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Abstract—The desorption characteristics of wool grease on wool with supercritical carbon dioxide were
studied experimentally and theoretically at the pressure up to 35 MPa, the temperature range of 313.2-333.2
K and constant flow rate of carbon dioxide. Desorption rates of wool grease were found to increase markedly
with increasing pressure, to decrease generally with increasing temperature and to increase with increasing
flow rate but the final desorption amounts were constant. The highest desorption amount of wool grease
was 80% at the temperature of 313.2 K and the pressure of 35 MPa with the flow rate of carbon dioxide
of 440 m/(STP)/min, but desirable desorption amount(95-96%) was not found at the experimental condition.
The experimental data were well correlated to desorption rate model, that was proposed by appling the
material balance in fixed bed. The desorption rate constants in the model, k; was nearly constant at constant
pressure and k; was increased with increasing desorption rate.
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Fig. 1. Schematic diagram of supercritical extraction ap-

paratus.

1. Solvent cylinder 2. Cooling jacket
3. Check valve 4. Filter

5. Liquid high pressure 6. Back pressure

pump regulator

7. Pressure gauge 8. Rupture disc

9. Extractor 10. Expansion valve
11. Separating U-trap 12. Rotameter
13. Vacuum pump 14. Gasmeter

TC: Temperature controller
TI: Temperature indicator
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Fig. 2. Pressure effect on wool grease desorption from

wool with supercritical CO,(Temp.: 313.2 K, Flow
rate: 440 m/(STP)/min).
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Fig. 3. Pressure effect on wool grease desorption from
wool with supercritical COy(Temp.: 323.2 K, Flow
rate: 440 m/(STP)/min).
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Fig. 4. Pressure effect on wool grease desorption from
wool with supercritical COy(Temp.: 333.2 K, Flow
rate: 440 m/(STP)/min).
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Fig. 5. Temperature effect on wool grease desorption from
wool with supercritical CO,(Pressure: 15 MPa,
Flow rate: 440 m/(STP)/min).
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Fig. 6. Temperatire effect on wool grease desorption from
wool with supercritical CO,(Pressure: 25 MPa,
Flow rate: 440 m/(STP)/min).
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Fig. 7. Temperature effect on wool grease desorption from
wool with supercritical CO,(Pressure: 35 MPa,
Flow rate: 440 mi(STP)/min).
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Fig. 8. Flow rate effect on wool grease desorption from
wool with supercritical CO; at 25 MPa and 313.2
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Fig. 9. Flow rate effect on wool grease desorption from
wool with supercritical CO; at 35 MPa and 313.2
K.
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Photo. 3. Photographs of wool(X2000) by superecritical
desorption with CO; at 313.2 K.
(a) 15 MPa, (b) 25 MPa, (¢) 35 MPa
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Fig. 10. A section of a fixed bed.
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Table 1. Values of k; and k; at CO, flow rate 440 m/ A sl ) B2 o 5%, B Hzks ok 2%0)9)
(STP)/min o},
kX 10° ko X 107
Press.
[MPa] 3132 3232 3332 313.2 3232 3332 5. é E
K K K K K K

15 —3.173 —3256 —3.225 3.788 3432 3.092
25 —2336 —2.285 —2320 6513 5542 5.798
35 —3412 —3477 —3493 12.000 11.087 10.967

T AR E AME-sl {5 Y 2UA 523
2] 2 313.2-3332 K, 15-35 MPa ®# $]9] 23] Al Abefo) 4]
k2ol F2=lo] gl wool grease2] &3 YL 3 4
e o5 ok

1714 & F43F Wl FF&e)nl AHel 2jshd 068 () 94 2= % %ol X wool greased 2227
o]oich. (2)*44 as/ot, & ok o ¥-2=e} Qi wool @ gejo] Z7}Y4E wool grease®] FALEE @A
greased] HAEEE (323 2 AP or 238d 844 Z7h= gk
A L (2) 93 9 9 FRFAE Lt dopSE
35 Wbo g A s ok ZrhEv o] gl
5= ktkS) (3) vla) 2 & Agkch
} (3) 44 2= 9 el AE ffo] F7HASE o
A71A kit ks SAFE Aol M 2712 e} zobEgiodt AFHAeL A2 Asield

£ S(Z, 0)=Spolt} (3) A& HEF F (2) 4] td3t (4) =82 3132 K, 35 MPacllA] F 84]7F Z-qkoj]
TR FY AL FTA A = C °F 80%2) 7H4 & By 2a4-< vehiich e
£ ohg3 o] At wool grease®] ©a-g-2 259 71dFA ¥ AALS

a# e 95-96% % Ritshs o) vlEALRE ¢

1—¢ ki+kS gL
C = - —1—k~23— {exp[—kz<t—6~>] olAbglekanto 2= nhEdnlal ©hakgg o] & 47} 9ldd
—exp(l—kzt)} 4) et
(5) Wool grease®] &350 gt 2 & | 3ksls]
3714 L& FA5¢ Fololh i, AlkEl mdle A9 HF oF 2% ool A &
£ Aol Az wool grease] MAkekg A1ZH) ol o Agqon, UG Skl BRET 5 kS %
gt 24t oz (4)AE A7kl ds AEstd (5) o] BAIgle] AAG oA Ao ARt om, ke
Azt 25 2ialg 57l wEFE ZolE o)
1—e ki + koS kseL
e AE718
[exp(—kst—1)] (5)
A :cross sectional area of extractor [ m?]
%25 wool grease®] H4teFal [Cdts} A17H(D) Al & C :concentration of wool grease [kg/m®]
A& d)o]e] &3E] Simplext[13]ol] o] A& &3} C. :exit concentration of wool grease [kg/m®]
£x ALk kS Felolck A oA g & D. :effective diffusivity coefficient [m*/sec]

=

AET P4 ke %ol DAl AT A A : desorption rate constant [kg/m*-sec]
5] o'_lx%g].ga o ki FALE T} WERE Z7)E g k: :desorption rate constnat [1/sec]
o] =& Table 1, 20 Helstelon] o]5-g Agslo] L :fixed bed length of extractor [m]

=

AT ANRE BE QAN A8 dlojeish g P pressure [MPa)
Table 2. Values of k; and k; on flow rate at 313.2 K
k X108 kX 10°
Press. [MPa] Flow rate[m/(STP)/min] Flow rate [m/(STP)/min]
220 440 660 880 220 440 660 880
25 —1.024 —2.336 —-3.123 —4.005 2.666 6.513 8306  10.500
35 —1.586 —3412 —3.722 —5.020 5.533 12.000 13630 17.616
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S  :loaded wool grease on greasy wool [kg/m?]

S, :initially loaded wool grease on greasy wool [kg/
m®]

t  :time [sec]

T :temperature [K]

U :superficial velocity of solvent in the extractor
[m/sec]

Z  :distance from extractor bottom [m]

¢ :void fraction [-]

i3

oEH

L g&d : “Fruby”, EAH1977).

2. AWP Holding Limited(Australia) “The De Smet
Wool Scouring Process”, (1987).

3. Motiuk, K.: JAOCS, 56(2), 91(1979).

4. Motiuk, K.: JAOCS, 56(6), 651(1979).

3|51T8t H30H M45 199244 8%

10.

11

12.

13.

. Motiuk, K.: JAOCS, 57(4), 145(1980).
. Kurnik, R. T,, Holla, S.]. and Reid, R. C.:J. Chem.

Eng. Data, 26, 47(1981).

. Adachi, Y. and Benjamin, C-Y.: Fluid Phase Equil,

14, 147(1983).

. Mchugh, M. A. and Paulaitis, J. M.: /. Chem. Eng.

Data, 25, 326(1980).

. Tolley, W. K., Altringer, P.B. and Seidel, D.C.:

Separation Science and Technology, 22(2&3), 1087
(1987).

Sutikno, T. and Himmelstein, K. J.: Ind. Eng. Chem.
Fundam., 22, 420(1983).

Fleck, R. D., Kirwan, D. J. and Hall, K. R.: Ind. Eng.
Chem. Fundam., 12(1), 95(1973).

Tan, C.S. and Liou, D.C.: AICRE ], 35(6), 1029
(1989).

Nelder, J. A. and Mead, R.: Computer J, 7, 308(1965).



