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Asd ZEiwe BamE AT e gk SAk2(p-dioxanone, 1,4-dioxan-2-one, PDX)S ILTEE A ASH]
A3l ST A Tkl B ES AYHORE AAS o AHs SulE Ao, §uE 47 23S
BB Audds A¥S A3t 2 ddolAHo] E(EA), H Eglslo] =2 F3KTHF), o4l =(acetone), M|
ghE&(MeOH), oll¥HE(EtOH), 1-ZZ3H-E&(PrOH), 1-F§-3(BtOH), 1-H&H-E(PtOH) 5= AFE3l] -10~15 T2 &&= W
HellA alE APS AR e, Fafol&del o3 3 ST AlTE LS njo) gy L=} nwst
Sk 1 Az, gujo] ulE PDXQ fdlE W SR 2EoFEAL A oR fa w7l & Eli(acetone, EA,
THF)7} &3:&Alol vl A Jdehfigdon, 593 dmgAor= Exleko] 2 FAjo] & gujds= 2 3t
= YeERGITE st oHotAElo|EE ARSS Ft AEr AR st Al &S PDXell BlE] 19(FABHE AA A

& AL E F3o] JTE WX BELEo] AUFow AAHOH, 999% o]4e 1+E PDXE ¢& F
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In order to obtain a highly purified p-dioxanone (PDX) as monomer of biodegradable polymer, suitable solvent must be
selected. The selection was based on the solubility of impurities, and partial layer melt crystallization were carried out
under the presence of solvent. The solubility of PDX in various solvents such as ethyl acetate, tetrahydrofuran, acetone,
alcohols (methanol, ethanol, 1-propanol, 1-butanol and 1-pentanol) were measured over the temperature range of -10~15
C. As solubility parameters, the mixing and dissolution enthalpy between the PDX and the solvents was studied based
on empirical equations and the regular solution theory. The solubility and the temperature dependency of the solubility
with the solvents of acetone, ethylacetate, and tetrahydrofuran of PDX were shown to have relatively high values
compared to the alcohol type solvents. Also, in same alcohols, the smaller molecules and higher polarity gave higher
solvency. In partial layer melt crystallization, small amount of ethylacetate selectively dissolved impurities and gave
highly purified p-dioxanone, over 99.9% purity.

Keywords: solubility parameter, crystallization, selection of solvent, p-dioxanone
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1. M = AUWFA o7 pPDXC] TENHES FimRl PDXC] wkel FA

o e, Rieme) Svh We Aol Zemze dghgol

Za).9}2}) SAR(poly(p-dioxanone), PPDX)S AJ5al4 Zejn) 2 AL Bajeko] Folx)= EARE 7B A glvk 29 oled &
de] defA olom, 55485 2% w5, AHEY, 29, 45, Amze] ZRaS 277 95 S Hekow AbEEs Ao
AL, wo] 3 A=), 9l7bet dele] 44 maedeiE Bl ol S0l A7 HF ZEvie) EeEE 1ET 5 gle Wk of
Soll ARgE oA a1 QT 1-3]. T3 HT o] s A3H e AlE Il Ve, BAEE dolx = 91910] ¥7 9tk Figure 12 Tlole al2]
uhol] ek o] FEWA U3 E FekaE %S uiAlEk] $let Z(DEG)9] B4 kg0 2HE] pDXE AT, 0|2 1459 4
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Figure 1. Synthetic route for the preparation of PPDX from DEG.
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Table 1. GC Conditions for PDX Analysis

Column 25 mx0.53 mm ID, BP20 1.0 UM (SGE)
Carrier gas 6 cc-He/min

Injector temperature 200 C

Detector temperature FID, 250 C

Column temperature 60 C~250 C (10 K/min)

PDX2 A £&& HEGHE §alE APS fd nEe e
oM EIO| E(EA), HIEZ}SIo]| =2 FHTHF), °FAl=(acetone), ™EHS
(MeOH), SI€HE(EtOH), 1-FE-2(BtOH), 1-XZ%-E(PrOH) %! 1-3
EHE(POH) 5 AHE-3H3l o, 8-l = vl 7l (solubility parameter)
9} gAdlgu) o] uzs F&l AHg Sl AT

2.4 o

2.1. Al2k 2 2

2 Aol AME-E PDXE g dZEE(DEG)S] g4 3
kol o8] A3 AYLEA A (mini-plant) oAl 25 A 2% ST} Table
o] GC ¥4 xAol wal BA3 PDXY 5= 93~95% AERO
W, BeEgE oddlZFTZH(EG) 0.6~0.4%, tolgddAZaE 02~
0.15%, EgdAZTZHTEG) 0.5~0.16%, 71EF 5.45~3.79% 59|
23te]o] QltkFigure 2 F%). L3t Sal% S &) AFESE a5
% PDXE 1 AggolA Adst Aol whel A =HI[3,4],
ot A shel G RE Hagkete] 99.99% oo SEE AAE]
o} T3k ARE-SE Sl AldrichAFZFE] oSt 24 AjekFel oE
oM EIO| E(EA), HIEZ}SIo]| =2 FHTHF), °FAl=(acetone), ™EHS
(MeOH), SI€HE(EtOH), 1-FE-2(BtOH), 1-XZ%-E(PrOH) %! 1-3
BF&(PtOH) 52 %] molecular sieve 3 A S FYsto] Sl 3-8
AAS & AFESIATE Table 20i= AH8-3F PDX 9} SvlE2] &4 %k
S YeRIth &, S8MEY(AH) S TAUE@)FS D84 3
Z|(differential scanning calorimetry, DSC, TA Instruments*} 7]17])%}
W24 X (Mettler Toledo”]1712] No. 2102602} No. 2384915 A}
DE 22 ARgEte] S5kt v e o2 pDX S| g8l w v
G 8) S A 637} Table 425E] AXFSH gholth.

—

2.2. PDX9 &3% =

Figure 3¢&= PDX 9] &3l % 574 A& Hepigitt &= 54
L@ g3 2% FAE s f2l AL 4 AFAZ e
Qldl, &) AFE AF oz s glom, Ui AFe dnjx)e
Tkl o3t REA7) ThsEtEE M3 E o] vk s U] &
T SAE 8 K-typed] GANG@)E AAEAH, A7N(@)F
E3te] e el A, 715= AT gt PDX S} o] Adst &3

)

A 2 7 )(@)2F A4 313 A (magnetic stirrer, @) S AF-
shleh m3k Bl 574 8719 dAe 2xxde 9% &= w3
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Figure 2. GC diagram of PDX crude included impurities.

Table 2. Physical Properties of Purified PDX and Solvents[13]

Material M.W. T T Afg a 3 J 12

(g/mol)  (K) (K)  (kJ/mol) (g/em’) ((cal/mol) ™)
PDX 102.09 301.70 473.00 16.14 1.390 12.96
Ethylacetate 88.11 189.15 350.15 1048 0.895 9.09
Tetrahydrofuran ~ 72.11 164.76 339.12  8.540 0.882 9.04
Acetone 58.08 178.50 32922 5720 0.784 10.02
Methanol 32.04 17547 337.00 3215 0.786 14.52
Ethanol 46.07 158.66 351.50 5.020 0.785 12.71
1-Propanol 60.10 147.66 37030 5372 0.799 12.18
1-Butanol 74.12 184.53 390.88 9.372 0.806 11.60
1-Pentanol 88.15 195.00 411.13 10.50 0.810 10.90

Table 3. Values of ¢ and /4 in Various Solvents

Solvent @ (-) £ (Kh d(In x)/dT
Ethylacetate 3.830 %107 0.0492 0.0216
Tetrahydrofuran 2.184 %107 0.0359 0.0235
Acetone 9.876 % 10™® 0.0541 0.0156
Methanol 2.621x107" 0.0989 0.0704
Ethanol 5765107 0.1346 0.0702
1-Propanol 4.166 %107 0.1498 0.0651
1-Butanol 9.414x 107 0.1616 0.0584
1-Pentanol 3.540 X 107 0.1620 0.043

A (circulator, D)= Ao] L EALS] HTRC-20E2-S ARE-511=H,
Uitel]l E3} o =] SHethylene glycol)] E3H-g-A& A8t o
Aot 252 315 21, PID (proportional integral derivative) A<
Z1@)ell <3l £0.1 TE] WLlelx] LEF Aotk

PDX 9] €35 =42 polythermal method[19]5 % 8-8}1=t, ©|
e gElE Aol §uigk 1% PDX AR ARHS Aok
T YR LE2 0,01 K/minCE o5 A3) WalwHA|, pDX7F ¢
5] galEo] TAY 4o BolA| oks we] LaE A5k U

AAE st gujadgol #st AT 583

Table 4. Group Contribution Values of PDX

Structure group (cal 1 /Zcmmmol'l) Number Total
-CH- 133 3 399

-O- 70 2 140

-COO- 310 1 310

Ring, 6-membered 100 1 100
Total 949

(@©:Circulator @:PID cortroller
@riagnetic stirrer @: Magnetic bar
@& Triple Vacuum Jacket
ErTemperature probe @:Thermometer
&Personal computer

Figure 3. Experimental apparatus for the solubility test of PDX.

23. B2 Zojagst Bl 2/st ppxe| x|

tl. PDX 982 FE AFg YehlE S22
el A3t Ao dEF 2] &) Axs AAsdh 23
s} e Zh7he] 8ol PDXE At ulgR EAIA A4 s
FI F UF 2525 30 CTE A5t §AddH=E WE & 0.1
K/min8] WA&52 d457)9 225 WAt 4437 25
XA Wel7h=d), ok 20 T ZWelX 1559 PDXE YA HI(E
2L, seed) = "= 91381, o] TAE AAs] dlelA AA3] st
WA o] TAE FH R PDX Ao uisHERE FAdH7] Als)
W, 2 C7HA] WA 71aA AA S AAskeich olojA dAe] 34
& vAgas A4y o2 N Fesl] Y8 d4sr]9] s
WMEE A & Ay B8 F4% PDX AP 22 HE AASG
t}. ojojA U39] PDX A L5 thA] g1 o]0 7 AEAlA
A A2 A= RE AT FAE PDXE] 5+ GC

M
A7 xaiz AR £ BEEY §E, uis ol £ 2wl

SR UEhIT 3, K,7h 19wl 207} 05 ol Fol 44 ek A
& ofulah, K7k 09 wlelt B4e] Shs] Relge Wk
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Figure 4. Experimental apparatus for layer crystallization of PDX.

3. Zdu} 4 &t
3.1. Clefst 20 AoA PDXQ| Sl=
Figure 5%} 60l Thefsh Sl 5& AHE-3to] -10~15 C H9]ellA
PDX 9 & Sl APA s YERIITE =, Figure 5 AR
|l 7kl ALLHZq o % PDXY GaErt & Euldl cEotAHlE
(EA), HEZSIo| =2 FHTHF), oFAlE(acetone)= AH-510] PDX 2
L= 5793 Ao} T3t Figure 62 Figure 51| B3l A4
© % PDXO] &3 57} 22 dasA SujEe] EAEe mE YIS
A 7] 93, WE-S(MeOH), E%(EtOH) 1-Z23-8(PrOH), 1-
FEFS(BIOH), 1-HE-H{POH) 52 AM8-3te] 73 Aol
ARAI= 7]Eel 849 %oHJA(x)OH Bt 2EEYE e
e 2ow g ARHI Qe A F A8ste] B8t 22].

01714 xi= PDXO] &8 835, a9} gz 3 T galleolt

Figure 59} 6°] 7 Zd-9-ollM & 4= 9lxel, & A9 Afd =
S5l w2 In x9] A1 @) AR T AgHe o 5 2l
o} B3 ARE-SE gl o] tigt 2o wE PDX 2] 83l acetone
& AHE ) 7P 7o, pioHo] 7P A9kt 5 THFSF EA9]
3golliz A9 fraket Gelling eI

Table 30lli= A¥ AA2RE 24 (2)F AHte] AMst 34 @
gk A%k 5L Bl kel e %1,:_4 7lg7l(d(1n xX)dT) ke A8k }
dF2A GllelM = S0] 2 Sl Tt SkeE <
T Ao, & A e HEE YEh= PDXC] el
off ¥k 2% oJE4(d(In x)d7)E HgkEo] 71 A7 vehsktr &
gk DXl ¥t G 7t G|l Bfoll @ @k d(In xydT A,
BRE AL A ek weby A 8uls 23t A4}
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Figure 5. Solubility of PDX at varying temperatures in various
solvents (@ = acetone, A =EA, Il = THF).
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Figure 6. Solubility of PDX at varying temperatures in various
alcohols (O =MeOH, VvV =EtOH, A =PrOH, []=BtOH, O =
PtOH).

AN 22E E3lE W St A, 25E WEolE o Sell=
o=
T

S5olA f-2l8F=E EA, acetone, MeOH

So] aslglor, 0% A4 2 AeAgst 4l €3 PDX ]
o) BB Meor A A8 A% Auks 34399 A5

ek

32, BIE O7HEL

|lE xgkel A3 el o3l 4o X3 EvEs avd
o7 AAs] 3t It o F 8% ) 7S (solubility param-
eter)7} AFE-H 31 QUtH17,18]. &, A1) §4o B3 ST A (3)
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2 (3)¢] FARL E%E Al B2 thekst el Qs ARE ¢

[l

= dl, & AFelA= Ft-g-HolE(regular solution theory)[20]=
Zgsiolom, A (48} o] vERd & Sl
—AdH
=MoL Ly Vel 5yt @

A7IA, RE o371 A, Ve £40) BT, g2 89 =
T&ola, 6,8 o= §4% g 47e] gEls S|t

TS 2 (4)2 o] ARl Bl =) Y Aol okl A (5)9F &
o] dsher.

Inx ;= AHﬁ” (— 1 %m ) %)

2l @elA g3lE vETE T
contribution method)S 2]-8-3123+=1l[17,21],

FEh= WS 78 7)o (group
2] (6)3} o] ERd 4=

Stk
d2.G
T ©
oJ7|A, de= €49 WE, G= Table 39| A|A| 3 818722 7|22

8}0% ARRE gk, M 84R1 PDX9| EAES Wit
= pDXel 3+ F,%-S Table 33} 2] (6) 0 ZH-E] 12.96 [cal/em’]* &
1*&12]%1\:}. wEba] A (3)2 YA 2541 298 Kol L g
(Tw 3017 K, AHpe= 16.14 kl/mol, VS 73.446 cm’/mol, #/=
0.074)= E7 thdste], uie] &= wiZiwige] gkl 4 ()%
2ol YeRd 4 gtk
Inx;=—0.0766 —6.788x10 ~*- (12.96 — & )) 2 @)
Figure 72 21 ()& 288t §ul9] &8l u7fire] uw& PDX
9] 835 7k& vrEbd Zlolth o] Figure 7614 & 7 Sl=°l, A (7)
of oJal] Axtst 7ha AdPoz FE I LI% 7t Alele] #BAE
A E ™ EA > THF > acetone > PrOH > BtOH > EtOH > MeOH
TAZ gl A9 Ahgke] A% A3E UERISITE 53] E
THF, acetone 2] 73-5-oll= 2] (5)2] o)/d-&- 2o 71 717k 7361‘——
e glE, ol ohE guljel BluRs o Ao 843 &

A=

15t B dgel e A+ 585
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Figure 7. Comparison between Eq (6) and the experimental data
at 25 C.

vjAto] o] AFF Q1 o] o] Arh= A& vl R e PDX 4
Aol felst Fuige & 5 A3

3.3. Q_OH o El-_u_l

A3t Srirtele] Hlold 23(ri= DY el o 231elA 9
Q3w Aol 2 (5)52]_ SAFSE dEle Alowg Tk 4 114_[20 23].
—l, AHfusL_ AH?()I - AI—Iﬁn + AHmlxgl' 7]'01 EH %-JE]D%, o]—EH_/]
2] (8% o] Lhehdl 4 9lek

Hsa
Inx ;= —ATI(%— Yl ) 8
71X, AHpnz SAADI], AHuz EFAET o 53], o]F

ZZA( =DM E AHy = 0017] WlZoll AHns AHp2F 201,
Aglof| g Aol 2o W2 g% M} AH7F A Y
Aol AHu2F AHue= AXEel Q3 78 5 Qlth &, AH= In

x8F TS T8 71272 5E F8IA 9, AHjy= Table 20014
9} o] Aol o3l APAoRE F4 Tledt #holEE, AHu #
2 Table 5ellA1 ¢} o] AR ©] Table 5014 & 5= Q= vl 2
o], AHy= 22 ~102 Kl/mol, AH, 6.4~85 KI/mol2] W$lel 31
O™, AHpu FF5-S PtOH > BtOH > PrOH > EtOH > MeOH > THF >
EA > acetone®] =A1E & 7k YERY o] o] -8 07 Hojut e
£ YehdTh

3.4. PDX2| B AutAN3|

A5 PDXE AlZs] 918 919 S8l AddelA 42 71243
£ 71Fer B 7 dEAR] g AFE-ete] PDX O] i A
ot AFS AAIBIoH, ARESE gule] FRRISkel e 59
PDX®] 12 W FAaR AT G Figure 80 LERASITE o] Aol
A ¢k 4= 3)5%0], THF > EA > acetone > MeOH > EtOHS] A=

PDXS]
=3

¢}£t Z7keka, faREwASE gadshe 43S UERI
TS EA, THF, acetone®| SullE ARE-3t A3le|A] PDX =57}
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Table S. Enthalpy of PDX in Various Solvents 100.00 4 80
Solvent d(ln x)/ AH\U/ A[-[mi.\‘
a1/ (kJ/mol) (kJ/mol) 99.99 ok
Ethylacetate -3852.80 32.0000 15.900 | co
Tetrahydrofuran -4106.10 34.1397 17.999 99.98 1
Acetone -2722.40 22.6315 6.4951 < s
99.97 1 =
Methanol -7503.50 62.3870 46.247 E L 10 3
Ethanol -10217.8 84.9548 68.815 ',E:? 99.96 A E
5 - b=
1-Propanol -11360.8 94.4581 78.318 = - 30
1-Butanol -12256.7 101.907 85.767 99.95 - 0
1-Pentanol -12280.8 102.107 85.967
99.94 L 10
=0~ Purity
-1 Yield
100.00 - 0.006 99.93 T T T T 0
—40- Purity 9:1 :2 7:3  6:4  5:5
me K A PDX: EA
99.95 - _.a y. .
o N // Figure 9. Purity and yield on partial layer crystallization of PDX
o o with ratio of PDX: EA.
99.90 ) - 0.004
< i
§‘ 99.85 f)\ % 99.9% o1 S AN, Kerr 7] 0.002 OJ31E 7HHS & 5
85 \ )
. 4 % = SIS Table 294 £AeH EEL7ANH PDXE] Sool Pt L
& ; \ 2]E4(d(In x)/dT)> MeOHO| 71 AX & oAl MeOHO|
e / N B €)% % 9oL}, PDXUC] THT HeEE HEH AAZ AsA
\ e s
RN \ £ Begel Bt MY 7P EA, THE, acctoneo] 283 g
99.75 - s 2 et
Figure 9°lli= PDX 2] FAI1E 7502 0]l oHolMHo|ES ¢
99.70 T T T T T 0.000 A F7rete] EFAE wHEo] EF 24l WE PDX i
EA THF  Acetone MeOH EtOH E’l’é""ﬂ— AlsJ _if_ol _‘/,_:_II:_ \;,l ZF%T% L}E}—ﬂ Zﬂ\o]r/}_' %—UHOI_] EAQ ook
SLULLDS o] T7FEFE PDX A wi= Sk Wb e adigle
Figure 8. Purity and effective distribution coefficient (Ker) on ™, PDX] ©] %UHOﬂ gt g8l = 8le] Ookol

partial layer crystallization of PDX using various solvents.
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2104
oH

st ®Ml 16 2 H 45, 2005



Aol ofst T Sakee

9:1(PDX: &1l ] AN O] ol 99% °oldE ¥& F e &
T AeH, FEE A-s] FAE] fleliM= EEml7E 82 vt

S & ATk =, A SulE ARS8 A A sl A
= &g nEE 849 3 SHH AER oz AMgsle] JAE
star e, A3t ol AT Harsie] 7191% wnlo] =7k
ShFEE WAEkAL Stk 1?4‘% B AgolA 9} o] fuiE AN A
7Fh= §-8473ke] FEIQl Pt AutAA stell M= Ao &l
At E Bewe] AAZE 44 dojus 2s & F AUlen,
99.9% ol £EE FS F Ao, 8o A% ARGl 7]ddst
of AgAQl Evw AAENE I 45 F de5= & F U4
(Figure 10 #x).
Ul]-ﬂ]-/\ﬂ Figure 10°l:= 912 - AuAA s} 2dollA A4l &
5 AA 235 vebd 292 JA- 2 A $ pDX] GC A=
UEJ%‘% Z7F eIt &, 98.2%2] 55 71X 98 PDX&
|l EAE PDXoll #3l| 1:9(FAMNE ARE-3E i AubAd s A

el 93l 99.93%°] =22 FAEES & 5 AUUTE 53], PDXO] &

i

S8 7HeY FE WSl BAS 1@ 5 Qi obHEA} DEG A
Qo) go] s AAL  9ee & & AT

e

ru

4.

At e gste] o PDX ] ATk

i Al 71 gl
Sl E

A73t7] S8, EotAlH Ol E(EA), HIEEFsto]| =2 Fq
(THF), o}A|E(acetone), ME-2(MeOH), °I€HS(EtOH), 1-ZZ3-&
(PrOH), 1-F-E-(1-BtOH) ¥ 1-3MEHE(POH) 52 &S A5
L3l @ ARt APE Ao tay 2 2 v AES
s T USTh

(1) PDX-8vl] Al9] &3l A% A3, pDXC] &uljel] W& &3l%
9 g3 o] & 0FEAL acetone, MA, THF7} &5&7 o) nls) &
e UERISITE Egt FAs ga Aol = vl wAlgo] #ar
Ao] & SdsE St 2 Fs JERSIch

(2) 1] 3= vl whE PDXS Sl AHATE Gt
foll o]Fo] ¥y g% 27} v|wdt A3} EA > THF > acetone >
PrOH > BtOH > EtOH > MeOH9| A& o] o] &2]of] 43k A&
e ST

(3) &mllell W& pDXO &gy e} E3Es] ] 71 POH >
BtOH > PrOH > EtOH > MeOH > THF > EA > acetone®] A=
F7FeF3AT
4) 88 T/E WA i AHAAsE AAISE PDXE] &
2 S gEufAIS2] 2 THF > EA > acetone > MeOH > EtOH9]
TAE PDXE w5 S7FRL, fFadiidAlee stk webA

.
a

A5

[ NI N

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

®© N
ccccc

A3 oGl w3t AT 587

+5 PDXO] AAIE A% EEAA VIR EA, THF7} T8-S

AN BB AR 0T AAT 5 A0H, 99.9% oo
TR AT} P & 5 AT
N

C. U. Kim, S. I. Kim, J. C. Koh, Y. J. Seo, and B. Y. Choi,
Development of biodegradable polymer by ring opening polym-
erization and crystallization of p-Dioxanone, 2nd Report of
Cleaner Production Program, Ministry of Commerce, Industry and
Energy (2005).

. Korean Patent 2003-0050471 (2003).
. Korean Patent 2004-0033122 (2004).
. Korean Patent 2005-26679 (2005).

M. A. Sabino, J. L. Feijoo, and A. J. Miiller, Polymer Degradation
and Stability, 73, 541 (2001).

. Patent 2,142,033 (1938).

. Patent 5,391,707 (1995).

. Patent 5,675,022 (1997).

. Patent 3,119,840 (1964).

. S. Patent 4,070,375 (1978).

Korean Patent 1999-009205 (1999).

Korean Patent 2000-0040689 (2000).

J. A. Riddick, W. B. Bunger, and T. K. Sakano, Techniques of
Chemistry, Organic Solvents, 4t ed, John Wiley and Sons, New
York, Vol. II (1986).

G. J. Sloan and A. R. McGhie, Techniques of Melt Crystallization,
New York, John Wiley and Sons (1998).

S. M. Gilbert, J. AIChE, 37, 1205 (1991).

P. Ossipov, Int. J. Heat. Mass Transfer, 41, 1205 (1998).

A. F. Barton, CRC Handbook of Solubility Parameters and other
Cohesion Parameters, CRC Press, Florida (1983).

P. Kolar, J. W. Shen, A. Tsuboi, and T. Ishikawa, Fluid Phase
Equilibria, 194-197, 771 (2002).

K. J. Kim, C. H. Lee, and S. K. Ryu, J. of Chem. Eng. Data,
34, 128 (1994).

K. P. Ryu, S. Y. Kim, and C. S. Lee, Mixture and Equilibrium
Property, A-Jin, 232 (2000).

S. D. Roy and G. L. Flynn, Pharm. Res., S, 261 (1998).

K. J. Kim, M. J. Kim, Lee, and J. M. Kim, J. Chem. Eng. Data,
43, 65 (1998).

J. M. Prausnitz, R. N. Lichtenthaler, and E. G. Azevedo, Molecular
Thermodynamics of Fluid-Phase Equilibria, Prentice-Hall, Inc.,
Englewood Cliffs, Chapter 9 (1986).

Vv wnwn

J. Korean Ind. Eng. Chem., Vol. 16, No. 4, 2005



