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Abstract—We investigated the effect of solvents on the formation of amorphous paclitaxel and proposed an efficient
strategy for the removal of residual solvents from solvent-induced amorphous paclitaxel. Amorphous paclitaxel was
produced by solvent-induced method using non-polar solvents (methylene chloride, toluene, pentane, methyl t-butyl
ether, chloroform, and acetonitrile/hexane (1:2, v/v)). The residual pentane and hexane levels easily met the Interna-
tional Conference on Harmonization (ICH)-specified values (5,000 and 290 ppm) by simple rotary evaporation. When
the vacuum-dried sample was subjected to microwave-assisted drying, the ICH requirements for methylene chloride
(600 ppm) and acetonitrile (410 ppm) were met by drying for 23 hr at 200 W and 3 hr at 200 W, respectively. However,
residual toluene, methyl t-butyl ether, and chloroform concentrations did not meet the ICH-specified values (890,
5,000, and 60 ppm). The shape and size of amorphous paclitaxel particles were examined by SEM and XRD.
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INTRODUCTION

Paclitaxel, a tubulin-binding diterpenoid isolated from the bark
of the Pacific yew tree Taxus brevifolia, has been one of the most
important anticancer agents of recent decades [1,2]. It is widely
used clinically for the treatment of ovarian, breast, head and neck,
and non-small cell lung cancer. The main production methods of
paclitaxel are direct extraction from yew trees, chemical synthesis,
and plant cell culture [3-5]. Among these, plant cell culture enables
stable mass production of paclitaxel of consistent quality in a bio-
reactor without the influence of external factors such as climate or
environment.

For an active pharmaceutical ingredient (API), the specifica-
tions for the final purified product are highly varied and strict.
The morphology (amorphous or crystalline) of the APIs is a very
important specification, having a great impact on the formulation
of the final drug product [6,7]. An amorphous solid often has
higher solubility than a crystalline solid, resulting in enhanced dis-
solution and bioavailability. In addition, paclitaxel is classified as
class IV in the biopharmaceutics classification system (BCS), as its
water solubility is very low; which limits usage [8]. Thus, the devel-
opment of a method that easily enables morphology control of a
purified API can be very useful for the production of the final drug
product, especially in the formulation process. In 1997, Liggins et
al. [9] developed a method to control the morphology of solid-state
paclitaxel, but it was not practical because the manufacturing con-
ditions included very high temperatures. In 2011, the solvent-induced
method was developed to easily control the morphology of puri-
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fied paclitaxel by solvent treatment [10]. Crystalline paclitaxel was
produced by drying with polar solvents (acetone, ethanol, metha-
nol, methyl ethyl ketone, and n-butyl alcohol) having a polarity
index above 4.00. On the other hand, amorphous paclitaxel was
produced by drying with non-polar solvents (methylene chloride,
pentane, toluene, chloroform, methyl t-butyl ether, and acetoni-
trile/hexane (1:2 [v/v])) having a polarity index of about 4.00 or
lower. The morphology of paclitaxel was very closely associated with
the polarity index of the organic solvent used in the solvent dry-
ing process [10].

According to the International Conference on Harmonisation
(ICH), the concentration of residual solvents is strictly regulated
because of their inherent toxicity [11,12]. To meet the requirement
of ICH-guideline for these residual solvents, it is critical to utilize a
suitable drying method. Supercritical drying and spray drying have
been proposed to remove residual solvents [13,14]. However, a dry-
ing method using supercritical carbon dioxide requires high-pres-
sure equipment and paclitaxel can decompose due to high operating
pressure. In the case of spray drying, there are problems because
the operation takes a long time (~24 hr) and a large installation
space is required. On the other hand, rotary evaporation and vac-
uum drying, which are widely used, are simple as well as econom-
ical, while microwave-assisted drying has a high rate of heating
and facilitates homogeneous drying with smaller equipment. In
addition, the thermal efficiency is high and power control is easy,
because the microwave energy is directly absorbed by the object that
is being heated [15-17]. Because of such advantages, these methods
are widely used for drying trees, vegetables, fruits, and ores [18-21].
In the present study; a rotary evaporation, vacuum drying and micro-
wave-assisted drying were sequentially introduced to investigate
the changes in the residual solvents concentration of amorphous
paclitaxel prepared by the solvent-induced method. Furthermore,
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SEM and XRD analysis were performed to confirm the morphology
and size of the dried paclitaxel. Ultimately, we proposed a method
to efficiently remove residual solvent from amorphous paclitaxel
to meet ICH requirements.

MATERIALS AND METHODS

1. Plant Materials

Taxus chinensis cells were cultured in a modified Gamborgs B5
medium at 24 °C with shaking at 150 rpm in the dark. The cell
culture was transferred to a fresh medium every two weeks. During
this prolonged culture, 4 mM AgNO; was added at the initiation
as an elicitor, and 1 and 2% (w/v) maltose were added to the medium
on day 7 and 21, respectively [22]. After the culturing, plant cells were
recovered using a decanter (CA150 Clarifying Decanter; Westphalia,
Germany) and a high-speed centrifuge (BTPX 205GD-35CDEFP;
Alfa-Laval, Sweden). The recovered plant cells, hereinafter referred
to as the biomass, were provided by Samyang Biopharm Company;
South Korea.
2. Preparation of Samples for Drying

The purified paclitaxel sample (purity: 98.7%) for this study was
prepared from biomass using the following steps: (i) biomass
extraction with methanol and liquid-liquid extraction with methy-
lene chloride to obtain a crude extract, (i) adsorbent Sylopute treat-
ment of the crude extract to remove the tar compounds, (jii) hexane
precipitation and fractional precipitation to obtain the paclitaxel
precipitate, and (iv) ODS (C18)-HPLC and Silica-HPLC to obtain
the purified paclitaxel. The sample preparation process is described
in detail in a previous study [23].
3. Drying Method for Amorphous Paclitaxel

The drying was applied to the samples from the Silica-HPLC
(mobile phase: methylene chloride/methanol=98/2 [v/v]), which is
the final purification process of paclitaxel. The samples, 1g of
paclitaxel (98.7% pure), were dissolved in 20 mL of non-polar sol-
vents such as methylene chloride, pentane, toluene, chloroform,
methyl t-butyl ether, and acetonitrile/hexane (1:2 [v/v]) and then
concentrated and dried using a rotary evaporator (CCA-1100,
EYELA, Japan) at 45 °C under reduced pressure. Additional dry-
ing was performed at 45°C at 760 mm Hg by gradual vacuum
drying (UP-2000, EYELA, Japan) and microwave-assisted drying
(2,450 MHz Model 1501, Korea Microwave Instrument Co., Korea).
The microwave cavity was W420 mmxD380 mmxH420 mm in
size and consisted of cooling fan and thermocouple. A thermo-
couple was installed to measure temperature changes continuously
during drying. The power supplied to the microwave generator
(capacity: 1.5 kW) produced temperatures of 45 °C. The possibility
of paclitaxel degradation at a high temperature (>50°C) was also
considered [24]. All experiments were performed in triplicate. The
concentration of residual solvents in the dried sample was ana-
lyzed by GC after being dissolved in dimethylacetamide.
4. Residual Solvent and Paclitaxel Analysis

The concentration of the residual solvents in paclitaxel, includ-
ing methylene chloride, pentane, toluene, chloroform, methyl t-butyl
ether, acetonitrile, and hexane, were analyzed using GC (GC-2014;
Shimadzu, Japan), with an HP-5 column (0.20 mm IDx25 m, 0.33-
um film) and a flame jonization detector. The separation tempera-
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ture within the column was programmed to increase from 40 to
250°C at 18 °C/min. The carrier gas used was helium and the flow
rate was 0.7 mL/min [24]. Each sample was analyzed in triplicate.
The limits of detection (LOD) for methylene chloride, pentane,
toluene, chloroform, methyl t-butyl ether, acetonitrile, and hexane
were 1.5, 4, 1,7, 2, 3, and 5 ppm, respectively. The paclitaxel content
was analyzed using an HPLC system (SCL-10AVP, Shimadzu, Japan)
equipped with a Capcell Pak C18 column (250 mmx4.6 mm; Shi-
seido). The elution was performed for 40 min on a gradient of dis-
tilled water/acetonitrile mixture, with the ratio ranging from 65: 35
to 35:65 (flow rate=1.0 mL/min). The injection volume was 20 mL,
and the effluent was monitored using a UV detector at 227 nm
[25]. Authentic paclitaxel (purity: 99.5%) was provided by Samyang
Biopharm Company and used as the standard.
5. SEM and XRD Analysis

The surface of the paclitaxel particles produced through the sol-
vent-induced method was assessed using a scanning electron micro-
scope (MIRA II LMH, Tescan Czech). The accelerating voltage used
was from 10-15KkV. Different magnifications were used for each
sample to observe the surface. The amount of sample used for ob-
servation was approximately 1 mg. In addition, X-ray diffraction
(MiniFlex600, Rigaku, Japan) was used to assess the morphology
of the paclitaxel samples. In operating conditions, the angle of dif-
fraction was set as 29=3-40° using CuKe (40kV, 15mA). The
amount of sample used was 50 mg,

RESULTS AND DISCUSSION

1. Removal of Residual Solvents from Solvent-induced Amor-
phous Paclitaxel

In a previous study [10], the amorphous paclitaxel was easily
obtained by solvent-induced method. However, very few studies
have been conducted to develop a method to efficiently remove
residual solvents from solvent-induced amorphous paclitaxel. There-
fore, we explored different methods for efficiently removing resid-
ual solvents from amorphous paclitaxel produced using non-polar
solvents such as methylene chloride, acetonitrile/hexane (1:2 [v/v]),
toluene, methyl t-butyl ether, chloroform, and pentane. First, for
the sample dried by rotary evaporation, the concentrations of the
residual solvents as a function of drying time are shown in Fig. 1.
The concentration of hexane (Fig. 1(b)) and pentane (Fig. 1(f)),
which were residual solvents in the sample, easily met the ICH
specifications (hexane: 290 ppm, pentane: 5,000 ppm) within 1 hr.
Hexane was not detected (LOD=5 ppm), while pentane reached
the ICH-specified value (5,000 ppm) after 25 min of drying. The
concentration of residual methylene chloride (Fig. 1(a)), acetoni-
trile (Fig. 1(b)), toluene (Fig. 1(c)), methyl t-butyl ether (Fig. 1(d)),
and chloroform (Fig. 1(e)) tended to decrease, but was maintained
at 30,000 ppm, 8,500 ppm, 7,500 ppm, 22,000 ppm, and 78,000 ppm
after 11, 6, 4, 4, and 3 hr of drying, respectively. After rotary evap-
oration, some solvents did not meet the ICH specifications (meth-
ylene chloride: 600 ppm, acetonitrile: 410 ppm, toluene: 890 ppm,
methyl t-butyl ether: 5,000 ppm, and chloroform: 60 ppm) [11],
and therefore, additional vacuum drying was performed for them.
As shown in Fig. 2, the concentration of residual methylene chlo-
ride (Fig. 2(a)), acetonitrile (Fig. 2(b)), toluene (Fig. 2(c)), methyl t-
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Fig. 1. Effect of evaporation time on the concentration of residual solvents in rotary-evaporated samples pre-treated with methylene chloride
(a), acetonitrile/hexane (1:2 [v/v]) (b), toluene (c), methyl t-butyl ether (d), chloroform (e), and pentane (f) at 45 °C. The concentra-
tion limits of methylene chloride, hexane, acetonitrile, toluene, methyl t-butyl ether, chloroform, and pentane according to the Q3C
guidance of ICH are 600, 290, 410, 890, 5,000, 60, and 5,000 ppm, respectively. Dotted line indicates the concentration limit of pen-

tane. No residual hexane (LOD=5 ppm) was detected in (b).

butyl ether (Fig. 2(d)), and chloroform (Fig. 2(e)) in the vacuum-
dried samples was 18,000 ppm, 3,500 ppm, 6,000 ppm, 20,000 ppm,
and 78,000 ppm, after 8, 8, 6, 5, and 1 hr of drying, respectively.
Thus, meeting the ICH specifications was still difficult. This might
have been caused by case-hardening, where the surface of the sam-
ples undergo solidification before the residual solvents are removed
[1,12]. To remove the residual solvents inside the casehardened
samples, we used microwave-assisted drying, in which a heating
object becomes the heating element for heat transfer to the whole
sample [24]. As shown in Fig. 3, after microwave-assisted drying,
the concentration of residual methylene chloride (Fig. 3(a)) and
acetonitrile (Fig. 3(b)) was under 580 ppm and 400 ppm after 23
and 3 hr of drying, respectively, and thus satisfied the ICH specifi-
cation. However, the concentration of toluene (Fig. 3(c)), methyl t-

butyl ether (Fig. 3(d)), and chloroform (Fig. 3(e)) did not decrease
even after 6 hr, and remained at 6,000 ppm, 20,000 ppm, and 70,000
ppm, respectively. The pattern of microwave-assisted drying might
be associated with the dielectric constant of the solvents, indicat-
ing the storage of electromagnetic radiation, which is radiant energy
in the electric field [26,27]. Thus, a solvent that heats up rapidly
under microwave radiation typically has a high dielectric constant.
The residual concentrations of various solvents according to the
drying methods, together with a dielectric constants obtained in
previous studies [26-28], are listed in Table 1. Methylene chloride
(dielectric constant: 9.10) and acetonitrile/hexane (1 :2, v/v) (dielec-
tric constant: 9.45) has higher dielectric constant than toluene (dielec-
tric constant: 3.00), methyl t-butyl ether (dielectric constant: 2.60),
and chloroform (dielectric constant: 4.80), indicating that these
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Fig. 2. Effect of vacuum-drying time on the concentration of residual solvents in vacuum dried samples pre-treated with methylene chloride
(a), acetonitrile/hexane (1:2 [v/v]) (b), toluene (c), methyl t-butyl ether (d), and chloroform (e) at 45 °C. No residual hexane (LOD=

5 ppm) was detected in (b).

solvents can absorb much more microwave energy and can con-
vert it to heat more efficiently than the other solvents. Therefore, it
is estimated that the microwave heating rate of methylene chlo-
ride and acetonitrile/hexane (1:2, v/v) was the highest and thus
could provide the highest efficiency in microwave-assisted drying,
Based on these results, pentane and hexane were efficiently removed
by rotary evaporation alone, and satisfied the ICH specifications
(pentane: 5,000 ppm, hexane: 290 ppm). Methylene chloride, ace-
tonitrile, toluene, methyl t-butyl ether, and chloroform did not
meet the ICH-specified values, even after additional vacuum dry-
ing. Microwave-assisted drying efficiently removed methylene chlo-
ride and acetonitrile, and satisfied the ICH specifications (600 ppm
and 410 ppm, respectively), while toluene, chloroform, and methyl
t-butyl ether could not be reduced sufficiently to meet the ICH-
specified values. Thus, pentane-induced amorphous paclitaxel would
be most economical and efficient, because the ICH specifications
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were satistied after simple rotary evaporation for 1 hr.
2. Morphology and Size of Solvent-induced Amorphous Pacli-
taxel

The morphology of paclitaxel prepared by solvent-induced method
with non-polar solvents (methylene chloride, pentane, toluene,
chloroform, methyl t-butyl ether, and acetonitrile/hexane [1:2; v/v])
was confirmed through XRD analysis (Fig. 4). Amorphous pacli-
taxel shows no meaningful peaks, whereas crystalline paclitaxel
shows peaks at 26 values of 5.6, 9.1, 104, 12.7, and 21.1° in the
XRD pattern [10,13]. In the result, the XRD patterns of none of
the solvents showed a significant peak, which suggested a typical
amorphous form. There was no difference between the peaks of
the different solvents. The results of the SEM analysis (Fig. 4) showed
that the shape and size of paclitaxel particles were different for the
different solvents. When methylene chloride (Fig. 4(a)), acetoni-
trile/hexane (1:2 [v/v]) (Fig. 4(b)), chloroform (Fig. 4(e)), and pen-
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Fig. 3. Effect of microwave-assisted drying time on the concentration of residual solvents in microwave-assisted dried samples pre-treated
with methylene chloride (a), acetonitrile/hexane (1:2 [v/v]) (b), toluene (c), methyl t-butyl ether (d), and chloroform (e) at 200 W.
Dotted line indicates the concentration limit (ppm) of methylene chloride (600 ppm) and acetonitrile (410 ppm) according to the Q3C
guidance of ICH.

Table 1. Summary of the residual concentrations, ICH-specified values, and dielectric constants of various solvents and drying methods

Solvent ICH-specified Residual concentration (ppm) Dielectrig
value (ppm)*  Rotary evaporation ~ Vacuum drying  Microwave-assisted drying ~ constant

Toluene 890 7500 6000 6000 3.00
Methyl t-butyl ether 5000 22000 20000 20000 2.60
Methylene chloride 600 30000 18000 550 9.10
Pentane 5000 1000 N/A’ N/A 1.80
Chloroform 60 76000 71000 65000 4.80
Acetonitrile/Hexane  Acetonitrile 410 8500 3500 300

(1:2 [viv]) Hexane 290 N/D N/D N/D 945

“ICH-specified value obtained in ICH guidelines [11]
*Dielectric constant obtained in previous studies [26-28]
‘N/A: not applicable

“N/D: not detectable
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Fig. 4. XRD patterns and SEM images of paclitaxel prepared by solvent-induced method with non-polar solvents. (a) Methylene chloride, (b)

acetonitrile/hexane (1: 2 [v/v]), (c) toluene, (d) methyl t-butyl ether, (e) chloroform, and (f) pentane.

December, 2017



Effect of drying methods on removal of residual solvents from solvent-induced amorphous paclitaxel 3047

tane (Fig. 4(f)) were used, the morphology of the paclitaxel particles
was irregular, whereas the particles were spherical when toluene
(Fig. 4(c)) and methyl t-butyl ether (Fig. 4(d)) were used. In addi-
tion, when methylene chloride, chloroform, and pentane were
used, the paclitaxel particles were bigger than 150 um and the par-
ticle size distribution was wide. However, f the paclitaxel particles
were smaller than 10 im when methyl t-butyl ether, toluene, and
acetonitrile/hexane (1:2 [v/v]) were used. This difference might
have been caused by the supersaturation of paclitaxel in the non-
polar solvents used [29-31]. This effect has been reported in previ-
ous studies that showed that supersaturation affected the rate of
nucleation, and a higher nucleation rate caused smaller particle
sizes [10,32]. For APIs, smaller amorphous product has higher uti-
lization value because it is advantageous in terms of removal of
residual solvent and improvement of solubility [32]. Thus, amor-
phous paclitaxel with a smaller particle size can be easily produced
by selecting an appropriate organic solvent. Our results can con-
tribute to the development of better techniques to mass-produce
other similar alkaloid drugs.

CONCLUSIONS

We investigated efficient drying methods to remove residual
solvents from amorphous paclitaxel, which was produced using a
solvent-induced method. Among the residual solvents of amor-
phous paclitaxel produced using non-polar solvents (methylene
chloride, pentane, toluene, chloroform, methyl t-butyl ether, and
acetonitrile/hexane [1:2; v/v]), pentane and hexane were easily
removed by simple rotary evaporation within 1 hr, and they met
the ICH-specified values (hexane: 290 ppm, pentane: 5,000 ppm).
The concentration of methylene chloride, acetonitrile, toluene, methyl
t-butyl ether, and chloroform did not meet the ICH-specified val-
ues, even after additional vacuum drying. When additional micro-
wave-assisted drying was performed for methylene chloride and
acetonitrile, the concentration reached 580 ppm in 23 hr and 400
ppm in 3 hr, respectively; and this was sufficient to satisfy the ICH
specifications (methylene chloride: 600 ppm, acetonitrile: 410 ppm).
The concentration of toluene, methyl t-butyl ether, and chloro-
form did not meet the ICH-specified values even after additional
microwave-assisted drying. The results of SEM and XRD analyses
showed that the morphology of the amorphous paclitaxel was irregu-
lar when methylene chloride, pentane, chloroform, and acetoni-
trile/hexane (1:2, v/v) were used, whereas the paclitaxel particles
were spherical when toluene and methyl t-butyl ether were used.
In addition, the amorphous paclitaxel particles were bigger than
150 pm and the size distribution was wide when methylene chlo-
ride, chloroform, and pentane were used, whereas the particles
were smaller than 10 pim when toluene, methyl t-butyl ether, and
acetonitrile/hexane (1: 2 [v/v]) were used.

ACKNOWLEDGEMENTS

This research was supported by the Basic Science Research Pro-
gram through the National Research Foundation of Korea (NRF),
funded by the Korean Ministry of Education, Science and Tech-
nology (Grant number 2015016271).

REFERENCES

1.]. H. Kim, Korean J. Biotechnol. Bioeng, 21, 1 (2006).

2.K.Y. Jeon and ].H. Kim, Korean ]. Biotechnol. Bioeng., 23, 557
(2008).

3.K. V. Rao, J. B. Hanuman, C. Alvarez, M. Stoy, J. Juchum, R. M.
Davies and R. Baxley, Pharm. Res., 12, 1003 (1995).

4.E. Baloglu and D. G. Kingston, J. Nat. Prod., 62, 1068 (1999).

5.H.K. Choi, S.J. Son, G. H. Na, S.S. Hong, Y. S. Park and J. Y. Song,
J. Plant Biotechnol., 29, 59 (2002).

6.B. C. Hancock and M. Parks, Pharm. Res., 17, 397 (2000).

7.B. C. Hancock and G. Zografi, J. Pharm. Sci., 86, 1 (1997).

8.K. Prakash, R. Jieun, H. M. Kim, LS. Kim, J. T. Kim, H.I. Kim,
J.M. Cho, G.A. Yun and J.H. Lee, Asian J. Pharm. Sci., 9, 304
(2014).

9.R. T. Liggins, W. L. Hunter and H. M. Burt, J. Pharm. Sci., 86, 1458
(1997).

10.J. W. Yoon and J. H. Kim, Korean J. Chem. Eng, 28, 1918 (2011).

11.ICH guidance Q3C impurities: Residual solvents, Fed. Regist., 62,
67377 (1997).

12.].H. Kim, H.B. Park, U.S. Gi, L.S. Kang, H.K Choi and S.S
Hong, Korean J. Biotechnol. Bioeng., 16, 233 (2001).

13.U.S. Gi, B. Min, J. H. Lee and J. H. Kim, Korean J. Chem. Eng, 21,
816 (2004).

14. Y. Kawashima and P. York, Adv. Drug Deliv. Rev., 60, 297 (2008).

15.H.S. Kim, Y.B. Chae, S.B. Jung and Y.N. Jang, J. Miner. Soc.
Korea, 21, 193 (2008).

16.Y. Li, Y. Lei, L. B. Zhang, J. H. Peng and C. L. Li, Nonferrous Met.
Soc. China, 21, 202 (2011).

17.]. Y. Lee and J. H. Kim, Sep. Purif. Technol., 48, 1809 (2013).

18.T. Basak, M. Bhattacharya and S. Panda, Innov. Food Sci. Emerg.
Tech., 33, 333 (2016).

19. L. P. Fennell and D. Boldor, Biomass Bioenerg, 70, 542 (2014).

20.K.Y. Kone, C. Druon, E. Z. Gnimpieba, M. Delmotte, A. Duque-
noy and J. C. Laguerre, J. Food Eng., 119, 750 (2013).

21.P. Kumar, B.K. Sahoo, S. De, D. D. Kar, S. Chakraborty and B. C.
Meikap, J. Ind. Eng. Chem., 16, 805 (2010).

22.7.Y. Lee and J.H. Kim, Korean J. Microbiol. Biotechnol., 40, 169
(2012).

23.H.S. Kim and J. H. Kim, Process Biochem., 56, 163 (2017).

24.7.Y. Lee and J. H. Kim, Process Biochem., 48, 545 (2013).

25.C. G. Lee and J. H. Kim, Process Biochem., 50, 1031 (2015).

26.]. Y. Lee and J. H. Kim, Korean J. Chem. Eng., 28, 1561 (2011).

27. A. Jouyban, S. Soltanpour and H. K. Chan, Int. J. Pharm., 269, 353
(2004).

28.S. Hemwimon, P. Pavasant and A. Shotipruk, Sep. Purif. Technol.,
54, 44 (2007).

29.E. Cho, W. Cho, K. H. Cha, J. Park, M. S. Kim, J. S. Kim, H. J. Park
and S.]. Hwang, Int. . Pharm., 396, 91 (2010).

30. M. E. Matteucci, M. A. Hotze, K. P. Johnston and R. O. Williams,
Langmuir, 22, 8951 (2006).

31.Y. Dong, W.K. Ng, S. Shen, S. Kim and R. B. H. Tan, Int. J. Pharm.,
375, 84 (2009).

32.S.H. Pyo, M.S. Kim, J.S. Cho, B.K. Song, B.H. Han and H.J.
Choi, J. Chem. Technol. Biotechnol., 79, 1162 (2004).

Korean J. Chem. Eng.(Vol. 34, No. 12)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


