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Abstract : Supercritical fluid technology (SFT) is recently one of the most new techniques, which has been interested various
fields of related chemical industries. SFT is the most effective and practical technology with eco-friendly, energy-savings, and high
efficiency as the technique using the advantages of supercritical fluid such as high solvation power, solubility, mass transfer rate,
and diffusion rate. Especially, it is necessary to analyze, evaluate, and develop the potential of application techniques using SFT
with these characterizations. Therefore in this review, the phase behavior in supercritical fluid at high temperature and pressure of
monomers/polymers for the optimization of polymerization process are briefly described, and the preparation of molecularly
imprinted polymers (MIPs) in supercritical fluid using supercritical polymerization and the performance evaluation of MIPs are
introduced.

Keywords : Supercritical fluid technology, Supercritical polymerization, Phase behavior, Molecularly imprinted polymer,
Selective separation
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© High diffusion rates
© Low viscosity
© Low surfaces tension

© High density
© High solvent power

Gasy Liquid
Propertiess= . |\  Properties

Supercritical
Fluid Properties

P™No use of organic solvent

D No residual solvent

D> Easy reuse of supercritical fluid

D Easy control of solvent power

> High Mass transfer rate

D Single operation and energy-saving

Thermodynamic &
Kinetic Properties

D> High solubility, selectivity, compressibility
D> Low viscosity & surface tension
D High diffusion coefficient

Figure 1. Characterization of gas, liquid, and supercritical fluid
properties.
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stot gl EAke] etz Qlste] =53t JES 1A Hok
272 F9]9] =8 Wr(local density)+= U Uk (bulk density)
Hop 2R wohal givh & 8 =919 24 = dA 9™
FHolA sl Haketttar g A ek & 2dAFAS 7t
A FE g X|= EAL Gl SK(clustering, local density augmen-
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AFsHHEE-S(supercritical water oxidation)of| A= &2 U AATE
2 5t Whg- 8= A ARSI 2 YA 7HRt-S(supereri-
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2 Al8-%&= GAS (Gas Antisolvent), ASES (Aerosol Solvent
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Figure 2. A group technology classification of supercritical fluid
technology.
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Figure 3. Overall outline of supercritical fluid technology.
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Table 1. Current research status of supercritical fluid technology
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Supercritical

Polymerization
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=5 9 Frf. 2L AEARRE Folfls Sww, 8, 1 Figure 4. Advantages of supercritical polymerization.
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Low friction ' " Flame
characteristics resistance

Weather
resistance
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Figure 7. Schematic representation of molecularly imprinted poly-
mers.
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Table 2. Design and application of molecularly imprinted polymers

Templates Application

Amino acids and its derivatives | Separation and binding,

[42-45] Synthesis, Assay and sensors
Aniline, phenol and their deriva- Assay and sensors
tives[46] Y

Separation and binding,

Drugs[47-49] Assay and sensors

Separation and binding,

Herbicides, Metalions[50-52] Assay and sensors

Nucleic acids and its derivatives | Separation and binding,
[53,54] Assay and sensors

Polynuclear aromatic hydrocar-| Separation and binding,
bons[55] Assay and sensors

Separation and binding,

Proteins, Steroids[56-59] Detection

Separation and binding,

Sugars and its derivatives[60] Assays and sensors

A 220 ALLE|Q o, 91 FAS vlo] QAIA Q] B
=5 4850 25 55 Zoli 2ol AvolA 87
ol S el o Bl ol
A 7H‘:'EH°* o, o]k uhZ o] &3k AL}t 2 Al
280 g2 A7t ’ﬂ‘%‘ﬂ AUTh FARIA L EA = =
slha Aol v S4=5hm, 71 A 2 Ql Al 7] (stress)H AL,
o W 4k 917] SolHE 28 APES dehle Aom 1
oA Qth ARE BEAlAnEAL Aol A g
o] 2278 oAk WS} 2= o) o ZazpE| UHEALE BF 4= 9l
e 7HA 5 gk ol g BALRIA B} A xo] Tt o
S 1990V of w2 olsiol A SHom, Tt ohuieg)
frieAof thsto] FAFeIA] EAF R o] A F7HA] g
= shebEol thh EARQ1A] ALEAZE Al o] HilEglon,
FARRIA L ZA 7 A2l DR O] SlehEo] thsho] Table 29+
2t} olgjdt B4 7H BARIA At gigk w4l e
3] %7]-6}31 ‘R,IED% 2o = A & }SH(material science)T}

L 524 gxpelyt 1 ELS
ojafet=t] =S E‘i—zr‘” o 2 10A7F 13 Wt
At Fe2 #iskE A L%— A ALEo] Yot 28y HE &

o] % , T & 7) o] 5(Capillary Electrophoresis ; CE)
o] Jfdta} oFE whE wl) E 2] A (drug-release matrices)@} 7S
= A
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ol Mz 71e9 =S e skl Qle AAolth 71
BHZHQ EAAA 1 EA Al HAFFH(bulk polymeriza-
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%-%}(Solution/Precipitation polymerization), @EH(-F-3H) &
(Suspension/Emulsion polymerization)& ©]-835}¢] E2}014] 11
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Figure 8. Development, application, main research fields of mole-
cularly imprinted polymers.
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Figure 9. Various preparation of molecularly imprinted polymers.
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Figure 10. Experimental apparatus of high-pressure phase behavior.
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Figure 12. Method of supercritical polymerization.
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Figure 13. Preparation of molecularly imprinted polymers.
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Figure 16. Contents of overall research.
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methacrylate system at 40, 60, 80, 100 and 120 C.
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propyl methacrylate system at 40, 60, 80, 100 and 120 C.
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Table 3. Effect of molecular weight and AIBN concentration by
polymerization of 2,2,2,3,3-pentafluoropropyl methacrylate

AIBN (wt.%) My Mw/M, Appearance
0.05 62,000 1.13 White powder
0.10 45,000 1.35 White powder
0.20 43,000 1.36 White powder
0.50 29,500 1.78 White powder
Aldrich Co. 5,500 1.95
PPFPMA - 0.50
o o o e *® om0 0 a0 0 \‘.\. ..—"._.,—...-.---.a—
= S 7
= L PPFPMA - 0.10
; r 75.0 °C
Q PPFPMA - 0.20
23 o sesssssscccensnsstes
£ feeseenetesennessnnnnnn, 75.9°C  ,eo*
PPFPMA - 0.05
= 76.4 °C
78.6 °C
50 60 70 80 90 100

TEMPERATURE / C
Figure 20. DSC analysis of the four PPFPMA.
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Figure 21. Phase behavior for poly (pentafluoropropyl methacrylate)
(3.0 wt%) in liquid scCOs.
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Figure 22. Phase behavior for the poly (pentafluoropropyl me-

thacrylate) + liquid carbon dioxide by initiator (AIBN:
0.2 wt%).
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Figure 23. Generalized P-T phase diagram for polymer-solvent
mixtures exhibiting a U-LCST boundary. F : Fluid, LL :
liquid-liquid, LV : liquid-vapor, and LLV : liquid-liquid

vapor.
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Figure 24. Experimental cloud-point curves for the Poly (NPMA)
carbon dioxide + NPMA system with different NPMA

concentration.
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Figure 25. Effect of the phase behavior of P (IPA) dissolved in
supercritical propane, propylene, butane, dimethyl ether,
carbon dioxide and 1-butene.
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3 Preparation of functional fluoric copolymers using supercritical fluid polymerization

ivaluation of phase behavior for eco-friendly supercritical fluids of fluoric polymers

% Development and optimization of high functional fluoric copolymer
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Figure 2é. Final objection in this research group for the preparation
and optimization of high-functional fluoric copolymer.
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Figure 28. Expected effectiveness for this research.
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Figure 30. Scatchard plot analysis of the binding of aspirin to as-
pirin-imprinted polymers and control polymer.
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Figure 31. HPLC analysis for the selective separation and the bi-
nding of aspirin (AS), salicylic acid (SA), 3-hydroxy-
benzoic acid (3HBA), 4-hydroxybenzoic acid (4HBA),
1,2,3,4-tetrahydro-1-naphthol (THN), o-toluic acid (o-TA),
m-toluic acid (m-TA), and p-toluic acid (p-TA) on each
MIPs.
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Figure 32. Effect of pH on HPLC analysis and adsorption equili-
brium amount (a) and UV absorption spectrum of AS
solution with the change of pH (b).
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Figure 33. Effect of temperature on HPLC analysis and adsorption
equilibrium amount (a) and UV absorption spectrum of
AS solution in 35 C (b), and 45 C (c).

Figure 34. Photograph of experimental apparatus of supercritical
polymerization and SEM image of polymer prepared
using supercritical polymerization.
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Figure 35. SEM images of BPA imprinted polymers (BPA-IP) and
2,4-D imprinted polymers (2,4-D-IP). (a) BPA-IP, (b)
BPA-IP removed BPA as template, (c) 2,4-D-1P, and (d)
2,4-D-IP removed 2,4-D as template.
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Table 4. Selectivity factor (o) of prepared MIPs for various ad-
sorption materials with functional monomers

Template
BPA 4,4-BPh 4-iPP Ph
BPA-IP (AA) 1 0.482 0.438 0.326
BPA-IP (MAA) 1 0.399 0.377 0.308
BPA-IP (4VP) 1 0.252 0.203 0.207
Template
2,4-D AS o-PA INAc
24D-IP (AA) 1 0.449 0.402 0.431
24D-1P (MAA) 1 0.433 0.390 0.373
24-IP (4VP) 1 0.202 0.208 0.215
Template
AAP | AS BA SA | p-TA | INA
AAP-IP (MAA)| 1 0.392 | 0.326 | 0.352 | 0.273 | 0.395
AAP-IP (4VP) 1 0.272 | 0.236 | 0.240 | 0.251 | 0.223
AS-IP (MAA) | 0.297 1 0.235 | 0.232 | 0.204 | 0.227
AS-IP (4VP) 0.243 1 0.212 | 0.172 | 0.200 | 0.210
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Figure 36. Binding isotherm of (a) BPA-imprinted polymer (b) 2,4-D-imprinted polymer (¢) AAP-imprinted polymer and (d) AS-imprinted
polymer.
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Figure 37. Selective adsorption of (a) BPA-IP, (b) 2,4-D-IP, (c) AAP-IP and AS-IP for materials with structures similar to templates.
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Figure 38. Adsorption amount of AS for AS-imprinted polymers
with methods of polymerization.
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Figure 39. Final objection in this research group for the preparation
and characterization of molecularly imprinted polymer
using supercritical fluid technology.
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Figure 40. Advantages and application fields of molecularly im-
printed polymer prepared using supercritical polymeri-
zation.

WEA AE T, ol B B B4 THS AHor 1A
o AT 4 Ut BN EAE A 4 Uk aEE
2 %3l §uE Foln, T washt B4 adoly] HE
of B ATLE F3) WA SulcCONE G A FF

2 o) g% BAANTEA T o)A MRS WA 7}

4% At g Ee, S-8u9 w3 WY olet
o FEIchFigure 40). 2 AT AL 2A FHS ol g3t
of BAIANEAE A25T B4 FABL HuA B
A AZA, o FAEAGEE AR el o

EAE Az &, S b2 FEAe S Bt
Atk Egh 2 Atol HF F3x 2AA Ve o8 F
ﬂ‘ﬁ«l x%l?%lmd stelat HPLCE Z 9, WEQl, vpo] oAl

2, QCM Al Fof A-gsto] HH e Ed5& AAsIAL
BUE YL 3114} stehFigure 41). 2 Aol A At 2
AA TS o83 EARIA LA Azt s H7tol| gt
7l a9 S8k 2AA 7S o83 34
EA AN, EARIA7ES S8 RellEEY A e,

EARIATEAS o] § Thadt Hobo] -8, Bute] oY)
B Hofol et chokst 8-, whol @32 0§

Expected effect /
Utilization

Figure 41. Expected effectiveness and utilization molecularly im-
printed polymer prepared using supercritical polymeri-
zation.
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