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Measurement of Solubility of Phenanthrene
in Supercritical Carbon Dioxide by FT-IR Spectroscopy at 308.2K

Kenji MisHIMA, Masatoshi HONJO, Makoto SAKURAI and Kiyoshi MATSUYAMA

The solubility of phenanthrene in supercritical carbon dioxide (CO,) was measured by using a static

recirculation method combined with on-line Fourier transform infrared (FT-IR) spectroscopy. Experi-
ments were carried out from 11.2 MPa to 16.7 MPa at 308.2 K. The peak of C-H symmetric stretching band

for phenanthrene was used to measure the solubilities of phenanthrene. The solubility of phenanthrene

in supercritical CO, was found to be very small, less than 0.002.

It was also found that the solubility of

phenanthrene in supercritical CO, increased with an increase in the density of CO,, because of the inter-

action between CO, and phenanthrene.
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Fig.1 Chemical structure of phenanthrene.
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Fig.2 Schematic diagram of experimental apparatus.
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Table 1 Experimental results for solubilities of
phenanthrene in supercritical carbon diox-
ide at 308.2K.

P [MPa] Y, ¥ 107
11.2 0.747
14.9 0.979
16.7 1.15

10”2
~ 10 i ?&‘/m
~
10" )
0 20 40
P[MPa]

Fig.7 Solubilities of phenanthrene in supercritical car-
bon dioxide at 308.2K. (QO) this work, (@)
Dobbbs et al."?, (=) SRK equation of state
with interaction parameter (k,,=0.197, [,,=
0.140) .

3.4 BEEDHEE

RS SE _F LR BITH T B @ik st (SR
DVEREZ, REYzBERRE (D —Bikgks (2
DULH R EZEZT, BITENE#E» S XX DL D12
RDOEND. JEL, FAHEOERT LI, —EbxH,
213525k (7 F > b)) ThDEEKESERT.

ot {v?(p—fpiAT }

S RT

=" ¢gexp (1

SAT

22T, pM v id, ERENEERRK S O ESE
EEUERIERTH D, ¢F BEERS DKM 7 T+«
BRETHD. EFE0EFSAT & G, ThThfaf
EHAZERT. p, R, TEETNTNEIE, HeHEE,
AEMTHS. £z, XOBHIZHBWT, 1) FEEFIC
BEFURARIIEM L2, () MEROKME 7 T T«
BRET 1 ST E S, (i) FEAROEBIAREIZIENIC
FOBILBENWETE=DDIREEZHNTNS.

BERR D DG 7 H 2T 1 155 05 DEHEICIE, ki
RY SRK RAEHFEX 2 Tz,



RT a

= ot @
ZZT, E8a bIIXRATHEZLNS.
a:ac{1+m<1*TCU'5)}z 3)
b=0.08664 RTc (4)
be
7z, ae, mIXATHEASNS.
R'T,
a.=0.42747 ()
Pe
m=0.480+1.574w —0.176w" (6)

RESELZRAWRITERT 57201213, BEWDa,
b ZEAANCKVER LR dasian. AR TH
MURGHIZLL IR,

A, =22y Yy ™
i
bm:;]Zyiyjblj (8)
ZZT, ay b ERATHABNS.
aij:(l_kij) (aiaj)% (9)
i (lilij)Z(bierj) (10)

AL THA L 72 E OB % Table 2 127R7.
SRK IREEHFEIT K U PRE U 7= VA FE O I E s R %
Fig.7 lZR_d. MAMEHINT A—F k; BXU; %Ki
kg2 Z iz, SRKAREHERICK DIEMET—
5% BAFICHIBEST 5 2 &M TE .

4. BHYIC

HREES LR FRITIEMR L 727 =0 > b L > OfRNE
gz, 7—U IAWRINGIEE Fourier transform
infrared spectroscopy; FT-IR spectroscopy) ZfEH L
Te B EAGER 7 T D B S R AL i RV MR S I E 22112 T
WE L2 BEREO®E W T — ) TEMRRIV k2 H
Wb ET, RN TH > - BEE R Bk FETOIR
WIEREE I L THRIED T REEZ R L.

0oooooog oveo (Do1o000)

Z £ X ™

1) GREEE=RR, “HERSOURAEOR: S, Zdhe Y
F A (1996)

2) FIEEE, “BERRAOITXT?, 77 AT A
(2004)

3) =ZEfEAE, YIANTOOZTU T, 43, 945
(1998)

4) ZEfdw) g, Kim, 36, 607(1999)

5) =REE, 7y —LT v 7PN, 16, 45(2000)

6) P.T. Anastas, J.C. Warner, “Green Chemistry:
Theory and Practice”, Oxford University Press
(1998)

7) K.D. Bartle, A.A. Clifford, S.A. Jafar, G.F.
Shilstone. J. Phys. Chem. Ref. Data, 20, 713-756
(1991).

8) K. Arai, T. Adschiri, Fluid Phase Equilibria, 160,
673-684 (1999).

9) H. Higashi, Y. Iwai, Y. Arai, Chem. Eng. Sci.,56,
3027-3044 (2001).

10) M. Christov, R. Dohrn, Fluid Phase Equilibria,
202, 153-218 (2002).

11) W.J.Schmitt, R.C.Reid, Fluid Phase Equilibria,
32, 77-87 (1986)

12) C.-S.Tan, J.-Y.Weng, Fluid Phase Equilibria, 34,
37 (1987)

13) K.D. Bartle, A.A. Clifford, S.A. Jafer, J.Chem.
Eng.Data, 35, 355-360 (190)

14) HEFR, wHREE, rIANT>OZTY T, 3,
41 (1992)

15) T.T. Ngo, D. Bush, C.A. Eckert, C.L. Liotta,
AIChE J., 47, 2566-2572 (2001) .

16) Y. Iwai, M. Uno, H. Nagano, Y. Arai, J. Super-
critical Fluids, 28, 193-200(2004) .

17) Y. Iwai, H. Nagano, G.S. Lee, M. Uno, Y. Arai, J.
Supercritical Fluids, 38, 312-318 (2006)

18) F.-H. Huang, M.-H. Li. Lloyd, L. Lee, K.E.
Starling and F.T.H. Chung, J. Chem. Eng. Japan,
18(6),. 490-496 (1985).

Table 2 Properties of pure components and interaction parameters.

Substance T.[K]* P.[MPa]® wl—1° v*[m’-mol 1" PS[Pal*
Carbon Dioxide 304.1 7.317 0.224 — -
Phenanthrene 878 2.90 0.431 1.512x107* 2.69

* Reid et al.[21]
" Perry et al.[22]
¢ Kudchadker et al.[23]

(6)



FT-ROODODOOOODOODOOODOODOOOODOO000OO0D00302K000000000 (ODOOo0) — 13—

19) J.M. Dobbs, J.M. Wong, K.P. Johnston, J.Chem. 22) R.H.Perry, D.W.Green, J.O.Maloney, Perry’s
Eng.Data, 31, 303 (1986) Chemical Engineer’'s Handbook, 6th Edition,

20) G. Soave, Chem. Eng. Sci., 27, 1197-1203 (1972) McGraw-Hill, New York, 1984

21) R.C. Reid, J.M. Prausnitz, B.E. Poling, The 23)  S.A. Kudchadker, A.P. Kudchadker, B.J.
Properties of Gases and Liquids, 4th Edition, Zwolinski, J.Chem. Thermodynamics, 11, 1051
McGraw-Hill, New York, 1987 (1979)

(1)



