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Abstract — Among materials-related applications of supercritical fluid it may be said that RESS(Rapid Expansion of Super-
critical Fluid Solutions) process is promising to produce particles which have small sizes and narrow size distributions withou
residual solvent in the produced particles. In this work supercritical carbon dioxide and 2-naphthol have been selected and the
effects of various experimental variables in the RESS process are investigated. The experimental variables include capillary
diameter and length, extractor temperature and pressure, crystallizer pressure and preheater temperature. The results show that
the diameter of the particle becomes larger with increasing extractor pressure and temperature although the particle sizes are
relatively insensitive to the temperature of preheater. Larger particles can be obtained with increasing crystallizetrpressure.
terms of the effects of capillary dimension the particle size decreases with increasing capillary length, while it intheases wi
increasing capillary diameter. Moreover, when the particle diameter is related to the degree of supersaturation, we can get
excellent correlations between them.

Key words: Supercritical Fluid, RESS, Fine Particle, 2-Naphthol

LM B 2QAfAC] BB ) ATE 1080d0) FUHE tiste) a7

59 FHOoR oFo)A gid|, 2o F WY A, S

2QARA 87148 A2 200 7} W, YR, %A F AW 34 5 2ARA 2T BUE A77} ol Aol

STl BN BoklH BUS Bow Y= AR /&9 st & T AFE o tifdN 4BY o8 L 43, A9E U

Qe Zrlole FE /1FS] WHOR Rsb] ojele BASY 2 ol FEARY 2o, BRuA AFRY ohlg BRUAHY F

2 9w A Be AT % 483t AgEe] gouk, Azole F AFY, ZUARA PlMe BAWY AT % shshng ol o
Fwn ople} 87, ieAle, S8 Mg L AR T4 5 A= v 2 A79%0] A3 Hoju UrkL-6]

¥ Pohz Hisle] AAAHoE B A7t Ay=T ok, 3

TE-mail: swkim@uou.ulsan.ac.kr

204

WL ZAARA E4E §8IA713L §438] W3A7]= RESS(Rapid
Expansion of Supercritical Fluid Solutioss} ¥ Z U AFAE anti-

oL



ZYAFAIE 0183 RESS-Eel e rliEee] 54

solveni2 AM8-3H= GAS(Gas Anti-Solvenfd o2 FA U 4 Utk
A4 TR AaEe B vA EHES A I/ EE
7F A1 AR ofH A97F 7] Wil Z1AIF] AV AA
Sk 27] ZFo] Bl o]FoiX|aL Qlt}, vt BAAHOFE A

=

It} stekE o] afEol Sle 24 =gEd

e =do] viAl £Ee FHE HEHErke e ov] g AT
[e]

288 212 Krukonis[6Pll 2J3ll A== A ==Avkar AZHTt. Krukonis
= 294 CO2t propylen& ©18-3t1 aluminum isopropoxideB-estradiol,
ferrocene,9 %, polypropylenes T4t EdE9] na 24 dS
T A, 2y EARc @ YATEs F32 327071 1000 o)
HAaE YRS AT 2 o]Fo RESS] tigk 9= Larsordt
King[7], Smitte} 3-5<17#H8-11], Mohameél}t &5 A7#H12, 13] 2
o] A7AH14-18Pl 23l EdsiA o]FoA $ith Mohamesd} -
ATAES RESTAH <Jsll A4k naphthalerd Lovastatin powder
o] crystallinity} particle sizell P1Xi= o2} 71X AFHAFES] TS
2SI B3k ZZoll= Domingos 56 A TARE[17]°] COs+salicylic
acid+henzoic acid, C@phenanthrene+benzoic &did4-> temary systeril
] cosolute}t &3l= 2 AAE particlee] 5440 oH JFS w3
A AR

]9} o] RESFAE 71E9] Wide g o7 ® JAw¥t &
2 Y= 8oldH

I il
A de 7 313 FAol7] el ske® mAl dxtel A
AR 7S g Ao 4T Jink 2 A B
A7t KaEo] kAN RESSA N oJah AAE Ao 540 7

< PIRIE ARl W7 ol BEgE gHoln, ko' RESSA
NS SEiME vhget &4 wigel] gk A7t ol FojAof gtk
Azt 3 7] o' Fashest dEE Zlolth. RESF o3
ANARE Y] BN Fxsiwel Be Ao glgo] LA GO

A

<
N
d
g
X
o
B
2
by
i
o
re
-
rir
o
o
44
o
o
5
g
(ND.
»®
2
)
[o

ti7]stel 77k W hEHoE sG] Wil xSt AAE 7
T olg Wk olEl Y} Ao} Fxsls The] IAE FAH R 3§
A3l7] Brrsstint. 2 2 AFele crystallizep] 43S 3
7h AdAHoR 24 shee gEoR AAsa galx 3
Tate] AT AE dRte] Z719h FEstE he] AAWAE
ke 2] 23 AraAlRg TgEo] 9l

2]
FES LAY BAAANA PEEE dE AE9S FYs, 4
U, HALE 9 W) AMEEE capillary tub&] dimensioni
ofet HEslwrt mlge] F7)eF EA6 ofd JEFS A=A A
ARz BEAslaal s, o5 F3le] RESSFolA 8] 714 |
o] el st sfdo] 7Hssld Aoln o Uelii= RESSA
o] A7 8 'A< A Ak =] E ZoF A7

2. AlBJEF| L Alg{HHH

2 AFoM ZJARAZR SRS AN, R AxR o

o,

205

o o ©

Rt

MP

NE

-
BACK PRESSURE
REGULATOR

OVEN1

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Experimental variables in RESS experiment

Capillary Extractor Preheater

No. Dia. Length Press. Temp. Temp. Press. Temp.
(in) (ecm) (ba) (C) (°C) (bar) (%C)

Extractor pressure

Crystallizer

1 0.01 5 150 45 80 110 45

2 0.01 5 200 45 80 110 45

3 0.01 5 250 45 80 110 45

4 0.01 5 300 45 80 110 45
Extractor temperature

5 0.01 5 200 35 80 110 45

2 0.01 5 200 45 80 110 45

6 0.01 5 200 55 80 110 45
Preheater temperature
7 0.01 5 200 45 60 110 45

8 0.01 5 200 45 70 110 45
2 0.01 5 200 45 80 110 45
Crystallizer pressure

9 0.01 5 200 45 80 70 45
10 0.01 5 200 45 80 90 45

2 0.01 5 200 45 80 110 45
11 0.01 5 200 45 80 130 45
12 0.01 5 200 45 80 150 45

Capillary diameter

2 0.01 5 200 45 80 110 45

13 0.02 5 200 45 80 110 45

14 0.04 5 200 45 80 110 45
Capillary length
15 0.01 1 200 45 80 110 45

2 0.01 5 200 45 80 110 45
16 0.01 10 200 45 80 110 45
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Fig. 2. Effect of extractor pressure on the particle size and its distribL
tion in RESS process(extractor temp.: 48C, crystallizer press.:
110 bar, crystallizer temp.: 45°C).
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Fig. 3. Effect of extractor temperature on the particle size and its distri-

bution in RESS process(extractor press.: 200 bar, crystallizer

press.: 110 bar, crystallizer temp.: 45C).
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Fig. 4. Effect of crystallizer pressure on the particle size and its distr

bution in RESS process(extractor press.: 200 bar, extractor temy
45°C, crystallizer temp.: 45°C).
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Fig. 5. Effect of capillary diameter on the particle size and its distribu
tion in RESS process(extractor press.: 200 bar, extractor temg
45°C, crystallizer press.: 110 bar, crystallizer temp.: 458C, capil-
lary length: 5 cm).
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Fig. 6. Effect of capillary length on the particle size and its distribution
in RESS process(extractor press.: 200 bar, extractor temp.: 4&,
crystallizer press.: 110 bar, crystallizer temp.: 48C, capillary
diameter: 0.01 inch).
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Fig. 7. Particle size variation of 2-naphthol with supersaturation ratic
in RESS process using supercritical carbon dioxid®: extrac-
tor press., O: extractor temp., B: crystallizer press.).
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: constant depending on the properties of system in Eq. (2)
: concentration [mol/cr

: concentration of solute in the extractor [mol#gm

: concentration of solute in the crystallizer [molfm

: Gibbs free energy

: gas constant

: supersaturation ratio defined by Eq. (1)

: temperature [K]

: collision frequency
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