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Q ok FASsE #W NEF 4254 e o] &ste] FEYORRE 2HE RS B/5F 7HeAE ¢V Asto,
FASs (Fluoloalkyl-silanes-coupling agent)®] &3|% Ir|HE F3lo] dxH29 Eo &3= Fvg s
FASsY 8315 FHHvEE 4, =16.9021, o 2H ZE(ethyl acetate §, =18.1, propyl acetate &, =18.0, ethyl propionate
5, =17.9, butyl acetate &, =17.4, ethyl butyrate §, =17.0)%] &3 = Fer|E o} v Gith. 28y, £ 835 gt g
5, =47.8°1%1 01, FASse| &3l % setrlEl(5, =16.9)%= & 2kolE HEFAUTE o] A4S FASsZ &9 MAT 254 &
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2 AEEY FHEY2d U APA= &% gepr g o5 A3 FAEY 2 3719 &A% A FYdstion,
A= setrEo] o3t BREY 2 5 HA F FEYoRRE Fo FAHARY A2HE LS E/EFdke d 4
g F Adee BT
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Abstract: To find out the feasibility of the separating/enriching esters from aqueous solution using FASs (Fluoloalkyl-si-
lanes-coupling agent)-surface modified hydrophobic membrane, the solubility parameter of FASs was obtained and compared
with those of esters and water. The value of the solubility parameter of FASs (6, =16.9) was almost same with those of es-
ters (ethyl acetate 6, =18.1, propyl acetate ¢, =18.0, ethyl propionate 6, =17.9, butyl acetate 6, =17.4, ethyl butyrate
6, =17.0). However, the calculated value of the solubility parameter of water was &, =47.8, which was far from the value
of the solubility parameter of FASs (4, =16.9). This means that the FASs-modified membrane has a much higher affinity to
esters than water. The experimental results of permeation flux of esters used in this study showed that the order of per-
meation flux predicted by the solubility parameter was almost coincide with experimental results. It might be concluded that
the solubility parameter may be applicable for a separating/enriching flavors from aqueous natural-flavor solution, in which
esters are main components of natural flavors.
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where, ¥ : molar volume [cm’/mol]
E.on : cohesive energy
(=4 Uyyp = 4Hyqp - pAV) [cal/mol]
AH,q : enthalpy change of vaporization

econ : cohesive energy density
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4 Q

AH, = V6,0,(5,—4,)* )

, : volume fraction of component 1 and
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Table 1. Specification of the Surface-modified Alumina
Membrane

Material of substrate AlLOs
Membrane diameter (I0/DO) 6.45/8.00 mm
Length 75.60 mm
Pore size of supporter 0.12 pm
Effective membrane area 18 cm’
Coating layer thickness 200~300 nm

&9tk 138y, Hansen[15]S 1EA9] &)= ugin|
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FT-IR Spectra ¥4 : A& 7 Z3JA|(FASs, Fluoloalkyl-
silanes)Z EH JNAT dFrU FHY LTS &
218t7] 93l FT-IR 4(FT-3000, BIO-RAD, U.S.A.;
FT-IRY E3l5< 2 cm™)S AN 800, FASsE
83 g3 gEuuet 59949 Si-0-Al, Si-O-Si,
Si-C, -CF»-, -CF;9| #%57] =475 Felstaith
ESCA £4 : A% AZHA(FASs)E x4 /2
dFuvet FHA A 7 YA AN AFJARE
Yolr 7] 9fste FEHFEA AR (Electron  Spectroscope
for Chemical Analysis (ESCA); ARIESARSC 10MCD
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FHolA 9] O/Si: C/Si: F/Si: CISio] Yanles 42 0.72:
1.15:4.23:0.000131 01, HEHA ] Fo TEFF
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Table 2. Group Contribution Parameter for the FASs Coated Membrane

Group Fd y En v
(Jl/2 cem®? . mol 1) (Jl/2 - em®? - mol™ 1) (J+mol™) (em?® - mol™ 1)

1 -CF5* 561 8090 54.8

5 -CF-* 1535 2418025 3280 23.1
1 -C-(perﬂuoro)b 0 -6340 -38.3
2 -CH,-* 540 0 16.1

13 -F° 1098.5 905542.6 4190 18

1 -Si* 0 3400 0
Sum 37345 3323568 76020 398.2

* : Hansen group contribution parameter[17]

" . Calculated values of the group contribution parameter with UNIFAC group contribution parameter

ol 7V o Uehstth a54S h4 A dEE
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o, ZHEAQ FASs9 &= BetrEE T3l om,
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L7)et ¥do] FEE FASs9 HHEGY TzE s

3 Zom, FASsO WHEES Fx7} A Qe AHE
7] 1%& -CFs, -CF,-, -C-(perfluoro), -CH,-, -F, -Si
oltt. o]5¢ Z #8&7] 1FE°] WE Hansen group
contribution parameterdt= Table 2] e AT},

-Si-O-
|

(CHz)2-(CF»)s5-CF3

ZF Ag71e] &9 2FE W group contribution
parameters ©]-&3t &= rEE ALty 9
g 24, SA4Y, FA2% AEsd g aAAS

o3 %D}.
5, = /(85+02+657) %)

2F,
4

VI F?
polar force : §, = L

» 1%

o] 7] A, dispersion force : §, =

2E,
7

hydrogen bonding : §, =

F,, : dispersion component,
2 .
F; : polar component
E, : hydrogen bonding component
1A =4 7189 &% bl E(solubility
parameter)= 1A =23 ERAFEA {F71E 749
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Table 3. Hansen and Hoy’s Cohesion Parameter for Liquids

§/Mp 1/

Permeant
0y 4, 0y, 0,
Ethyl acetate” 13.4 8.6 8.9 18.1
Ethyl butyrate® 13.8 7.6 6.4 17.0
Ethyl propionate® 14.0 8.1 7.8 17.9
Butyl acetate 15.8 3.7 6.3 17.4
Propyl acetate” 14.1 8.1 7.8 18.0
Isopropyl alcohol® 15.5 9.0 16.8 23.5
Butanol® 16.0 5.7 15.8 23.1
benzen® 18.4 0.0 2.0 18.6
water” 15.6 16.0 423 47.8
FASs 9.4 4.6 13.8 16.9

* : Hansen solubility parameter{17]

® . Calculated values of the solubility parameter with Hansen group contribution parameter and cohesive energy

Hansen®| 3% Ielu|EHol
L3 = g EHe 5t=16.9°] A

7“19

4.2. 22|cie =2l
o At
Hansen group contribution parameter #k(Table 2)3}
2} 5)ZFH AT FASs &3l stebvle 9 72 f
7] (ethyl acetate, propyl acetate, ethyl propionate, bu-

77|=2(Esters) 2| sl Tl2io|E

tyl acetate, ethyl butyrate, isopropyle alcohol, butanol,
benzene)? &°l thdt &)= Fe}r|HE T3l Table
3 YER A,

71?0 Ethyl acetate (5, =18.1), Propyl acetate
(6, =18.0), Ethyl propionate (6, =17.9), Butyl acetate
(6, =17.4), Ethyl butyrate (6, =17.0), Benzen (4, = 18.6)
9 &= HrH Fol FASse| &d= veirH
5,=1699 HI%F &l e VHAER 29 /jEd
Sate] Agheol 4 ¢ 5 Uk SAE e
7|7} Ethyl acetate (§,=18.1) > Propyl acetate
(6, =18.0) > Ethyl propionate (4, =17.9) > Butyl ace-
tate (6, =17.4) > Ethyl butyrate (8§, =17.0) > FASs
(6, =16.9)°Ith. &, 2o =W /HF £ FASso]
¢t Z18l=+ Ethyl acetate (5, =18.1) < Propyl acetate

mEgol A 24 @ A 6 &, 2014

(6, =18.0) < Ethyl propionate (4, =17.9) < Butyl ace-
tate (8, =17.4) < Ethyl butyrate (5, =17.0)4< 2| v]3}
o=z 349 NEE o tig o] Ester £ FAE
TAE S sEH.
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Fig. 1. Flux of esters through the surface modified alumina
membrane at various temperatures.

4.3, 7H JiZet LFo|ut 2ol CHEl Esterso| FIt
fluxes YR} Soll uf2folE{] AlLx|et
o A
Y EF9 f7]E(Esters) TH HAS &F
Hu whof] tigt T3 fluxesE FHSLTHOE % ﬁ?}
Ads off Zefzol Yehidt. ¥4 2571 3
50°CE F7hetel we} £33 Y82 ¢ 57 }o}%’ir/}.
HAed viop o] dFry 2o 29 Ad A8
FASsol gt Zsl=+&= Ethyl acetate (5, =18.1) <
Propyl acetate (6, =18.0) < Ethyl propionate (4, =17.9)
< Butyl acetate (§, =17.4) < Ethyl butyrate (8, =17.0)
oo, Ao ZH3 T3 ZY2& ethyl propio-
nate’} butyl acetate T} &% ZA YebRTh 134,
S5 Tl o3 ol2a F3 Bejxrel A7)
A7} Ethyl acetate < Propyl acetate < Ethyl propio-
nate < Ethyl butyrate?! A3 AAZ ZAT AFA]

% BREY 2 A7) A7 AY ARS & F
AATH WA, Gl stetrlEl o o3 T3} 229
5L esterFd fF71EY fluxg St F&3HA
29 F e 2oE AdE
4. 4 E

2H(membrane)s F& &3 F¥E(permeability, P)
= g e 2 (sorption, S)¥ & E3s= gt

A4 (diffusivity, D)2] F(P=DS)2.Z Yehity &3 9
SHAGE s g, BRee g xdo] F3et
ol Bl 2 oY #22 v wHIg 24
-4 W35 (affinity)o] &3] ZAHEZ, 3% ¢

7t £ BHEE 45T F Qith Z*(ﬂavor)a B
lﬂE FAEQ esters®] &3] % U] El = Ethyl ace-

m & e

tate (4, = 18.1), Propyl acetate (6, =18.0), Ethyl propio-
nate (&, =17.9), Butyl acetate (6, =17.4), Ethyl buty-
rate (6, =17.0), Benzen (5, =18.6)2.ZA4 XH /N4 =
ARl FASs® &3j= d2tulEl(s, =16.9)9F HlstA o
W, B9 838l= FebrlE gho, =47.8)7s XWP il
% it ol= FASsE /A% 9 AT esters Hw1t
of ATl e AW, B EAGE AHES 05
A= AL otk w@, SE shehulee] o
=3 T3 ZH 29 F7]9 &7} Ethyl acetate <
Propyl acetate < Ethyl propionate < Ethyl butyrate?!
A AAZ A3 AGA o g EHZHA Y 7
A7t A GARE ¢ 5 Ytk 1ER ga=
detv gl o7k T3t T2 o F2 esterF 7]
2o fluxs 01]—‘}% % 7 29 F 9e AoE
BTEEH, FASSE X &

of o Aol fﬂ%w JE AEETE ~palz v
of & gBel Bl - 48T 4 9e Aoln

2039 E ey gedF2AuE AT
(FAM3-120131174).
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