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Abstract — The environmentally friendly nature of supercritical fluids such as supercritical carbon dioxide and supercritical
water has led to the exploration of their use in a range of materials applications. In the last few years, several kfipercritica
ids-based techniques have been proposed for the production of micronic and nanometric particles for potential applications in
areas such as pharmaceuticals, cosmetics, inorganics, biomaterials and explosives. Techniques like the rapid expansion of
supercritical solutions (RESS), supercritical antisolvent precipitation (SAS), particle generation from gas-saturated solutions
(PGSS), and reactive precipitation in supercritical solutions (RPSS) have been critically reviewed.
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Fig. 1. Comparison of particle size and distribution of HYAFF 11

microspheres produced by (a) SAS; and (b) liquid solvent emulsion

precipitation. Average particle size for (a) is 350 nm. E. Rever-
chon, Supercritical antisolvent precipitation of micro- and nano-
particles, J. Supercritical Fluids 15 (1999) 1-21.
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Table 1. Optimum temperature for drying proteins, mab, and vaccine

Temp €C) g;en?;j)e Familiar mileposts

120 1,489 Conventional spray dryer inlet gas temp.
No acteria survive at 12C

100 760  Proteins are cooked

80 355  Many proteins and vaccines degrade

60 149  Maximum temp Mab and proteins

40 55 Normal bacteria and proteins fluorish at body temp
(Top temp. foiE. Coliculture 47°C)

20 17 Room temp

0 5 Low limit of drying aqueous solution
-20 0.8 Some proteins denatured by freeze drying
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Fig. 2. Supercritical fluid region in pressure-temperature diagram (val
ues are density of HO).
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Fig. 3. Spatio-temporal fluctuation of density due to molecular associa
tion in supercritical fluid.

40
° ] <
I A Johannsen, T=60°C A —10.004 %
O Pereira, T=60°C ’
30— : i
= © Zehnder, T=54°C ® g
< O Zehnder, T63°C A © —0.003 .
2B @ Meier, T=70°C < | g
2 20~y Chrastil, T=60°C ) o
= 8o _ =
= L 0.002
2 . £
S 40 2 om g
9] v —0.001 8
o—v A & A —o0 =3
Lo e by
300 400 500 600 700 800 900 1000
Density CO, [kg/m?]

Fig. 4. Solubility of tocopherol as a function of CQ density.
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Fig. 6. Technical tree of supercritical fluid.
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Rapid Expansion Supercritical Solution
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Fig. 7. Acetylsalicylic acid particles by RESS Process.
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(b) ()
Fig. 12. A SEM image of micronized GdAc at 150 bar, 40 C (a) 20 mg/ml DMSO (b) 200 mg/ml DMSO. (c) 350 mg/ml DMSO.

Fig. 13. Examples of the morphology of-hydroxy benzoic acid (p-HBA) precipitated by (a) solvent evaporation at RTP (scale: 25 m), (b) the GAS
process (scale: 25 m) and, (c) ASES process (scale: 25 m).
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Poly(methacrylatedsebacicanhydride), Polysty®eAg 1132171 91 S Glucose, Glycerides, Metal oxides, Phospho@{YEu), Plastic additives,

™, Barium Chloride, Ammonium Chloride, Buckminster- fullerene, Polyethyleneglycols-3} -2 571, §-713}5-=, Albuterolsulfate, Alkaline
Bronze Red, Cobaltousnitrate, Hydroquinone, Nickel Chloride, Red Lake phosphatase, Cromolynsodium, DL-alanine, Glucose oxidase, Glutathione,
C, Yellow 1, Samariumacetate, Silver nitrate, Yttriumacetate, Zinc acetate

S ke 2] f718k8Eo] 9131, Acetaminophen, Albumin, 7- Solution

aminocephalosporanicacid, Amoxicillin, Antibody Fabfragment, Antibody

Fvfragment, Ascorbic acif§-carotene, Catalase, Chloramphenicol, p- HBA, Coz‘jm? CO; C024:EM7
Hydrocortisoneacetate, Insulin, Lecithin, Lysozyme, Maltose, Mefenamicacid,

Methylprednisolone, Myoglobin, Naproxen, Nicotinic acid, Phospholipids,
PlasmidDNA pSVbwith no protectant, PlasmidDNA pSVbwith protectant,
Prednisoloneacetate, RhDNase, Salbutamol, Salmeterolxinafoate, Sodiun
cromoglicate, Sucrose, Tetracycline, Trehalose, Trypsin, Calcitonin+HYAFF,

Chloramphenicoland urea, GMCSF+HYAFF, p-HBA+PLGA, p-HBA+PLA, >F <&
Insulin+HYAFF, Insulin-lauricacid conjugate+PLA, Insulin+PLA, Lysozyme + i

+PLA, Naproxen+PLA, PLA+clonidineHCI, PLA+hyoscing ¥} £ Solvent
OFE-50] GAS/SAS/IASES/SEDS9] 7.0 & A2+ 3ITH20]. Fig. 14. SEDS process diagram.
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Fig. 15. PGSS process diagram.

Horseradish peroxidase, Jf@(DTPA), Nifedipine, RhDNase, Tobramycin

2 ok 5ol IrHa1-46)]

3-5. DELOS(depressurization of expanded liquid organic solution)

Fig. 18li= DELOS 374 2] &AM whe) x2S YEeRSlch. DELOS
TN A3 A7114F she S4E di7Idstels f718lel &
aiA71aL kel B7lel golEtt. ol stehas uskgT]el et
WAE 871 715 WA F B3 oA §AS WHE Fafe] whE
Al EAIA FEE t719ko R "ojrmad gl 2t §43] vt
oA Fars) A WA o YRS dErh47, 48]

3-6. RPSS(reactive precipitation in supercritical solution)

3HH 2AAIGE antisolveniiz ©]-8310] FE5A8HE2] LA E A
Z3= 7] 9ol antisolvertt] A W53} FAl0l o] Ldoj,
RPSSFig. 17plM= dde] &l W85 (precurso] =o} WE&7] U]
2 ¥ wE3 A Ee] A BX) g EEAY A
< Hkgsle] HF FE5AsER Wi o]Zlo] antisolverft] & A5l
A AEE o] A3 o] Folxint. 84 5 E5elA ZHdshd
FBpESo] Ao} FEakalE M(OH) ]S A S55kska
& B2 2ok g wkgo] dofut T4 As (RS g

Hydrolysis ¢=3}ik-g- Dehydrationg41-5-)

L M(OH), MO,

M(NO3),
RPSSTE] dFzA AN S5A8S Alxshs 3848 o
2 FEEe] Adschirie}l Arai 1514 A5 71Este] hydrothermal
synthesis in supercritical wat€i E2]31 $ItH49, 50]. QAT+
ke o] 2afg] ARt ofet B §AdE 7 AL Slo] 29

Q|

Fig. 16. Different steps in DELOS process (1) A liquid solution of the

compound to be crystallised is added to the autoclave. (2) Addi-

tion of CO, produces a new expanded liquid solution which fills

all the autoclave volume at a given pressure, PW, temperature,

TW, giving rise to a solution with a molar fraction of CO, of XW.
(3) Depressurization of the expanded liquid solution through a valve
leading to precipitation of monodispersed nano- or micron-sized
particles.

Rupture

[ Il
[— Pre-heater
[E—
[ Reactor
p4— CcwiI
? @
o &0 S 4] e
p—» CWO _ Regulator
= = = = Particles

Precursors Mineralizer/Oxidant

Fig. 17. RPSS equipment concept.

Aol £718 0L 7106l sl B B3PS mol vl S
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$ e galgow sl

s}
Folli= AR gl ETE ZQATA] ol W= e, =& &
ol solid-fluid interfacellx] §-2o] a8 0% Hgs|o] wf
A4 el tEo] oFd el micro-structure®=i= single crystal
ZE 7¥FsA gth(Fig. 18).0] ¥¥elMv= 24 34 AAA
Ha AgAo] FEs YA AT ke RS 7 T
AT7H] PGSSHH Folli 297 A% IS Salld 1
T AP71= 04191 Barium Hexaferrite(BaFgO;9)2+ NiZn, Fe,0;, &
7%, gas sensors, varistors, transdudet$&-=+= Zinc Oxide(ZnO),
CMP(Chemical Mechanical Polishirg}z= A-8-%]= Cerium Oxide
(CeQ), AAAF L} H=AFL] Titanium Oxide(TiQ) 221z 2o l&xl
78] F=AEQ] Lithium Cobalt oxide(LiCo@), Lithium Manganese
oxide(LiMn,O,) ¥ B 55Aksl=2] o] A= ATH51](Fig. 19).
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Sk AR}, B9 A4E(CO), B, T 5o FHehe dAEA )=
0.1-1pne] ot} B2 YzEl o|9]o% e}, 3]k nitrosamines,
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Fig. 18. Impurity concentration in the solid-liquid(fluid) interface dur-
ing crystal growth.
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