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Dispersion polymerization of MMA in supercritical COZ2 stabilized by

Fluorous/non—fluorous random copolymer

Won soo Kim

Department of Image System Science & Engineering, The Graduate School.

Pukong National University

Abstract

Since Carbon Dioxide (CO2) is a good solvent for-most liquid vinyl monomers
and a poor solvent for most polymers, it has been used as-a medium dispersion
polymerization. It has unique characteristics such as high diffusivity, liquid—like
density, zero surface tension, low viscosity, high fast mass transfer and tunable
solvent power. In addition, it is snexpensive, recyclable, nmon—flammable and
non—toxic. It also has advantage of easy separation from products and resolves
problems related to solvent remowal.

In this paper, we report the dispersion polymerization of MMA using poly (dihy
droperfluorooctyl methacrylate—co—dimethylaminoethyl meth acrylate) (p (FOMA—
co—DMAEMA)), poly(2,2,3,3,4,4,4—heptafluorobutyl methacrylate=co—diisopropyl
aminoethyl methacrylate) (p(FBMA—-co— DPAEMA)), poly(2,2,3,3,4,4,5,5—octafl
uoropentyl methacrylate —co—diisopr opy laminoethyl methacrylate) (p (FPMA—co
—DPAEMA)) and poly(3— [tris (trimethylsilyloxy)silyll propyl methacrylate—co—d
imethylaminoethyl methacrylate) (p (SiIMA—co—DMAEMA)) copolymers synthesize
d in this study as a stabilizer in scCOZ2. The effects of varying the concentratio
ns of stabilizer and monomer, reaction pressure upon the polymerization yield,
molar mass and morphology of the resulting Polymethylmethacrylate (PMMA) ha
ve been explored.
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Figure 1.7. Scanning electron micrograph of PMMA particle produced by

dispersion polymerization in COs using PFOA as the stabilizer.
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Y& dogz2 24843 F e 1 wE7]E AFEEY Cloud point(Hy, s8€H8)S 54
STk
2.2 23]

2.2.1 P(FOMA-co-DMAEMA) A=

2.2.1.1 Ao

Ao ARgsh @Al 1H,1H-perfluoro octyl methacrylate(FOMA, SynQuest)<}t
2-dimethylaminoethyl methacrylate(DMAEMA, Sigma Aldrich)¥& € €51 W(AL0s,
neutral,, Brockman 1, Standard Grade, ca. 150mesh, 58A, Sigma Aldrich) ZA %9
& IA YA A (inhibitor) & -~ AAT  *  CaHpollA —~ZFf/ste] AHE 33T
2,2-Azobisisobutyronitrile (AIBN, Junsei chemical)® Wer2= AZAA st GA| &
AF83}9 L, TFT, benzene, toluene> CalH:olA =57 33t COx(Daeyoung Co.,
99.99%), CuBr(99.99+ %, Sigma ' Aldrich), 2,2'-bipyridine(bipy), ethyl 2-bromo

isobutylatei= Z1*]g] §lo] Al&3}3 T

2.2.1.2 A FFFA Ax@Poly(FOMA-co- DMAEMA))

ARSAAZ AEE dd FFFAQL Poly(FOMA-co-DMAEMA)E Toluenes &1
2 gAY vl vy EolE 25ml E8~Fd FOMA 1g2 DMAEMA 1g&
CuBr 0.007g, bipy 0.023g, benzene 3g, TFT 3g3¥} 7] ¥Yir AALE 7] sfelAl 30

£ F¢F bubbling Al FHTE 0.007g9] ethyl 2-bromo isobutylate® Z@}2~3 WYHi= ¢

—

& ¥ 100CE 74, WStk AAR7] SlA 1247 F wSA F deow

YAANA S A AR Axd FT A 725 Figure 2.1 YeER AT
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| |

[ [

(TFQJE THz

CF3 |
H3C/ \\CH;._;

Figure 2.1. The structure of copolymeric stabilizer

Poly(FOMA-co-DMAEMA)

2.2.2 Poly(FBMA-co-DPAEMA), Poly(FPMA-co-DPAEMA) A%

2.2.2.1 Ao

Ao ALg3k wEkA| ¢l Heptafluorobutyl methacrylate(FBMA, Sigma Aldrich)$t
2-diisopropylaminoethyl methacrylate(DPAEMA, Polysciences, Inc)i A &1}
(Al;03, neutral,, Brockman I, Standard-Grade, ca. 150mesh, 58A, Sigma Aldrich)
Al FHAA FFLAA(nhibitor) & AT F CaH2elA FFatol AHESHSIT
2,2-Azobisisobutyronitrile (AIBN, Junsei chemical)® W&rE= AZAA st GA| &

ARE3FA AL, tolueneS CaHqoll A F7F3& )
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2.2.2.2 e &5 AA A Z(Poly(FBMA-co-DPAEMA), and
Poly(FPMA-co-DPAEMA))

AL A = AHEH e TS A poly(FBMA-co-DPAEMA) <}
poly(FPMA-co-DPAEMA)+ Toluene L= iR kA= 2 A] of 2
poly(FBMA-co-DPAEMA)(70:30)& =%, wt2dlg ub7l S8l 25ml Eeh=o|
FBMA 0.7g¥ DPAEMA 0.3g AIBN 0.01g, Toluene 0.5g¥} st ¥ar 70T~ 7}
A wkskgivh. A B97] st Al 12413F St WHEAIZ § A0 R YAAA WS

AA ANZHT. F5FA Q) -2 Figure 2.20] e AT

Poly(FBMA-co-DPAEMA) (€3) : Rf = (CF2)2CF;
Poly(FPMA-co-DPAEMA) (C4) : Rf = (CF3)sCF:H

Figure 2.2. The structure of copolymeric stabilizer

Poly(FBMA-co-DPAEMA) and Poly(FPMA-co-DPAEMA)

2.2.3 poly(SIMA-co-DMAEMA)9] A=
2.2.3.1 A%k

Ao AFg3 dEkAel  3-[tris(trimethylsilyloxy) silyl] propyl methacrylate

_17_



(SIMA, Sigma Aldrich) ¢t 2-dimethylaminoethyl methacrylate(DMAEMA, Sigma
Aldrich)+= &4 <51 (AI203, neutral,, Brockman 1, Standard Grade, ca.
150mesh, 58A, Sigma Aldrich) AR FHAA FFYA Al(inhibitor)& A AT
CaHooll A S §ske] A& skSith. 2,2-Azobisisobutyronitrile(AIBN, Junsei chemical)<
Hekgo] A2 o] AHA F AFESEITE. Methanol(Sigma Aldrich)©F THF(Sigma

Aldrich)= A A2 glo] o= AL&3lgich

2.2.3.2 WY F5FA AxPoly(SIMA-co-DMAEMA))
AP 2 AHgd AY F5A QA poly(SIMA-co-DMAEMA)E= Toluenes -&7j

2 gAYt viaylE v Eol9ds 26ml-Z8kA~ o] SiMA 0.5g% DMAEMA 0.5¢

FH

S AIBN 0.01g, Toluene 1mle} 34 Ya1 65CoAA 7FE wwtskgich ol H9]7)

sholl A 8AIZE Tt WA 2 - Ao 2 MAA AL S-S AR AZTE T T

m;

Al
%+ Figure 2.3 YeERHSIT

Iy &
-(-r_uz-c—)- b ‘%CH{"C%

| /x | 7y

C—=0 —

| |

= s

e I

(|:H2 N(CHai);

SI(OSI(CH3)3)4

Figure 2.3. The structure of copolymeric stabilizer Poly(SiMA-co-DMAEMA)
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T ExRFY BEAEES SAHSH] Y8 size—exclusion gel permeation
chromatography(GPC) HP1100 ¢} 4%#< A#(10°, 10%, 10°, 10° A)& AM&-a3int.
GPCe #4] &wlZ&+= THFE AFE3I3loH, calibration ZE]2E¥ ZTAIRE 3
oh FoEAY dFA &S 5437 9159 INM-ECP 4000JEOL)] 'H NMR ]
2 AL on, NMRe ¥4 &= CDCly/CFCLE 1:4 & Fyu|& Z33ato] AL
itk o)abster s WeolA FEEA9 Cloud point(Hd, 59 A)=AL 2 HsE #
2k 52 QI Aldpolo} Fo] @d 28ml AH|wE s 3¢t WSS o] gt B
ok Wbg7] R 9 2ES ALEste] UlR obEe 24t

o] Ab3ter A oA &A1 9 Cloud point =4S A W3zlE #Azdd 4= = Aly

l‘

ojef ZFol ¥ 28ml 2H Y2 aeF RhGVIE ol otol BRI, W] Ul-e] )

S FYS =12 3.368g2] COF TFRHES whg7] 5SS 49k ¢ vladg d
9o} A 0.05g¢ AHEAASL 1ge] MMAS Y& I Hl27|E2 65CE 71938t
345bar?] oAt etA S FUSEE tE AA A A9 MMAZF o] 2ks ek oA b4 &

Ae 5 diE=S AREste] MM s FEskE A Abstolo] FS &8 Cloud pointE 74

2.4 A3 2 31z

2.4.1 P(FOMA-co-DMAEMA)
A HA A E AFEE WY FT A= FOMASH DMAEMA®S] tfAl 714 &
Az v &R w50 FHuh(Table 2.1) w503 F5FAE= 'H-NMR #3470 ol&] &
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1]

32

ct.

L

ko] H[&EE AFE Poly(FOMA-co-DMAEMA)®] =  EA=FM,)

30k~40k(g/mol) AE=, ¥+AF FEZE(PDI, My/M))E 1.73~1.86 Alo] #& 7FHA L

o

GPC &4 Aol & = Udh.

KeN
=]

%o

(o]

~

A3heb s ol 49 Cloud point test 23 A3z ulFo] Hol FOMAS H|&o] 4

2 =2 (67:33), 1g]ar (50:50)e A vko] Z+2y 272bar$t 410barell Al & Ho]

=
o~
o

L 7 (38:52),  (34:66), (25:75)9] HE&Z  FAEAR

e
||\
i,
32
o
=

poly(FOMA-co-DMAEMA)E= =3 x7121 65C, 345baroll Al =A] okt). wapa %9
Aol kslek o] £/l FOMASl & W&} g7/ J7lsts Aol wsk AAH,
FOMA E 67% (wt%) X33+ ARG AE +£53F o)akglels (o] a3tk ad] 0.21%,

(W/v%)) WA 272bare] <+ 65T o 2LoA] Ed¥= WhH, FOMAS H|&o]

i

50%(wWt%)Z Fastd &3 Hol ¥ 2 IH(E L) 410barollA #S5EHS Il

Table 2.1. Properties of copolymer Based on FOMA and DMAEMA
Theor. Obsd.

FOMA CP in
M2 Molar Molar

Copolymer % g . Content  CO2
(kg/mol) Composition Composition Wt %)  (bar)®

W ar

(mol %) (mol %)° 0

Poly(FOMA-co-DMAEMA) (67:33) 38 1.73 44:56 41:59 67 272
Poly(FOMA-co-DMAEMA) (50:50) 29 1.84 25:75 25:75 50 410
Poly(FOMA-co-DMAEMA) (38:62) 42 1.78 18:82 17:83 38 N.s¢
Poly(FOMA-co-DMAEMA) (34:66) 34 1.86 12:88 15:85 34 N.§¢
Poly(FOMA-co-DMAEMA) (25:75) 41 1.81 10:90 10:90 25 N.§¢

? Obtained by GPC, PDI = My/Mn.

® Determined by 'H NMR.

¢ Cloud points of the copolymers were determined at 0.21 w/v % of copolymer in COz at 65T.
4 Not soluble.

2.4.2 P(FBMA-co-DPAEMA) and P(FPMA-co-DPAEMA)

F AR AWHIAAR AHEE WY FE3AE= FBMAS FPMAE COy-philicdh H-3&



© 2 DPAEMAE CO,-phobicdt BEo 2 %390 oH, Poly(FBMA-co-DMAEMA):=
Zv7y (65:35), (46:54), (37:63) Al 7FA ©E HZF H&E=Z TrEo Hu. agla
Poly(FPMA-co-DPAEMA)+= (71:29)9] H|&E THso] Hth.(Table 2.2) W3 &5

-

A= 'H-NMR 23 7]o] 93] &els it}

L

zke]  Hl&=Z  ARE  Poly(FBMA-co-DPMAEMA):= 37 2x=(0M,)
30k~50k(g/mol) AER, Bz BEZZ(PDI, My/M))E 1.99~2.54 Alo] ke 7FA 1
NS GPC &4 AFpoA & 4 AT

Table 2.2. Properties of random copolymer Based on FBMA, FPMA and
DMAEMA

M2 FBMA or FBMA or FPMA
Copolymer " PDI? FPMA feed ratio incorporated ratio®
(kg/mol)
(wt%) (Wt%)
Poly(FPMA-co-DPAEMA) (71:29) 45 2.54 70 71
Poly(FBMA-co-DPAEMA) (65:35) 49 2.34 60 65
Poly(FBMA-co-DPAEMA) (46:54) 29 1.99 50 46
Poly(FBMA-co-DPAEMA) (37:63) 17 1.77 40 37

2 Obtained by GPC, PDI = My/M,.
® Determined by 'H NMR.

2.4.3 P(SIMA-co-DMAEMA)

npx] 2 Al HA AR 2 ALEE BE FEe A= SIMASF DMAEMAS] Al 71HA]

o2 A v &= v5o] Huh.(Table 2.3) W5z F2&A= 'H-NMR 237]d <]

o

i Qs Sl

Zk7ke]  Hlg= AlZ¥E Poly(SiMA-co-DMAEMA)S]  FHd  ¥AFM,)
30k~60k(g/mol) AEZ, FAeF EEE=(PDI, M/M))E 1.57~2.06 Aol < 7FA|aL
Aee GPC &4 Aol & = AUt

Poly(FOMA-co-DMAEMA)2] Cloud point test®}i= Z8 MMASF o]Akstebs
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co-solventlo A1 ¢] Cloud point test A3 YA o]4stera U A FAla3 27]
o] s e 2o R o ibEtetA o MMAS EA= Qlal A Ao ® Fo3k o]
Abster A ol A9 Cloud point test 23 & Poly(FOMA-co-DMAEMA)eI| B u3-&
o, Cloud point(Z¥H F)7Ho]) wolzxl AL gelgd 4= it 7 Ay, 94| SiMAS]
Hlgo] Aoidem ¥& (89:11), (71:29), 1¥]a (47:53)¢] o= 77 235bar,

280bar 1231 330baro]A] Cloud point7} =7 ¥ 3it}.

Table 2.3. Properties of random copolymer Based on SIMA and DMAEMA

CP in
Copol My? —— SiMA feed SiMA incorporated MMA/CO2
opolymer
POy (kg/mol) ratio (wt%) ratio® (wt%) (bar)®
ar
Poly(SiMA-co-DMAEMA) (89:11) 41 2.06 90 41:59 235
Poly(SiMA-co-DMAEMA) (71:29) 58 1.81 70 25:75 280
Poly(SiMA-co-DMAEMA) (47:53) 28 1.57 50 17:83 330

# Obtained by GPC, PDI = My/M..

® Determined by 'H NMR.

¢ Measured with 5% of the stabilizer w/w with respect to MMA in 28.5 w/v % of MMA/CO; mixture
at 65TC.

\

5 4

rit

zbzbol M| &2 wEolz Poly(FOMA=co-DMAEMA), Poly(FBMA=co-DPAEMA),
Poly(FPMA-co-DPAEMA) 18 3L Poly(SiMA-co-DMAEMA) S A FA oz A =39

t}. 'H-NMR #337]¢} GPC #41<& Za] AAdgdAdel v&3 i A% 181

il
A

Ak B 55 o4 4 ) 18] Poly(FOMA-co-DMAEMA) 9] Cloud point testZ
ol WY FTFA L COz-philicst F29] o] 71 &5 o]4kste s Yoae &
e = 7f i o T A AT T3 MMA/CO3 mixtureol] A ]

Poly(SIMA-co-DMAEMA) Cloud point test®] ZA3¥} = w|FojHo}l Uddtxor HIE &

ashd A wTh olsteh elAe] Aol WelxE S mRAYNE BT
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St o]AkslElA o] MMAZF EAld o248 & Cloud pointZ7bF & Hr}, o= %
o) Al o] AkstER A Yo A o] EAabEsh Al MMAS o] HA AR H4E fees H3 ¢

o whA g @Ae] ol e o o4 FAHA Ram Aol dojd
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Els
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sheluk. el
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=

~
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s
<

3}

H g7

SIEIAE SHEo2H RS ©

}1\_]_'

7] WHZ ~20ml/ming £E=2 o]
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3] A
XN
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boae). ol Al st

S

A A

=
=
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%
R

+
o
o

il

—_—

A
R
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o

=
=

AV E 28.5%(w/v%)

g3 ©.

o] EANZ 1% (wth)S

o
= 5

todth, 7Elar A AlE 2ol AIBN

A} 83

g Agstgi. agn

1 2% (wt%)

9]

o] AMEAAE 2w FA o

} k. (Table 3.1)

S

65C, 345bar® AA

S
-

Eal

o X

o}
=]

2

AA o] 2SR A ol A 9]

=

e

A g

3]

nlgof Hl

=
-

b S dotry] fld 9o A9 Aol v

9]

]

PMMA <
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A o2 ¢FA3 PMMA 4A7F AlZ5 QW Poly(FOMA-co-DMAEMA)(38:62)% A&

_OrIL
2
=
=
>
il
rE
olo

7] F-dlo] 28.5w/v%, AIBNS R:=mo] 1wthzE S3S A3t o

o Hbe Al 2% ¥ AL 65T, 248bare]t}. (Table 3.2)

Table 3.1. Charaterization of PMMA particles Prepared at 2%(wt% to
MMA) of Copolymeric Stabilizer, 28.5% MMA/COs (w/v), 1% AIBN/MMA
(Wt%), and 65C with the Initial Pressure of 345bar

a

Exp. No Stabilizer Yield(%) (kg /;OD PDI® Dn® (um)
1 Poly(FOMA-co-DMAEMA) (67:33) 91 172 1.82 5.1
2 Poly(FOMA-co-DMAEMA) (50:50) 93 183 1.59 3.3
3 Poly(FOMA-co-DMAEMA) (38:62) 920 180 1.85 2.4
4 Poly(FOMA-co-DMAEMA) (34:66) 89 177 1.76 1.8
5 Poly(FOMA-co-DMAEMA) (25:75) 84 141 1.74 6.2

? Obtained by GPC, PDI = My/M,.
® Particle diameter.

ok 2AdAo)qks e A oA EAbEdE Al B o) ALe s A ek e <kA
A& otol 1 7] 9 & Poly(FOMA- co-DMAEMA)(67:33) <}

Poly(FOMA-co-DMAEMA)(50:50)& AFg3A Eieme] <Fks kg7  Fujo 3
14w/v%, 28.5w/v%, 18]al 40w/ve= ZAsFe], AIBNO <8 2w v 1wt%, A

HagA el & Bmm ] 2wt%s AFESkglal, 29k 9F# 2,65, 248 barZ A s}
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Table 3.2. Charaterization of PMMA particles Prepared at Difference
Concentrations of the Copolymeric Stabilizer
Poly(FOMA-co-DMAEMA)(38:62), 28.5% MMA/CO2 (w/v), 1% AIBN/MMA

(Wt%), and 65C with the Initial Pressure of 248bar
Yield( M,y?

Exp. No wt% of stabilizer % (kg/moD) PDI* Dn” (um)
1 1.0 86 195 1.71 -
2 2.0 91 211 1.76 1.8
3 3.0 93 246 1.93 1.7
4 5.0 89 181 1.82 1.3
5 7.5 92 190 1.80 1.0

? Obtained by GPC, PDI = Mw/M,.
® Particle diameter.

Table 3.3. Charaterization of PMMA particles-Prepared at 2%(wt% to
MMA) of Copolymeric Stabilizer; 1% AIBN/MMA (wt%), and 65°C with the
Initial Pressure of 248bar

. MMA in )
XP. n
P Stabilizer oy F R PDE  'Dn® (um)
No (kg/mol)
%)
Poly(FOMA-co-DMAEMA)
1 14.0 58 114 1.62 -
(67:33)
2 285 93 205 1.73 4.0
3 400 95 181 2.07 7.3
Poly(FOMA-co-DMAE
oly(FOMA-co-DMIEeS 14.0 55 99 1.55 15
(50:50)
5 28.5 93 192 1.92 2.5
6 100 94 173 2.15 8.7

? Obtained by GPC, PDI = My/Mn.
® Particle diameter.

3.2.2 Poly(FBMA-co-DPAEMA) and Poly(FPMA-co-DPAEMA)E ©]-&3t

AA ol st ol M o] EAkE e

_27_

=



FEqoz E4stE @A FBMASF FPMAE FOMAC Hl&] A& ulo] EAj3h=

E2ome] 47 Hom, ol olsigha A Foltshea RRom £ 4TS

o ¢}

-z
i

Ho]+= perfluorooctyl acrylate (FOA) Y%+ perfluorooctyl methacrylate(FOMA)E
AL+ Qe =dHorh. wepN oty Ade A7t HEE Axd
Poly(FBMA-co-DPAEMA)$} Poly(FPMA-co-DPAEMA)E % Ao A3 e A ol A

wAbEste 2 PMMA 4AFe] #4F oA 3t dxte] UA] A S wEo(R PMMA ¢

TAAR AA o] s A A EAETE WHE P(FOMA-co-DMAEMA)E AF-&-315)

& wol sodaH, o AFRAE AAD H kgl W A4 35T Fele] PMMAES
2L 5 Atk

SHITE aelal WbS Al 2% e X2H22657T, 34bbar= AT a8l Aol
AbsheRa ol A o] AR Al AHEAA AR A dis] PMMA YgAke] EEEXA
£ H7] 98 Poly(FBMA-co-DPAEMA)(65:35)% A}&3te] 77 mimweo] FA| H]o|
el 4, 6wt%E, Poly(FPMA-co-DPAEMA)(71:29)5 A}-&3le] 4wt% AHS F7h=
APty A tE 205 AUSHAE 2witd AHET AFF U3 x7o=

33t} (Table 3.4)
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Table 3.4. Charaterization of PMMA particles Prepared in the presence of
copolymer stabilizers

Stabilizer
3 . _ Product
Stabilizer concentration Yield(%) Dn® (um) PSD
morphorogy
(wt% to MMA)
-co-DPAE
Poly(FBMA-co-DPAEMA) 9 95 _ Clumpy solid
(37:63)
Poly(FBMA-co-DPAEMA
oly(FBMA-co-DPA ) 9 95 2.73 1.02 Powder
(46:54)
Poly(FBMA-co-DPAEMA) 9 94 3.00 1.01 Powder
(65:35)
Poly(FBMA-co-DPAEMA
oly(FBMA-co-DPA ) 4 93 2.33 1.08 Powder
(65:35)
Poly(FBMA-co-DPAEMA
oly(FBMA-co ) 6 93 1.19 1.03 Powder
(65:35)
Poly(FPMA-co-DPAEMA
oly( co ) 9 04 - Clumpy solid
(71:29)
Poly(FPMA-co-DPAEMA
oly( co ) 4 93 3.3 Clumpy solid
(71:29)

Reaction conditions: 25% MMA (w/v to CO2), 1% AIBN (wt% to MMA),
temperature at 65°C, and pressure of 345bar
PSD particle size distribution

3.2.3 Poly(SIMA-co-DMAEMA)E o] &3t =dA|e]stslets o Ao EAks

o
2
Iz
S

B 435t8 AASA A Poly(FOMA-co-DMAEMA)S} v Lsl7] 938k A2

=
ikt

o] AW A ZA Poly(SIMA-co-DMAEMA)S Al&s] Bl A=A Ade A

2
et
o,

HA o 7

A= o

e,
il

FLEAA AUGA- B = o]itsteta YoM e

M
2

Ay 7F4 o] Atk= H Y perfluoronated ¥ 313E3+ €] 344 fadol glok

rlr
o3
o
o
N
N
X,

9lt}h. Poly(SIMA-co-DMAEMA) Z}7+e] v &2 A Zsto] 2 A o)Ak

ek ol A BAFGOR PMMA QA9 B4 st A4k Al S-ggE wrEol

ul

Z oA oA g Er Ao A BEAEESE HH S P(FOMA-co-DMAEMA)E AFg38l9S o ¢}
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AFF A B 5ES Bohus] A FAW 2NN 4P AP AP 2

M2 ARgE X MMAE WH&-7] i F-alol] tigh FAM R 28.5%(w/v%)E AHE
aolth. 2elal A AR 229 AIBNS Rm=weo] EANE 1% (wth)E AF&atelth 1
kS Al 2% b 272 65T, 345barE A AT

Table 3.5. Charaterization of PMMA particles Prepared with various

copolymeric stabilizers

Stabilizer concentration M,* Dn°

Stabilizer (wt% of monomer) Yield(%) (kg/mol) PDI (um) PSD®
(89:11) 35 90 77 2.29 NA® NA®
5 90 31 2.78 NA® NA®

10 93 89 1.98 273 1.03

(71:29) 3.5 91 70 2.27 2.75 1.02
5 95 106 1.80 2.60 1.01

7.5 97 85 1.99 2.39 1.03

10 96 46 2.55 2.13 1.01

(47:53) 5 93 101 2.29 2.73 1.05
10 92 79 2.80 0.6 1.31

Reaction conditions: 28.5% (w/v of CO2) of MMA, 1% AIBN/MMA (wt%), and 65°C with the initial
pressure of 345bar.

? Obtained by GPC, PDI = My/Mn.

® Particle diameter.

¢ Particle size distribution (Dw/Dy).

4 Not applicable.

A AMBAEA L] dee oty AR A Ao A7) Aug

o,
2,
lo,
off
H

il

thesl stel PMMAYIARS] HelE E45k% o (Table 3.5), F WA

rir
a
kr
i)
off
i

WHslo] w2 PMMAYALS] FE|E #2351t .(Table 3.6)
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Table 3.6. Charaterization of PMMA particles Prepared at different

monomer concentrations with 5%(wt% to monomer) of various

copolymeric stabilizers

Stabilizer w/v % of MMA Yield(%) M* PDI* Do’ PSD®
(kg/mol) (um)

(89:11) 28.5 90 31 2.78 NA‘ NAY

40 96 96 2.16 5.01 1.01

(71:29) 20 94 84 2.55 NAI NA?

28.5 95 106 1.80 2.60 1.01

40 96 98 1.98 3.41 1.04

(47:53) 28.5 93 93 2.29 2.73 1.05

40 94 94 1.91 3.67 1.08

Reaction conditions: 1% AIBN/MMA (wt%), and 65C with the initial pressure of 345bar.

2 Obtained by GPC, PDI = My/M,.
® Particle diameter.

¢ Particle size distribution (Dw/Dn).
4 Not applicable.

Ao R HkE 2 T GEe] MR LSS we] wkEoiA s A dHE

ol® 7] 93 Poly(SIMA-co-DMAEMA)(71:29)5 Ri=m o] FEAu)d] 5% Al-&3}o]

o] ¢+= M=z H¥s}itt.(Table 3.7)

Table 3.7. Charaterization of PMMA particles Prepared at different initial

pressure with 5%(wt% to. monomer) of poly(SiMA-co-DMAEMA)(71:29)

Pressure(bar) Yield(%) M:? (kg/mol) PDI? D, (um) PSD°
248 84 81 1.95 Na¢ NA¢
290 94 96 2.03 2.79 1.01
245 95 106 1.80 2.60 1.01
414 93 99 2.24 2.21 1.03

Reaction conditions: 28.5% of MMA (w/v of COsg), 1% AIBN/MMA (wt%), and 65C
# Obtained by GPC, PDI = My/M..

® Particle diameter.

¢ Particle size distribution (Dw/Dy).

4 Not applicable.
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T EAHY BEAEES SAHS7] Y8 size—exclusion gel permeation
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GPCe #4] &wlZ&+= THFE AFE38I3loH, calibration Z2| 2B ZTAIRE 3
vl a3 A e vk vES =A38H7] 9)ete] INM-ECP 400JEOL)S] 'H NMR %]
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399t} Scanning Electron Microscopy(SEM) & Hitachi 3|AFA|#29] S-27002 AF&35}

o] 25kvoll A 7433t}

3.3.1 Poly(FOMA-co-DMAEMA) & ©]-& 3t = Al o] tbsthA ol A &

AR

A& e 2L A xH Poly(FOMA-co-DMAEMA) Z+zb v]&o] t)3l o] AFslerA U9
Aol 2k Al 2t s dotry] Sl Aldet Aol A= Table 3.13%
Figure 3.1°] YEW AT}

aE]3 &0 R Table 3.29F Figure 3.201 ZAlolabsleka o] Ao Ratz3 A
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Figure 3.1 Scanning ‘electron micrographs of PMMA particles prepared with
various copolymeric stabilizers at the cencentration of 2%(wt% to MMA): (a) 67%
FOMA; (b) 50% FOMA; (c¢) 38% FOMA; (d) 34% FOMA; (e) 25% FOMA; Reaction
conditions: 28.5% MMA/CO: (w/v), 1% AIBN/MMA(w/w), and 65C with the initial

pressure of 345bar.
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Figure 3.2. Scanning electron micrographs of PMMA particles prepared with
various concentrations -~ (wt% to . MMA) of the copolymeric stabilizer
poly(FOMA-co-DMAEMA)(38:62). (a) 1.0%; (b) 2.0%; (¢):3.0%; (d) 5.0%; (e)
7.5%: Reaction condition: 28.5% -MMA/CO:(w/v), 1% AIBN/MMA(w/w), and 65T

with the initial pressure of 248bar.
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Figure 3.3. Scanning 'electron micrographs lof PMMA particles prepared with
various MMA concentrations (w/v): (a)vand (d) 14.0%; (b) and (e) 28.5%; (c) and
(f) 40.0%. Reactin conditions: 2% «(w/w to MMA). of. copolymeric stabilizer
poly(FOMA-co-DMAEMA) (67:33) [(@),~(b), (c)] -and poly(FOMA-co-DMAEMA)
(50:50) [(d), (e), (D], 1% AIBN/MMA (w/w), 65C with the initial pressure of

24 8bar.
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3.3.2 Poly(FBMA-co-DPAEMA) and Poly(FPMA-co-DPAEMA)E o]&3F %
AA o) AkstEr A Wol A o] FAS S

TA Aol 218 o] Ao A z¥ Poly(FBMA-co-DPAEMA)$}
Poly(FPMA-co-DPAEMA) 2tz H]&ol thgh o]iksteta oA o] #4k5d A &4t &
HE dotry] 98 Fdd 2o AFE Yot AF 2L BRewE ALY
AZ 22l AIBNS Riewe] FARRE 1%(wth)E AHEsIlom, ZH7he] AW A=

Eiewel fAC el 2%(wi%)E ARSSHATh. SLEal vk A 2 gbE E312 65T,

& Z4 ki PMMA FALe] HEIZAE 17 akl
Poly(FBMA-co-DPAEMA)(65:35)F Ah-&ate] 2zt Riem o FAH|o| thal 4, 6wt%
&, Poly(FPMA-co-DPAEMA)(71:29)& ~AL-&8l e 4wt ATE F712 P
th.(Figure 3.5) 239 & ZUEL AWM HA S 2wit% A1E3 A97 T3 =7
=

33+t (Table 3.4) (Figure 3.4)
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Figure 3.4. Scanning electron micrographs—of -PMMA particles prepared with
copolymeric stabilizers at the concentration (a) P(FBMA-co-DPAEMA)(46:54) and
(b), (c), (d) P(FBMA-co~DPAEMA)(65:35) withir2, 4 and 6% concentration (wWt%
respect to MMA) respectively ; Reaction conditions: 25% MMA/CQ: (w/v), 1%

AIBN/MMA(w/w), and 65C with the initial pressure of 345bar.
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Figure 3.5. Scanning electron micrographs of PMMA particles prepared with
copolymeric stabilizers Poly(FPMA-co-DPAEMA)(71:29) with (a) 2, and (b) 4 wt%
(with respect to MMA) concentration. Reaction conditions: 25% MMA/CO, (w/v),

1% AIBN/MMA(w/w), and 65C with the initial pressure of 345bar.
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Figure 3.6. Scanning electron micrographs of PMMA particles prepared using 5%
poly(SIMA-co-DMAEMA) stabilizer: (a) (89:11), (b)(71:29), (c)(47:53). ; Reaction
conditions: 28.5% (w/v of COy) of MMA, 1% AIBN/MMA (w/w) and 65C with the

initial pressure of 345bar.
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Figure 3.7. Scanning electron micrographs of PMMA particles prepared using
different stabilizer concentrations (@) 3.5% @9:11); (b) 10% (89:11); (c) 3.5%
(71:29); (d) 7.5% (71:29);(e) 10% (71:29); (f) 10% (47:53). Reaction conditions:
28.5% (w/v of COz) of MMA, 1% AIBN/MMA (w/w):and 65C with the initial

pressure of 345bar.
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Figure 3.8. Scanning electron micrographs of PMMA particles prepared with
various MMA concentrations (a) 40% MMA and 5% (89:11);. (b) 20% MMA 5%
(71:29); (¢c) 40% MMA and 5% (71:29); (d) 40% MMA and 5% (47:53). Reaction

conditions: 1% AIBN/MMA (w/w) and 65C with the initial pressure of 345bar.
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Figure 3.9. Scanning electron micrographs of PMMA particles prepared at
different pressures (a) 248bar; (b) 290bar; (c)414bar [345bar is found in Figure
3.6.(b)]. Reaction conditions: 28.5% (w/v of CO3) of MMA, 5%(w/w to monomer)

of poly(SiMA-co-DMAEMA)(71:29), 1% AIBN/MMA (w/w) and 65C.
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