] 7.5 Wt% Na-XSBR ©}°] =97} 3.7 wt% Na-XSBR ©}o] 2.
EHE T Aefol|l 8heFo] 3.5% Y W o S5l 1]
528t matrix Tg €} cluster Tg & YERHATE o] olo] -1
o] xo W feAo] AkS e AR e

2
BS-1 (3.7 wi%)
————  BS-2(7.5W%)
— Na-XSBR (3.7 wt%)
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8
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Figure 8. DSC thermogram of 3.7 wt% BzMA-SBR, 7.5 wt% BzMA-SBR, 3.7 wt% Na-XSBRionomer and 7.5 wt% Na-XSBR ionomer.
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Table 4. DSC of 3.7 wt% BzMA-SBR, 3.7 wt% Na-XSBR ionomer, 7.5 wt% BzMA-SBR and 7.5 wt% Na-XSBR ionomer

Materials 3.7% 3.7% 7.5% 7.5%
BzMA-SBR Na-XSBR BzMA-SBR Na-XSBR
Matrix T, 51.4 -52.6 529 -52.6
T,
Cluster T, - 9.8 - 9.9
v. 48 Technol., 30, 1347 (1957).

B oo A= third monomer 2 WA W ElolagH o] E
(BzMA) & AEst] A&f3t5ds &3l styrene - buta-
diene-benzyl methacrylate 5534 (BzZMA-SBR) & 31/d3st1
AlZ% BzMA-SBR = FASIHEF 7} 7k siit-e-= 58l
Na-XSBR ofo]e=m& AZakith. Alx¥ BzMA-SBR,
Na-XSBR ©}0] @ == FTIR (ATR), 'H NMR #4& %3]
45 golakint Al xE BzMA-SBR 2] #l A welol= 87
o|E 9] ke Anket Ayt ZH2} 37 wi%, 7.5 wit% = &<l
slth A ER Y 7HEEslE F 3l Na-XSBR o] 2.
W22 HHS-H == FTIR (ATR) 2 ©]4-310] 1729 em™ 2] ©
AHE 437} adh= 2102 #1513 11 Na-XSBR ¢Fo]
O] FAL .CO0- ¢ Na” 9 1566 cm™ ¥ 2 13T},
DSC #4123} A %% Na-XSBR ©}o] @ =r|= ul2]¢] ofo)
exmrt Zh= T NS fE ol (Tg) & 7ML s

S5}t

[‘

AR 2

o] A= AAAAE 2ALAT|ENLAFS] (10037176)
5} BR21 AR19] Q1] A flo 2 +auslsle] 2t =
=3

e
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