J. of Korean Ind. & Eng. Chemistry,
Vol.4, No.3, September 1993, 627-636

(TBMA)MacromerZE 2= EA|ZI 20|24 032
35eH 9 gdat =M

A2 CAEH-LAE

epoara TS st
(199313 8Y 29 A<p, 19934 84 30 =)

The Synthesis and Characterization of (TBMA)Macromer Grafted
Anionic Acrylic Copolymer

Hyoung-Ook Kim, Si-Tae Noh, and Shin-Chun Kang

Department of Chemical Engineering, Hanyang University, Ansan 425-791, Korea
(Received August 2, 1993, Accepted August 30, 1993)

2 oF:ulmRuE o4 Lol ofm¥ FAE Az fiste Fol =W F¥HoR TBMAS F4ssdxn
o}=% t}A] MMAS} TFHAIA obadA J=tzE TFHAS Azsdr). 2tze TFEAY Lol site F&FE Ao
7] 9l3tod (TBMA)whzLzmish MMA®] weight ®14-2 7/93, 10/90, 15/85, 20/80, 30/70, 40/60, 50/507}%) kA
A gAstgdnt. (TBMA)utaEm o) Lol 2 F¥AAAAE whe2xs -78CE #A38HA n-butyllithum-
diphenylethylene#] 7WAlAl AlAHlg Abgston) Az A4 weke] oF32A%E =stsl $18te] capping
material & benzaldehyde® AH43 &, methacryloyl chlorides} ¥H-g-A|zion}, W& Exjzk X2 (1.4~15)7} vebych. =
gt zetxe T34 e TBMAX p-toluenesufonic acid Zuv)2 7lpialdtdx F3HA2 triethylamined A48 53}
uhS-2 olzd ‘I‘Z]"] SoleAe Hojslgirh (TBMA)ulz2 e Brleks) Bxj2k 2o gt 54L& GPCE o83k
o) TBMA S 7}5-88) w3 tigo] ofad £x]9] 0|23} wh&-& IR3} NMRE o|§3tef E-43taict. (TBMA)Fs¥A
3 2 kAol fAdA aetzEe FFFANY (TBMA)vtaEw Exlgke] g 74x](branch) o] Ze]s} TBMA
& HEx|e] ARG Az Exlgpo] Ao (TBMA) vlaEndde 42 TBMA gfozr byl RS d4te] o
¢S gsith

Abstract: Anionic acrylic resin utilizing macromer(TBMA-g-MMA) copolymer was synthesized by preparing
(TBMA)) macromer using anionic living polymerization, followed by graft copolymerization with MMA macromer. To
control the anionic site content in graft copolymer, the relative composition((TBMA) macromer/MMA ratio) of the
graft copolymer was controlled at 7/3, 10/90, 15/85, 20/80, 30/70, 40/60, 50/50 in weight content. In the course of
anionic living polymerization of (TBMA) macromer, broad molecular weight distribution (1.4~1.5) was obtained by
using n-butyllithium—diphenyethylene initiatior system at ~78°C. To introduce the double bond at the end of chain in
termination step, methacryloy! chloride was reacted after insertion of benzaldehyde as capping material. Moreover,
TBMA parts in graft copolymer were hydrolyzed in the presence of p-toluenesulfonic acid catalyst, and neutralization of
graft copolymer with triethylamine was granted acrylic resin to anionic site. Molecular weight and molecular weight
distribution of (TBMA) macromer were determined by GPC, and the hydrolysis of TBMA with neutralization of acrylic
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resin were determined by IR and NMR. From water dispersion and stability point of view, stable dispersion state

appeared at low molecular weight(TBMA) macromer with a small TBMA content as a result of scrutiny about the
relation to TBMA content and branch length for(TBMA ) macromer molecular weight in graft copolymer.

LM B

=]
2-§-0] }*G}E} 1314 ﬂr7l‘“’HE *P*‘l
At 37109 183 f7)40)
7}7%’94 s 9 °1Zl°ﬂ EH"P °3‘$ ofz] FA Aol
T2 A4
= 744 ¢ -’r‘-—“%* }‘o _v--rZMl BH@ A7zt A
o2 97EHY vk FE4A FE SR 2EAE
Azxste 7 dubdel wiyle Rl 884
(emulsifier) & AH&38te] 244 TEAE ZAAZ &
o #4HX71= 3} %3} (emulsion polymerization)
of ol of A% TEAL 25402 sfo] At
J4o] 0.1~05 mm Welel ke etk ols)e
= A Fo7 kel A1 A 2 3
33 Ao Ay $43ht FRAHE FESE

HOP‘{,‘_E starch, cellulose, polyvmyl alcohol 50|

l..

i) 960L4‘>H°ﬂ oA AdstEs] A2k why
S REA a4 FEAE o 4dte

< 232 FHo 28715 =9dstw, 3
AE o83t o] HAg A 3 }~ #

TS A7 otk o] &9 FFd weha
FH o 7t2EA)718 29)ste] Gz F3HA
3t ol olulr)E ofAEAto L} A
O R FHATE oFol&de] ). o]er)E
e FHAC ZgE e Agid 9
Ab g FollA micelled As}w, ojqf
T471% 244719] w]&9el HLB(hydrophile-
lipophile balance) ko] 15 o]Ato]® soluble type<)
clear solutione] ¥|#, micelle®] §Jx} =7]= 0.054
m oJ&7b Eub wEate] BAfeke] ALY 45RI)
B A A 2717F 01~10mm AHE9] miky
white solutiono] ¥}, FHAA THAL Az
Wew Jetrze FEEA FAHe] AHEHUE
afzZE FFFA FAPL oln] FTsH U=
A2 Aoldt 4Ag Ad A8y DA ALgsle]
TF THAANA A& 5 de BA oS BAsE

-{n:

A

}

Sy my e koo
b e s e
HE Ko oop T og

2

433, A44d A 3%, 1993

ZEA FAe ofu] FiHe R e $aET 9t
JEE FEHHE AAHeR gy agzE
3 (radical grafting method)o] A}&xgjor} w
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(Scheme 1 #2).

23k 500ml F3

T

)

wt.of monomer
moles of initiator

Mw of Polymer =
2.3. SEEH &Y
2.3.1. 2l 58 g

AU TEUA BHE BEAA) HAR g
71l A Agstdon G2 MMAe TBMA:
27 Aldrichat 5345} 5454 B30k A
Aol AHstdch. A4 71F3kd4 MMA/TBMA
9] v]g2 TBMA 3ekg 10wt%, 20wt%, 30wt%,
40wt %, 50wt% 2 W3hE FHAM F B A
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Scheme 1. Reachtion steps for macromer synthesis
with anionic polymerization technique.
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Scheme 2. Reaction steps for TBMA graft copoly-
mer synthesis and anionization of the

copolymer.
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Fig. 1. GPC chromatogram of (TBMA) macromer.
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Table 1. Molecular Weight and Molecular Weight
Distribution of (TBMA) Macromer

Average Molecular | Average Molecular

Macromer Weight Weight Distribution
Mn Mw Mn/Mw
MH-T 4| 28K 3.8K 1.52
MH-T 7, 48K 7.1K 1.47
MH-T 25| 18K 25K 1.38
MH-T 40| 29K 40K 1.37
Where, K=1000

J. of Korean Ind. & Eng. Chemistry, Vol.4, No.3, 1993



632 ]

Ho

Transmittance( %)

1 | L ] | { 1

MH-T4
t
1
T
MH-T40
t mpm
|

Wavenumber(cm™!)

Fig. 2. IR spectra of (TBMA) macromer.

]
4000 3800 3000 2200 1800 1400 1000 800 600 400

3

| |
—(~-CH,~C—CH,C-)—

| I

co Co

| |

OMe O-CMe; 4

1 2

PMMA

3 4
(TBMA) Macromer j

|

(TBMA/MMA)

Radical copolymer

A 1 | } I ] ]
6 5 4 3 2 1 0

Chemical Shift, 5(ppm)
Fig. 3. NMR spectra of(MMA-co-TBMA ) copolymer.

2 % HolAe wdr)e] F4E ehin @ 9]

o ol vhaze] AAle) RAee] wako) u]dy]
o kol 33| A7) gl Aoz PFgw

433, A4 A 35, 1993

4

Me Me
—(4:};24::4—(@}124%—)— : 2

Co CO Me

(|)ME CI)R‘(—CHZ—#*)*

1
1 CO

|
0OCMe,
2
(TBMA) Macromer

P ————— 1 |

(TBMA/MMA)
Graft copolymer

hydrolyzed _
graft copolymer
3

Chemical Shift §(ppm)
Fig. 4. NMR spectra of(MMA-g-TBMA) copolymer.

Radical
copolymer

Hydr@

Wcopolymer i
t

Neutralyzed
copolymer
t

1 | | | | 1 | I
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000

‘Wavenumber(cm~!)

Transmittance( % )

Fig. 5. IR spectra comparision of hydrolysis and
neutralization of radical copolymer.

3.2. 3EEH9 8

Fig.3dle =& =z 33idez A3
(MMA-co-TBMA) #%3Ao) gk NMR %4 4
& PMMA 525349 NMR spectras} Wz, I
Algk 7ol PMMA 5% 2245 B o ~g =



(TBMA)Macromers 2} E A7)

(TBMA/MMA )
graft copolymer

Hydrolyzed
graft copolymer

Transmittance( % )

Neutralyzed
graft copolymer

L
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000

Wavenumber(cm~!)

1 { | ! 1

Fig. 6. IR spectra comparision of hydrolysis and

neutralization of radical copolymer.
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Fig. 10. Particle size of(MMA-g-TBMA) copoly-
mer with 7K(TBMA) macromer.
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Fig. 11. Particle size of (MMA-g-TBMA) copoly-
mer with 25K(TBMA) macromer.

0.2

10 50

Aol 7,00091(TBMA) v}z u)g) gako] 15wt %
o 20wt%<Q ITE  PEgA ol Fig. 9=
TBMA #efell ©h2 (MMA—co-TBMA) +5EA
Y=EA F4o2 TBMA #2o] 10wt% o]3}7}
AR ] 2717 Lm o) po] wm) S3a14) |

4] doja o] uraygic), 10wt % ~ 30wt %
M= G2 Z7)7h 1~0.3um HER 42404 of
AET Aol WAy o] uaslx) F2s1=

2232 TBMA 3teko] 40wt ojAto] =W g3}
7h ol 9l 2712 28 4 gy,

Fig. 10%-¥ Fig. 137}4=(MMA-g-TBMA) 33
$A9) Y=g Zyo= TBMA #eks}(TBMA)
vt 2 e o) Baleke) oje} wish 7}A] (branch) <)



(TBMA)Macromer& 22}~ E A] 7]

1.2 T I T

1.0 1

0.8+ |

0.6 N

Particle Size( ym)

0.2 L ] 1
10 20 30 40 50

TBMA Weight(%)
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(MMA—g-TBMA) copolymer and hydroly-
zed(MMA—g-TBMA) copolymer.
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