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Aglo) A 749 e AAGAY TTRS EEsie of gk g3Ye] WA} A A9 297
AT 2L @ed FaRoloA= oln) Moz olstEkie] ARA e ST il
S8} ghon, Zaele e Sy A 5 1 TS A 2 HISYQ BAT st o
29 884E WIle ATk B8 AAEn Q. A E IR AR Sl okx 98 & 3

o #HZol FEAFE o]RE WLz s gz
= Az FRHIAS Mdste] Fdslergint
2 2ellN s A 2dA ojatslekae) B4
G Jlesty #4VIE ANSHYAE Ba
o} &
3

e
1981 AgTist BIsketu (b

2 ) 1984 @2ae}y)ed Setap(AAD
: 2= . - 1987 @=3e7|% geka ()
Ao} TEPL Fsto] &3t Fofol| #at S e U 1987~ (PISK diEvled BaTy
At aat sl . 1993
. 1997~ ¥®]3 Univ. Texas at Austin
— 1999 HEAT
g 1993~ 2Adhsti FHRTER
. - = b A R
2. H| = EQUA OJAIBIEIL g W g

Synthesis of Molecularly Engineered Polymeric Surfactants for Liquid and Supercritical Carbon Di-
oxide Application

AW 334 RF IR (Kwon Taek Lim, Division of Image and Information Engineering, Pukyong
National University, San 100 Yongdang-dong, Nam-gu, Pusan 608-739, Korea)

ARXMEY 7l A 13 E 5 & 20024 109 633



Supercritical
Fluid

801 Region

Critical Point
60 (31.1C, 73.8 bar)

Solid

Pressure (bar)

407 Vapar

Triple Point
(57T , 5.3 bar}

T T T T T
-100 -50 o 50 100

Tempersature (°C)

a3 1. O|MHELA S phase diagram.

HE i

Sa4S 7bd Bolh > olg @ ga4ol
ojatEtRg F8Fokdl QoM BAEE FAH
o 2HEZ oA AS HE wopll $E3]
AsllM s AMBIAE AHEste] 84S ghela =
= ogd A2 FAIIE 7%l FesiA ®
o 5, olastdac] AT AEEYA ] BA
L7H AHGYAE olgst] AFEAE 4
SHAl 271 E o] B et

3. O|L=fEIAE AHEMYE S HA

3.1 24

FRol2ANA k] Sl AAE WA F}
T Yg¥t3el wFlUEE electrostatic, electro-
steric, steric 83} SolA| g}, ojatdleka ALAY
A FQeA L= RS YA (steric
stabilization) ®|7hW &t} YA &7
o2 g7 g8y A BAF ARt =
Holl T2 ZHolv} Q] WHos Fagojo}
gt} o]F B8t mEA A= AR gl
AdolM Az AFAY whReES Bojdtn 435
2+ $3E wAEhA) e} o

HYH f7IdoR FAHE AFHA FAqME
FEG B LRF M £ 2EA AAA)
2 ¥#4 g 53] hydrophilic—lipophilic bal—
ance (HLB)= 443 77)3e)A o84 74 A
ol gt Addl Sass dgdor Jehls
o2 ARSEAY. T o) kbsleadldAl =, o

/ Polymers \

CO,-Philic CO;,- Phobic
1.Amorphous fluorepolymers 1.Lipophilic
2.Silicones 2.Hydrophilic

a8 2. CO0 it S0 wWE DEXle 25,

AR FEFE B fol2A HLB thile
anchor—soluble balance (ASB)7} © A3},
ASB o]AtshE A oA Al st B
4 AE Audel vE FyFHow v
ok J2Eg AL V15g anEer w3
st7] fsiAE ASBS AWs 2Ho] 2 7E 9
Ashekdol ARE Thedt FEA TRA AHBA A
£ 7IRHO R olitshgtAf 74849 COp-philic
dET olatsigkAel] 81 BH A¥ (COy—pho~
ic)& 7}tk COz—-phobic A2 G A
o matr hydrophilic ¥+ lipophilico. @ F-&3%
o (g 2.

AREdAY gs WIS dBsle, o)
A aANA obgE Tdsof & Mg oA
e UEZ Al 4o oEsh= wigolt)
ZYA oltstgtaE UEe] wet AHEAAY
e Fole &dlgo] ¥k HE2 AALR
A% (critical flocculation density, CFD) &= =
E3 A4 JHAA Fh2 olatsleac) U W
sell we} AHEGA)S AP maH A A
HEH, Y7t CFDRY £& Z$ole olatslaa
9 &3=rt 7] o] ad 3(A) 8 2ok Zo)
COz—philicdt &0 ojabsiers: 4 Yz g3y
o Bt YA 7o) SO ek YA A A
< TEY ¥hEY] YErt CFDRY} Yol ga57}
#asbd COz—philice] #%3HA 2o (A8 39
B HC)). &, olislars H& A% (de)olM=
COz—philic &9 §3=7t F718k] QA 749
PA A FFE7t A7)A R, oAbzt AErt
oAy TR g Zaste] 23 A3
e AFTEA Z3] Wil AR 2ol AE &
Hate] 4 227 ojuA "ok
3.2 HiEH™A

oSt AE AWBYAE B o)Asteka
A, AWt ARBAYA 7} oil-water Al 223
= A% A dghEel 9t AlE b3k
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p>CFD
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p~CFD
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p<CFD

©
38 3. O|M3FEA LHoiA X HYS ek,

0t} o]RAE FE AWGAA 3 AAG3)
A7¢ Marangoni—Gibbs HFIUSo7 Awm
T Ren, AEEEA] 28 2%, pH, 9%,
53 2L AlQ WEEo] Yl TAE R
E3} oAl AR AE AllA A"BAgAe 9
8t okAg3lel REEX = oil-waterdl9 GAFSHA
vj g < (formulation variable) ¢} AW & A &
To) 4 “fish” Bk plote® AgE & 9
O3B 9.7 9714 durAQ WSS 9ot o]
Arsteba el g Bdste] e WMsv) o)
A4, oil-waterAlol XS] Adg&Ad=9) HLBS &
<2 719 HCB (hydrophilic—CO2—philic balance)
7} 3= A $e HCB gl AdgAd A
7} olgtetA g ABEle] W AEEE JRE
W/C old#o] A=, & HCBioIAM = AR
A7 E4E A3l 22 HETe /W od
Ho| Ak “Fish’2] #g 7 1l 2 4
7} ol AbstekA AR g S7te] odAE A4S EE
sk A RS Jehdth “Fish o) 7kl 214
2 balanced state® AWEGA7 4% A4S 2F
g AHE Uehdoh o]FelAE AEEY
(po] SolAlx dH T LE Yolx A )
ARG A Atz st 53 ek

AFZXAsta 7l A 13 @ 5 5 20029 10€

Surf. Concentration

Log (v)

Prefers hqud

Feasy
—
Surfactant Surfactant
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Pressure ———p
Temperature —p

«<— pH
<4— Hydrophilic / CO,-philic Balance(HCB)

8l 4. Water/COy/surfactant HgH B4
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3+, acrylates
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rlm
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SOy

Pk

o
~l> > op F}O
BN

b z2olN Sl Abs

¢
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9 BFAY Fgo] of

nitriles 5 B3 % “%T‘}
o) d.8. ].
=

9 5 9 3He AT Aok ey Lol
2 o] WFAG ANAY v zHs e B}
) WAL bsse BEate FRAE 2 4

At

GTPol AH8-5HE AAAE AWM Z silyl ke
tene acetals [1]°] AH-&-¥T}H(Scheme 1). 10] v
o A stellA AMAREEE SHAl E9, trimethyl—
silyl7]7} &A= o) %-8}o] silyl ketene acetals 5
ol Eeel Al HAEE Zlolg [2]. AANEe
AA] 2 oz AgEe] FIFH o7 YekAs}
B AR Eo] S P48k g GTPel A
FHe F9 TRE A I8 o9 QAR
7 7z 72 5 Qo Bifluoride ©&
(HF2 ) # bibezoates7} 7} &37} 22 2814
Zujjold, ©]9]e] cyanide9} azide® &3}t R

—unsaturated ketones,

OMe OMe

N oSi
MeCH—coome —PNEL o MeZC:(L— ol S

Me,C==C——O0SiMe,
1

OMe OMe

Me,C—C=0

HpC—C===C——O——SiMe;

Me  OMe

AAAY ZwlE= zine halides$t alkylaluminium
chlorides$} #&& Fo|A 4lo] Abg €T} GTPY
AHEE 5 Qe E0le) BYE Sl 3] A
o wjgte] tieksiel. THR7 &3] A5 A9 ethyl
ether, toluene, DMF, acetonitrile, 93} ©&4
59 W= ARSE 5 Sl

GTPE &0l Fgox A3t o#e poly
(dimethylsiloxane— /—methylmethacrylate) (PDMS—
b—PMMA), poly (dimethylsiloxane—h—metha—
crylic acid) (PDMS—5—-PMA), poly (dimethyl—
siloxane—~ b—2—hydroxyethylmethacrylate) (PDMS—
b—PHEMA) §9 AZAA 2F8A9H% poly
(2~dimethylaminoethy! methacrylate—h~1,1'—
dihydroperfluorooctyl methacrylate) (PDMAEMA—
b=PFOMA) 2] Z3 o] Agsict?
4.3 Controlled Free~Radical Polymerization

glgz 28 ogg =3 nhHo g A 23 2
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= @S 7k
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Hol ddiHeg g Wk ohuyz} FEA Bxb
Z ZHo] 7hsdty] Wi, o) 7lEe
Ei} Sl Al EFA 2 Sgo] FH3bsto] ok
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radical polymerization, ATRP)o] &=} AAE
QA S e o] A=)

4.3.1 Iniferter Controlled Free-Radical Poly-
merization

Controlled stz F3H-& Otsu Sl 25k
19829l ez wuHIE* Disulfide 33
ol 9% ZAEAY FHolA Azt wet 2
AwFo] Frbehe RS WASIAUL, ol#F disul-
fide 81358 initiator, transfer agent, fermi—
nator® ©}&& WA inifertergbz G &3t o]
Al 2ReM e o 28 97 R-M )7 &
S-S MAE £ glE ¢AT ok 2 (S )
I MZ FYHE o]FA €t} (Scheme 2). °] 7
2 dithiocarbamates, phenyl ethanes, phenyl azo
spetEol #aEY ATHAT niferters Foluk
F5er whgell oJate] &3k 4 gl disul-
fides, phenyl ethanes, phenyl azo 33E =2
thermal iniferter2 dithiocarbamates< photo—
iniferter 2 7HEE O

UuEE © 2 iniferter]2 #Ah
RS PG F glon mEAe] Pl A4
7NE XEE T Y3, EE FSEAY T4 A
afct o] WHE poly (2—dimethylaminoethylme—
thacrylate) (PDMAEMA), poly (2—hydroxyethyl—
methacrylate) (PHEMA), PS, PVAc, poly (1,1'-
dihydroperfluorooctyl acrylate) (PFOA), poly
(1,1'=dihydroperfluorooctyl methacrylate) (PFOMA)
59 ¥ W9 hidrophilic, lipophilic# &3}
gatpdd] TEAY e anzoz olgd
r} 2324
432 HXFHO| 2iC|Z S (ATRP)

Matyjaszewski group¥® Sawamoto group©]
SYHoR Hol F£0] living free—radical po—

lymerization& &Xshs A& @stasEy &

Scheme 2.

S=XtAEE 7l A 13 ¥ 5 & 20029 109

R

21zl ATRPE= @)z Z3elM A28 g
7bA ko o] W ow Exp 23} woh
U FIK 1.3) 2AFH #4720 2389 12
zZke] Aol 7HsetAl =Hdrk ATRPL iniferter
Hel nlsi= W7 X9 styrenes, acrylates
methacrylates, fluorocarbon 59} lipophilic @k
AL Fgrel vl #ZIHolH acrylamide, vi—
nylpyridine & F/4¢] e @FAEE TTol 7}
S5 A0E dEA gt o] WY EALS F
g o] 27)o BT AAHY FIire F
Yz w27 A dAEHA FAHAA Aol st
solut FAREEo] dojubz] o1, Scheme 30iA]
o} o] FRZTH AT 9] wE FHYEE o)
gstel 2 FEAE AL 5 U o)A
R-M - & Ad&ste dz2zAa FHF P-X9 3
FRee AT a8ja FHFe 28] dRE
gho] &4 oz dsislel dekdg wheel
“37k-go] At o]gh o] A gy
57 2oEA =Y sgg-sygg ukge] 9%
AANREe] 57t AR oz ZashA
e AEE FAE F A foh
ATRPE Hdolg4 e w9 gy &
A stellA alkyl halide® A A2 AMgsle] 28
Ho #0225 Cu(), Ni, Pd, Ru, Fe §o] £2& 3
HE vetdch 27 42 X)) = Atssd T3
o4 7}994<Ql endcapping £o% Z&sto] F
T AEANN & FHOE olFFh H=9
Ae, M 239489 2teE 2 2'-bipyridine &
ZAlel alkyl amine A% chelating ZEE
AT AAIAS] AEE Baler 9 Balek B
zZHst=d QloA ol Foth AAANES S
57 AAEE SRR Aok a1 BE U} FolA|
o, a87] feidE 4% FaFe e da-X
TR ok AgS AAY Had g 2T
Zt= R-X 3gES AMsjof 3t} gaxdte

i
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Re .+ M ———> R— Mo
I K ()
R— Me Cu( )X —'—Va“ P—X 4+ Cu
Kzleuct
Scheme 3.
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HIFgRr gETrt ma, 718 2AL0E 20UA FEHoEE HAFE Ay &3
AFESlE AT QAT FEZ toluene xylene, FEE & F Yk FHAEFE] A= Fo)
diphenyl ether$} %2 v Lo ARgsich o] e} Rt AAH7) e Rk
ATPRE PMMA-p-PFOMA, PS—-H—PFOMA, F&o] ¥A "o gz E Ao ek £
poly (ethylene oxide—A—1,1'-dihydroperflucoctyl &, BE22XA A Ao BAEgy f3lEd
methacrylate) (PEO—h—PFOMA) 9] Aol #+& of &3 A7} gol A} H BAEHI &
A AgETY st el oA 71 HAAA Q4= AEEAA
otk iyt vkl f3ht BAIETo| AlgH
' B3l AYEdA s dido l‘% F7178 o
5. IEX} AHEMN 2l S8 sto] MASEAI] w2e, ojatstgkastelEs RE
B84 Yehdth® ey E%‘E] oAbt AE
5.1 O|AHEIEIAL R RARSES 28 Aot A2 AHEHAE Ay FAsh= Fo]
ArtH 0 2 H'd ©FAE o]iksleie 2 %4 =931},
T g2 pEAE olAtsE A F3] W o[ ARstREAA| M BAF Uboll A AAHH L =+
$HESE BAE? ojudus B84 T8RS 7] 918to] AR EE AREAIA HElE CO—philic
—tonop ) o —fororhforort
C|>=0 CH2:|C c=0
5 0
CH,(CF,)¢CF3 (|) CHs; CHy(CF2)6CF3
CH,CH,CH;—-Si—0—-
CH,
1 2 3
CH3 CH3 CHs
CHa —(CH2 ~C—/~CH;~ c—/—cm——c—é——
_ l_ <o
—FcH, CH-‘);(—Sll 0¥+ 4 ? o 0
CHs (I:Hs CH,CH,0H CHZCHZO-C—'CFfO-CFz—’CFtF
CFy CFs
4 5
CH3 ——{or—on—fcH—or—)= CH, CHa
~(‘CHz—CH—)"(-SI“O—)— o " <::=om —-CH,— (': —t CH2—<|: ~m
? CHs {0 o <,:=o c’::o
§=o S CHy(CF2)6CFs cl) CI)
CHa |
CHs;tCF, ), CF;  CHy
6 7 8
THa CHa TH3 (':H3 T o
—si—o)—+on —c—)—— +Si—o —}-(-cur—(l: Eas CHz—(i7 I F—(—CF-—-CFE—O)-CF—C—NHz
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H 1. YAt YA ojMBIEANMO BASE S35
Monomer (s) Stabilizers Ref(s)
acrylamide amide end—capped poly (hexafluoropropylene oxide) 38
2,6—dimethylphenylene oxide PFOA, PFOAA B9 534, PS--PFOA 46
divinylbenzene and ethylvinylbenzene PFOMA - /-PMMA 35
methyl methacrylate PFOA, PDMS~5-PMA, PDMS-A-PMMA~4—PAA 32, 36, 37

PDMSAtNHZA, 844 T8I E £ B2 F23) 33

styrene PFOA, PS—-H—PFOA, PDMS, PS—A—-PDMS 23,34
FVE-MVE £% ZZ3H 47
vinyl acetate PFOA, PDMS, PDMS At PVAc—b—PDMS, PVAc—h—PFOA 24
vinyl acetate and ethylene PDMS, PVAc—5-PFOA 24
glycidyl methacrylate and acrylonitrile | PFOMA, PS~5—PFOA 48
1-vinyl-2—-pyrrolidone PFOA 49

& GdF A, COz—philicd ¥ 3 CO,—phobic 3§
A s TEE WH/EE/TYZE ZTEEH)

2} COz—philicst 984 Ad) ©@3k4] So] <A
ATt @A7EA] olabstebae] EE whe gL
e 248 024Y E4TERY AgE a2
A Jzolth, 2 poly (ether—carbonate) &=
A7} ol dste Aol BaA mRe] Wil
AL e Zor RuEHdou! Auay
Aol g 348 H2 o] Q1= gt o4t
saolA 22 45 Hols YEAH AWg
AAEE I8 5ol Yehigich TR
PFOMA, PFPES} PDM & COy—philicdr A&
2%, PMMA, PS 5 ®3544 28AE COp-
phobic 47 AE-22 A3t Zlo|t} o5& o] ¢
sto] QA o]abslekio A thoksl whekso] Bk
ol ATEHUeH, 1 A7t B 19 Fe=o
19949 *-2° =2 DeSimone¢] YA o)A
steiolX MMAS BAHEgol #Bste] 2HEsled
o2 ks B AEE O 90%) 7

O]E\__.

o =

= I S
= (>3,000% FH3t7] Yste] AAzA
PFOA € &4 (DE o838t 382 65 C

gk 207 bare] o|irstgAe)A e om AIBN
Ex AIBNY £4 FEAZ AAAZ AFEE
ol 73 uRA} U= CO.9) 73] 93}
o] W EFEEFEH 44 Reggon 1-3
pm 3718 F2 A BEE s = 78 Qas)
BAEJAGTB 6). = CO7F 1EAE 7hAad

A7l FEE At 18R 97 S0z e
A i 47 stel & ABER Weo] WAy

HEE sigith wbde] HgA glo] 4w wree

S ABE (< 40%) € YT G ole
¥ AAFRoRRY dojznl TRAE 2RHHQ

DEARE Jls A 13 @ 5 3 2002d 10€

38} 6. SEM image of PMMA particles produced by
dispersion polymerization in CO,.
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°]31& PDMS A= PMMAe®] st
of @7 &g & £ QUv) fFolth
Poly (MMA—co—HEMA) 37 31} poly (per—
fluoropropylene oxide) (PFPO) &M1& 7IX= 1
HZE FFZFA G)E TAAE AHESte] PMMA
£ FAagt? antHel B 23e 6}71 HﬁH
M 7;_1017} Yol F-2E AT
ojok k31, FEF CO0NA Ad 844 <) %—BH
21871 sk 74849 PFPOS U&7} %E—EHOF
sh= 710 Yehdth 5% poly MMA-co—HEMA)
9} acid chloride @&71E 7}x= PFPO 719 &
& 9kgell Y3ty A== dch,
214 C02°ﬂ*1 FEY ES
o styrened At T AE T3 243 @
TEHAE? PS A7 B3} PFOA £ PDMS
M EFE XEsE ARBAAI AL Eo T
o PS A7t wjAg olst @ve nka 22
o9 HHEA, & FE O 909 E AZHA
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