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Preparation and Characterization of Drug Substances
Fine Particles by RESS Process

Hong-Lyong Kim

Department of Chemical Engineering, Graduate School
Pukyong National University

A bstract

A supercritical fluid(SCF) is defined as a solvent above its critical
temperature and pressure. SCFs are unique and useful as extracting
agents because their strong solvent powers can be manipulated over a
wide range by adjusting temperature and pressure. Furthermore, SCFs
have gas-like viscosities and the diffusion coefficients in SCFs are at least
an order of magnitude higher than those in liquids, thus promoting mass
transfer. On the benefit. of these attractive properties, SCFs have been
widely applied in extraction; chemical reactions and materials processing,
etc.

Carbon dioxide is the most widely used SCF because it has a relatively
low critical temperature and a moderate critical pressure. In addition, it
is inexpensive, leaves, no toxic residue, and is not flammable. Since the
critical temperature of CO: is near ambient, it is attractive for processing
heat-sensitive flavors, pharmaceuticals, labile lipids, and reactive

monomers.



The advantage of crystallization at supercritical conditions over
conventional crystallization is especially clear when non-volatile, thermally
labile pharmaceutical substances are to be crystallized. As a
non-contaminating solvent at close to ambient temperature, ScCO; might
be an attractive alternative to conventional organic solvents.

Rapid expansion of a supercritical solution(RESS) with ScCO; is an
attractive process for the production of small, uniform and solvent free
powders of low vapor pressure solutes. The advantage of the RESS
process that have great potential for particle formation include its
capacity for a wide range of inorganic, organic and polymeric materials,
low temperature operation(with CO;) and single step processing.

In this study, RESS process for the preparation of ultra-fine drug
particles with no organic solvent has been developed with supercritical
CO;. Three drug substances(griseofulvin, benzoic acid and lidocaine) with
different solubility in supercritical CO; were used, and orifice disks and
capillary tubes were adapted -as an expansion device. The solubilities of
the drug substances in supercritical CO; and the effects of various
operating parameters on the characteristics of the particles prepared by
RESS process were experimentally investigated.

Experimental apparatus for RESS process consists of three main units(
an extraction unit, a pre-expansion unit, and a precipitation unit) and
auxiliary facilities. The liquid solvent (CO:) was compressed to the

extraction vessel packed with drug substances and glass wool, and



saturated supercritical drug solution flew into the pre-expansion unit to
expand through the expansion device. Prior to each run, ScCO:; was
purged through the bypass section of the extraction unit and continues to
flow through the pre-precipitation unit to remove solute residue.

The solubilities of the drug substances in supercritical carbon dioxide
increased with extraction pressure and temperature, except those of
benzoic acid under 2,500 psi.

It has been found that the solubility of drug substances in supercritical
CO; had a major effect on the average diameter. and particle size
distribution of the drug particles prepared by RESS process. The average
particle diameter decreased with the solubility, regardless of the kind of
drug substance and other operating conditions.

The particle diameter also decreased with pre-expansion temperature and
increased with orifice diameter nozzle and aspect ratio (L/D) of capillary
tube.

Although RESS process with solid co-solvent(menthol) produced very fine
griseofulvin particles, additional researches might be preformed to be

established.
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Table 1.

Product morphologies of fine particles produced by RESS

process from various solute-solvent systems

solute—solvent autoclaov ¢ [)Sr}éiéiig pre*expanOSion product morphology
temp. (C) (bar) temp. (C)

S5102:-H20 260 580 450 >1.0um thick film
Si0,-H;0 300 590 450 ggh“e'roeg“m diameter
GeO2-H20 25 580 475 S5um agglomerates

_ 0.5~1.3um diameter
GeO2-H20 25 580 445 spheres
Si02, KI-H20 385 580 500 20um agglomerates
Si-NHj 250 284 ~415 350 a
Si02-NH3 285 204 350 a
ZrO(NOs)-ethanol b 175 375 ~0.1lum particles
SisN4s—-NH3 160~385 136~306 280 ~ 410 a
polystylene—-pentane 200 170 350 ggﬁgegiameter

A 1umd=*100
polystylene-pentane 200 170 200 21000pm L fibers
1um®*100 ~
polypropylene-pentane 225 170 200 ~ 400 1000um L fibers or
0.5~1um particles
poly(carbo silane) 1umd*80
-pentane X 102 375 ~160um L fibers
poly(carbo silane) g 938 950 <0.lum particles
pentane
poly (phenyl sulfone) agglomerated sphere
-propane 125 170 150 (each sphere~0.5um®)
. 1um®=*100 ~

poly (methyl methacryD) ;55 170 125 ~ 300 1000pm L fibers or
propane 0.5~1um particles
poly(vinyl chloride), 250 170 350 7um diameter

KI-ethanol

spheres

a: 23 =7} YF o} RESS AlFo] HA &&

b : 3.0g ZrONOs);/L o&&o] £

217 pumping

c: YA HEEE AHESHA

= premixtureE Z YA

o

o

7g ol

3230ppm €4S 375CE o<
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Table 2. Comparative physical properties of gas, liquid and supercritical

fluids
Phase
Property Unit
Gas SCF Liquid
Density g/t (0.6~2.0)x10°  0.2~0.9 0.6~1.6
CDOZJZ}‘;jl’eOZt ot /s 0.1~04  (0.2~0.7)x107° (0.2~2.0)x10"°
Viscosity cP (1~3)x107% (1.0~9.0)x107%  0.2~2.0

Table 3. Critical properties of some common supercritical solvents

Solvent Pc(bar) Tc(C) pc(g/crt)
Carbon Dioxide 73.8 31.0 0.468
Propane 42.5 96.8 0.217
n-Pentane 33.7 196.6 0.237
Propylene 46.0 91.8 0.232
Ethanol 61.4 240.8 0.276
Water 221.2 374.1 0.315

_12_
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Fig. 3. Representative schematic diagram of SAS or GAS

process.
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Fig. 6. Molecular structure of griseofulvin.
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Fig. 7. Molecular structure of lidocaine.
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Table 4. Experimental conditions for RESS experiments

Equipments Parameters Range
Griseofulvin
Materials Benzoic acid
Extraction unit Lidocaine
Extractor temperature(C) 40~70
Extractor pressure(psi) 2200~5100
Orifice disk hole diameter(um) 50~150

Expansion unit  Capillary nozzle Dimensions(L/D) 200~ 500

Pre-expansion temperature(C) 40~80

Collecting unit - Precipitation media Air
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Table 5. The comparative solubilities of drug substances in

supercritical CO;

Material Temp.(C) Press.(psi) Solubility
Benzoic acid 45 2900 3.18x107°
45 5100 4.87x10
55 2900 3.83x107°
55 5100 717x107°
Griseofuvin 45 2900 1.3x10°7°
45 4400 4.3x107°
55 2900 2.4x10°°
55 4400 5.3x10°
Lidocaine 45 3500 0.067
45 5200 0.064
55 3500 0.070
55 5200 0.066
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Fig. 14. Representative microscopic photos of benzoic acid.

(a) raw particles (b) after RESS process
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Fig. 15. Representative SEM photos of griseofulvin.

(a) raw particles (b) after RESS process

_48_



LEI 5.0kY X100 100um WD 8.0mm

ZAS000  100nm W

Fig. 16. Representative SEM photos of lidocaine.

(a) raw particles (b) after RESS process

_49_



)
Bo

o

o}

0
i

dzkel =27]

B
i
M

o

]

-

FEIE7F Ao AEE GRS A7) FebA

oebE b4

T
L

7F A=

]
23
i

le 22 292 Fig. 17 ~ 199 YeliAd.

=33

1Y

benzoic acid ] M| YRS AEEFXE YEel = Fig

o W&

benzoic acid Y4AS] HA A

L
L

R =

(3
5!
!

o))
njp

1

o

A ol
AA &F =9 benzoic acid FE7}

benzoic acid® | =7} =7}

F 3l YA benzoic acid &Y 9]

tel 2743 Aol A

S

el

)0

sh7F 315

3

st= 7 S7F

Iz

T
L

ol A]
2ol 23R 7N13kol Frotx B A

o] A4

._OE
)0

M

l

E=1e)
=1

Q)
=]

al

o

—_
o

KN
=

anthracene¥} phenanthrene

L
R

ol#g 2

~
fiTe)
o

]

;L

d

she

oz MARE Az

3L
[¢)

RESS

_50_



m JPTTYR OFE S S-S
AR IS o (e = hosae s avrderrn i ginensl
beee ne e ———— L) #- Ll
S . e Pl & 4
L § 3 £y o B T
T : 3 o I My VRS g TR SO YRR SR
i
s e - U - Y ¥ H .
- | (Al T TP CORNY AR SN SO S
o & S EUTUY RO SRR S, - : H
3 H H H H
m m m m l-.-M.:-lun.-u
=ivravra® ruan res 13 1
[ i i
7 i i
i : i
i i >
e o e e o
I FIMEsE raswanvaEy T ~-— [LTP T Iy . -
e & i v
{ T )
- 2 FENT N PN MR Y IR TRE YRS v aa ——
Fl e - i 3
% 5 W i i
stvsndenenadhnennndarian fonandorscechosvns bus ons froan e : !
H -t
: i L
H H ' m
I Dl NI, S U I @ —
; b
: a =
i 1]
A= N
R a PPN PSR- . :
o LR
|
ta r i F b
= z u...:m..:.w..:.:...:.:w...q:m: ."....:.m....
HI T 3 .k
one .
1 Al 2o
i = f 1 13
H i ]
T o PR
o g P 1
H H H : H ;
N - (|
LD :
. 3 i
ko & e H > LLLETL ETTRT)
Fy R " = Serienaninn s H vy
Z : H i 2
il .n| - H “lllll
gl St SEECE LR SRR 10 - - 3 -
. a

L] —
(%) nowy splied PeZIBWICN

o o o o o
Q o o o ) o I} w m

(35} WNQWw SolUey pPeZIBULON

100

EO

16

)

(b

Particia Diameter (pmy)
- 51

0%

a4

10.05



50 = :

£ |- 4

£ i

= a0 --E-- "T.

§ : \

o 30 |3 ! :

E i : I

L 20 i

ke P N

I O ot of CURERTTUERS SREEER S o S (o e v, ERSPEVETRE PP ERPE S SR IT o P Zuneracd

) s i H

@ 10 |- feond

3 susinss e lof oM ik | e g 3.

=z 5 i . : RN
o : : H T} I
g0s, 04 0B i E 10 50 100

Farticle Dismeter (pm)

(c)
Fig. 17. Particle size distributions of benzoic acid fine particles

from RESS process at 2,000psi and different extraction

temperatures.

(a) 35C (b) 45C (c) 55C

_52_



07 (%) qa(%)
100

w0l
B0
70
&0

50
40

=]

Mormal ized Particle Amount

0.5 1 5 10 ) 100
Particle Diameter . (wm)

Fig. 18. Representative particle size distribution

griseofulvin particles from RESS process.

_53_

500

curve

of



=
o
3

*

5 ; ,'i x;‘\ .
i B AR i
; g 3),"' { L 8
':F,ﬁ' : 414 3
é 3 ‘..J ;? P l§ i”} \A ;S A
2 }i i b iy ‘|’ .33 .
i 15 H Wb
8 f‘"j ? .f 1 fi‘ IE, 5‘ {
{ i 1 ¥,
c A AR IY i .
i EH i x 4 |! ‘f, "3'}
‘:‘1&; ,f |u ‘.f ?,Q v,‘ u" 1 ;
thre e ; ; }1 “J' ) % % ’l«“ ]
i ST e ';.__“‘ “\\ 4 .\
iwl 5 b v % " SRR i
1N ey S
%j‘j .:«wizpegmngmi-- LA
Diameter(nm)

Fig. 19. The effect of extraction temperature on the particle size

distribution of lidocaine measured by zeta potential

analyzer.
(1) 70C (2) 60C (3) 50C
(4) 45C (5) 40C

_54_



-
B
X o} X —~
X = w + % o o
iﬂmﬁlmﬁw
< NZA:% mewm{
: , = 5 =
C - ¥ £ o T r % d N o
o) ) £l w 5 ¥ 2 woB o ¥ 3 G
e w = o 2 £ % M oy R 5 "
5 M ) 5 = X = 8 TR X o o i
o . 2@ N P i W 3 D
w ¥ b g N LU BN FEVS o T No
) o M K E Noe © W M - S &
~X N ° Y . o0 W = = ™ = e . oT N N ~
aﬂﬁ_ij @w%mam T s ooy N
& M o & 14 T omo R ° 2 oo 5 - 2 B
L#_ygnixsyﬂ AN ! © £
IS a ﬂ o —_— % ;O,._ ﬂ ‘Z:l [oF ﬂ i 1A_|u_-0 —_— _— ZT._
qa X p ok = MR - ) X = MW
S — o T 0 Tt s = ) . . R =1 0%
X ° o w ol = e NI o 0 oy ™
Xq  of X W s B = ol o i wo@ ] = o E
N TR o N @ AX G X o m & R
N e ) %o . K ° = = X 2 Y
= X e o 2 oy . T o o iy 15
ﬂ@@@ﬂLoﬁﬁquFQEgiugc e
P z I+ =o Wﬂ O = 0 o% s g o | 0| o Sy
L o - . g 5 o I ®  op T
w B o5 o = X o e ) woW T b %
o N = F 24 70 H 9 - o X
_ % - ﬂz N € uogl.d N goqx 5 o
< W o MT =" = N = 0 T = = o zo T 0
L}mg_mlwgg - ae%) — oz 5
TCH QN ot o of N 9 &R <P T X ol X < i
B o & N ) N wow o e W i e =) S osm R = w3
g o uLﬁvzﬁoﬁoo]ﬂgwo}ag %
roo N % G o D Y. o A %
SO - ° oy o g T 75 R e ow F s X
x o) = M £ T g o & N g m !
z % o o O < g N " g o Hr 3 S 5
o B g ! 0| S Iy = PTI = = H NR MT
PR} o 8 B R N A o G ol
= 2 g o y 7! ol N
2 o s o o < 3 - BN
g = 8 R o K zo I o
—_— o X il Iy il \Y .rlJl N
o ,Z_ _E N io C ..* .
re R g X % wn O b
- = 7 %L
o) K E
R

- 55 -



30

N
o

N
o

10

Average Particle Diameter [
[e)]

o
o

00

30 35 40 45 50 55 60
Extraction Temperature[ C]

Fig. 20. The effect of extraction temperature on the average
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Fig. 21. The effect of extraction temperature on the average
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process at 3,700psi.
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23. The effect of extraction pressure on the average
diameter and standard deviation of benzoic acid fine

particles from RESS process at 35C.
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Fig. 24. The effect of extraction pressure on the average
diameter of griseofulvin fine particles from RESS

process at 45C.
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Fig. 25. The effect of extraction pressure on the average
diameter of lidocaine fine particles from RESS

process at 45C.
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Fig. 29. The effect of L/D_of capillary tube on the average
diameter of griseofulvin fine particles by RESS

process at 45°C and 3,700psi.
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Fig. 31. The effect of distance from expansion device to baffle

on the average diameter and standard deviation of
benzoic acid fine particles prepared by RESS process

at 2,000psi and 45C.
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18rm

Fig. 32. SEM photo of griseofulvin fine particles prepared
by RESS process with solid

co-solvent(menthol).
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Nomenclatures

I nucleation rate, 'L’

K function of temperature and pressure defined in
¢ = ¢iexp(—ky)

k Boltzmann‘s constant, 1.38X10"23J/K

Nwt  total solute concentration in the bulk fluid phase, [number/cmB]

P pressure
R gas constant
S supersaturation : g
Y
T temperature
Uy molecular volume of solid solute, L’
y solubility [mol fraction]
Greek letter
B thermal flux of solute molecules, t'L>
0 interfacial coefficient, [erg/cm’]
P fugacity coefficient

0} acentric factor
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Subscripts

1 component 1 ; the supercritical solvent
2 component 1 ; the solute

12 interaction parameter of 1 and 2

Superscripts
e equilibrium
s solid solute
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