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Abstract

A multicomponent aroma meodel solution, consisting of seven organic model components in a dilute
water solution, was pervaporated through the polydimethylsiloxane (PDMS 1060) membrane. Flux
slightly decreased with increasing downstream pressure at low feed temperature but the flux slightly
increased as the feed temperature was increased. And the flux strongly increased as aroma concentration
was increased. The enrichment factor of a aroma model solution had greatly effect on pervaporation
parameters. Especially, acetic acid had the greatest value and the others had a severe fluctuation with
the pervaporation parameters. In this study, the downstream pressure, aroma concentration and feed tem-
perature were the most important factors affecting on the recovery of aroma in pervaporation.
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W(pervaporationy& ©J8¥ + k. o] A FF A
o doll &3t aroma’dB-& 35 T FH FF F uiA
aroma JE-E W& WS, 55 Fol g2 dsl 2
= 718 8484 2 571258 aroma HEE F
Z ¥ 5289 oA He F A 9ol Uck(Hicks,
1990; Karlsson er al., 1993).

5 729 (pervaporation) 29 41 % (reverseosmosis), &
9o ZHultrafilration), 8 ¥ FHmicrofiltration) 1] 3L
71 %2 (gas separation) T3] uHE-2]7)&2) sl o]
L B2AESH-LAR RRAEY o7 f)eee g
P gy IR 4F {I1ES AAY {7
ERE 5 EPAHEY ¥ B9 v E3HoH E
8 7129 HeFAHereE Bl Bobsd €82 &+
L9 Fo FHEFEY Fel, vlBHo] FAI AH
EWE B, ol4daA 3 ol A AANETYE
o] gale} H4 & R AA, F718009) 5
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7} BRI Qe AL F3e} Fgo] Al aTEH
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o] FUFEE FFI7] 9% srvlE FagEd
%718 T Y8t Had YAu g 5o ¢
g SAvle] A A dlEolch(Takeshi, 1994; Kim,
1994).

FHEdg o] &% e qRFHOE A
oM &E - FHE 93% oNEHES 998% ol4e) T
NEEZ T3] {8k BEE €4she T (Lim et
al, 1999; Ahn er al, 1997)3 W=A goldy} LCD
AAAZ g8 2EE IPA 533 (Hong et al,
1998; Hong et al, 1999), A3 E Agdol AAgA=
AEEE 2AE - ol E B9 f718W B B
(Rajagopalan et al., 1994; Ray et al, 1998)%] &8
a, Heut tiy] ol e WEE - G4 gl
& T FHY /R7IHEVOC)E AA - YFdke K
718 5 FTHAE AMHEHI SlchBoddeker ef al,
1990; Schnabel et al., 1998; Kim et al., 1999). T3t
Eagae ol gAAY 2 ¥ fUIEFAAMY EF
71829 Ba] 5o H&ol @ 5 Utk

AdtF oz Frole oF 500992 aroma’ EE°)
X THBaek er al., 1997; Welch et al, 1982) A2
Azl FE v|X & aromaE-S i FHoo s A
g A @ol] 24EH7 Yot RE ¥E ¥EF2A 100ml
2 guks e 93] 20g, A9 Wie 4R 1g, A
I FEe g e #iefrt 0.1g 2832 aromad

E $71EFE0] 000001 g A% &% chHicks,
1990; Steven et al., 1993).
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Fig. 1. Schematic diagram of the pervaporation system.
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9] acid(acetic acid)® TA =l UL EF Aldrich
Chemical Co.(Milwaukee, WI, USA)IM T8l &
s B2 747t 28 WEI 9F 08-99.9%2 %
g 7He A& A3

SFEHEA

2&7XM FHE permeater AFLo)M A3 =
< w7k o) fluE 23S $51 8%
2 itt, &7 Buld JEEY =& T4
AR 8] AxlM £E7 BAE AECR GC
£ dichloromethane2 ©}& 1:2 (v/v, permeate :
solven)Z 30% E¢ &g nlolgols FE3 F
Z¥ aromaES 1 plo YOS 2 GC columnl AHH
FAEt Peakd] FAON AFE YREEEH
(external standard)el] 9J3] EFRIE|X, L2 aroma
radg FEEFE o3t GCo EMzAL
Table 10 VERH AT

SHEAS 9 BAHEN

Aroma 3|E % Fagde] BAE B A%
d¥Ag oz S48 (central composite design)°l
ojste dAEAR, TR FHHEFERHERDe
downstream pressure(vacuum, X1), aroma concentra-
tion (ppm, X2) 2|3 feed temperature(’C, X3Y& 5
AR B33 R, 8T §4E F5EF(Yn)
2 & ARNE AAET A Y S
F&uge] digk 23 EF Ry ogdt Pt

Y = by+b,X, +byX, +byX; +b, X] +byyX)
+b,, X2 + by X5 + b, X, X, + b3 X X,
b23X2X3

Table 1. GC conditions for analysis of aroma components
from the permeate

Ttems Conditions
Model Varian Star 3400 (Varian Associates, Sunyvale,
CA)
Column Silica capillary GC column

(Rtx™-1, 60 m X 0.53 mm, ID, Bellefonte, PA)

Carriergas N,

Detector

Injection port
temperature

Temperature  70°C to 190°C at a rate 2°C/min, with an initial
program hold of 15 min and a final hold of 5 min.

Split ratio 20:1

Flame jonization detector (260°C)

220°C

4714 Ye FEEEOHETF, X, X, X,&® FHER
T, by HH, o HFHAIRolTh AN 9
3t w2 of&L& SAS program(SAS, 1988)0] ol&
HAZ, BAEY Az gAIEe] Hode A HaH
o] ol Sk (saddle pointyd ZHSolE FAHEH
(ridge analysisy& &t} HAPE Faict Eelzze]
5 A6 YA ¥ dE 2d4Eg v
© 2 SigmaPlot program(SPSS Institute Incy& ©-8-8)
3R W RWOR sfAste] A E k)

TN

Flux

@ A Az @ FAY B2 R
4 oe Y o YR BRE WEL VR &
AE £ Aok

J=g/m2~hr

Enrichment factor

a5y 5oF 7 JREY =& UEE Re
2 aroma A&l enrichment factor(Br= AJF-¢ W&l
FEo] e permeatedre] I AES F=HIZ e
3 o 7o) HHEE

C, permeate
B = C,feed

@714 CE i 4Ee) =& Jehdth
a2 3 0@

Flux

B gAe] A W71 9% vl AR flux,
separation factor “22|3. enrichment factor7} ‘d2] o]&
Hed 53 fux® A8 I A5 FASAEE o
et g 223 WSEE AR YtH(Karlsson
et al., 1992).

Flux®l 734 WA mnge gt ZAAe oA
Zt A Agee 719%E Jehlle R-square 3
0.7106°190t. =&€ A4 SigmaPlotg ©]&
3 33 weRHEd g dasled Fig. 20 e
3, A8 (canonical analysis)olld If-2] Fhe] gt
A7 (saddle point)°] RN Th. wEA T EA(ridge
analysis)oll 2)3F A HougA AL Huywrg
1.092001014 X, 64.001310, X,7} 44.379419 ¥
X, 7t 62.04929301%i T} '



130 ARINERE A 44 A 3E (2000

Effect of downstream pressure

o 3 AL By $AY A8 I R
o] 4 #Hale] A # ol R HoZo| EH
AGE AAS= $8% A7 € # 83, % 2E
2 FA dA A $8% AR E F A

Fig. 20lA9} 7ho] @& 2mofA Y| Fv)
GE fluxs] ko] ZHAE BFou, 2501 ol
FE flux? 4% F7HE Heolx Q) dvtdgez &
F gtgo] FrlelH u sHEHlA FaAdEe] Ful,
A&t =eR] @3 Age] Fopeta, o R
o B4R FE7t 71 "k B 7 Ui
A ] HBLE opr) AJFAL, BaAJERe] AUlEE
T7b BElze 9%E Toh thA g3 FHwAdo] &
Aol e YA BERESEe Z4sk dda o
th(Yeom, 1998). ¥ A7+AHEANA & 2EZoM flux
9 Frle FF9Y 227t wobAwA Bl §54
o] AA fluxe] F717t o|FARX A Yt AR}
Boddeker et al(1990x2 E2%E w2 3etA aroma
o] BEaFw EAME F89 & HEY flux] H
5 A AHe ef&Ade] gle AR Jebdr)

Effect of aroma concentration

FFHY] Fxo e fluxe] W3] s Fig. 290
Mo} o] FE7t Z/MEE fluxe] FET FE B
T Aok, 53 FFAY 257 15°C, 3 4gel 75
cmHg vac. d o flux®] gto] ol$- Azg A B F
UedH oRe e 29 e FEA 3}
aroma 57} 3] vl 2R F3Eh= Eolut aroma
E°] FHE At AZHE}l. Boddeker er al(1990)3=

Fiux (g/m2hn)

Fig. 2. Response surface plot for the flux of a multicom-
ponent aroma model by pervaporation.

B28EH A 5 Y4 aomad) FA3L EA0A
T4 &of Wz FE7} 31 mgkglA 994 mg/kg
Z71g o #H%59 fluxe 04 gm’hrold 127 gim'br
2 F71893, £ fluxe 173.8 gm’hrol A 1894 g/
m’hr T Z71E T R Egc)

Bt olu)gl Rajagopalan et al(1994)2 3o
& diacetyl®] FpellA FFA Lx7} 33°CY o)
&4 orgol 5 mmHgolA 27 mmHgE %71 o
fluxE 53 gm’hollA 19 gm’hE ZadRE, =7t
24°ColA 435°C2 Z7H8 We flux7t 35 g/m’hol A
90 gm’h7tA] F71e AHE BA. & diacetyld] &
=7} 20-2000 mg/LYie fluxe] Wzt vinjgaje
I oldlME fluxe] F48 F7Pt Ao} oF 55% ¥
F F78idcn nassc) B 97 AgdAAE 9
o} Hlg AHE 4d& F UAUTh

Effect of feed temperature

Fig. 20]A9} Zbo] whe LEUSLE fluxel W7}
A3 257t FolASE fluxyt SH9tEe] F/1Ee
£ Fgde] Fxrt AASE A0 7HgA Fot
e B 4

dutEe s 2xrt FU1d AL RaAEE ZA F
AR 8ol oa] GEke wed A, L2 FU18
A gre] REAo] FrlEia fluxE F7MA 7 dlo)
H3 B8R, €57 371 ulel Ea4870e] 99
ofzlo)) 93] MElxrt FrlEE R PUAEIE §
ok dvt3e® 3 A gge] AgH MHxel st
& oF7] AlZItka jichllee e al, 1999). E3] <&
LxoAMe] fluxe] vvlg Aae we] fEA0] A
8 F3eko] 201X Yt AlR€ch. E Hong er
al.(1998)2 #& xor= Aete MFe& Fidle
ol Mgty XAAMe & AFHoE M &=
o] B o]FA FFo| dojd FEL A& e
Zat doup Hez AHE RiEyte] 7]joE)
A B3 =W, T4 w7t SUIESE B F
=7t wolge] wek et ARAH S AlFeA o
olifs £ BAE §Fo] FAEY] Wi FHF
o] Zrgtka Fr}h ¥ Park (19972 29 dX
F2o BaSw BEMoA 27} 10°CHA 50°CHHA]
£ flux W3lol FejAE VERNA $3te v} 70°CoNA
= flux9 foldE BHnt

Effect of downstream pressure
&7 gteo] FoHge] wet 1Y bkl ©E Z}
5 Y RAEEr A2 Hed 24 B3 A4
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29 adke Axd vet AUt F e fe
A "ol dubtden A4A aEARE B3 47
E €5 Al 3 ogo] AR wE Bl g A9
Tt A A4 e B8 A8 8 B
Al o] Aol mEt 18] g MeExrt
Z7reich oA g ga] aidle AEo] uFwA
EAd A% 4o wEg Mdexe zgisiy A4
03 Bifshe Aol HAAREd AS U 0
Ay S7heht 35 el S7 Al 2 sl
Ao BdEe Fdo] woXX AAFHo 2 EFA
o] AR B4R B2 FrieA Hed, o A
+ Frdo] et iAol v @ FwEA @
o} 23 FrIge] W$- & HLA 8RS st
g w3l e Ex&x ws) Yt & Ry
o] F71rl] whet A fr138e] Fagxe 7
Ay W ZFo B udt Basr i #@X3
o f7] el A VeI golde & 7t 3
o} o|2RE W& IRIHoM e B X3E7|de
el MEE Rad fE3tn g2 sEdEM s
e AEe] HeF FEaol fldit

Rajagopalan et al.(1994)2 diacetyld] T FalelA
B Qo] Frtel mE Mexe] wsloM s ¢
ol 5 mmHgoA 27 mmHgE 718 W Mde+
IAEAA 2 HEE HEsA Z3io) v B3 H
E FEddM e EdEgdie 5 ¢ FUH
of Wl diEe] Hdxe 433 e 74E B
(Boddeker et al., 1990).

wEhA 7 ERAEe Y, o R A ¥
273 B ol T RFoMe EAALE AAS
E 8% QA7 51 gt 2 2 3 AA A o)
#g 9 gt J3gg FE3) wrddtdof ok

Effect of aroma concentration

4o FHFY BAolA FFAY 4F vt F
7VaFE GF9 MExs dadted ol 4&d o
g =tate] rhAhsl g3 wjRelnt. oA Za g
4F =t Fobe =W o] BAY dde] A%
A=7t Sk drk 3g Axrt FU1ee] wet 2
AL Alge] fdsl =M wiebA =g B8 4 A
2ol 875e ARyt BasA B olRe I
doflX GF Txrt F7Hge] BE Fige] Sl
3t olfvt 2 & itk FHES] coupling®] ZWd
A B2E o AR aroma RAAF E3le #AxZo 2
& 7tAk8 &3] wE AfFEe F12 Qs @
g Eo Bake FHYY o Hd Sk |

. 23Eg FEde = Frh nE ddxe 7
Adte AYE Adrh

Boddeker er al(1990)y2 &3 slE EFEHNA 9
S8 B0 FFN] Fxrt 31 mgkeolM 994
mg/kg® F7F8 o enrichment factor (Bye 749014 63
02 ZoEE, X E Hong et al(1999)% IPA
(isopropanol)®t & EPEY FIFL BEHAA FF
He] TPA FE7} 10-20% 7HRE AYErt S71 89
Bt 2 o)%9 FroMe AYEst A¥Fow 744
& A8 2. $8 Rajagopalan er al(1995) ¥
% aroma%] anthranilate®] ¥X7} 50 ppm7HAE A€
=7t F7HIA T o olFdAd MY} Hade B
4 At}

Effect of feed temperature

driHo g eyl FrHg mEr FRAETe] 2
g ofslo] o] MEErt FUMIR St Had)
= i) wF 2%t FUie s 2ol %40 St
3t REaGErE S8 HE AYEE A 5HA)7)7)
T jit) 23eg 2xd mE MeYxe] Wil gy
3 JE7ke] Aol B3 R EYEZ
o] AElHEe] T3 Age) Aok Y 03}

22} Rajagopalan er al(1994)= diacetyl®] B35

Table 2. Central composite design arrangement for
pervaporation

Design point X]D Indepelﬁ:‘,:)n variables X;)
1 ~1(55) ~1(20) -1(30)
2 -1(55) +1(40) -1(30)
3 ~1(55) -1(20) +1(60)
4 ~1(55) +1(40) +1(60)
5 +1(65) -1(20) -1(30)
6 +1(65) +1(40) -1(30)
7 +1(65) -1(20) +1(60)
8 +1(65) +1(40) +1(60)
9 0(60) 0(30) 0(45)
10 0(60) 0(30) 0(45)
i ~2(50) 0(30) 0(45)
12 2(70) 0(30) 0(45)
13 0(60) -2(10) 0(45)
14 0(60) 2(50) 0(45)
15 0(60) 0(30) -2(15)
16 0(60) 0(30) 2(75)

UX,: dowonstream pressure {(cmHg vac.).
PX,: aroma concentration (ppm).
¥X,: feed temperature (°C),
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Table 3. Polynomial equations calculated by RSM program

Model aroma Polynomial model equation
Flux Y=0.810775+0.095602X,-0.143020X,-0.088407X,~0.001605X,*+0.001882X X .+
0.000336X,+0.001184X,X +0.000566X,X,+0.000078944X”
Enrichment Y=312.483875-4.967137X ,~8.189194X,-3.334288X,+0.007665X,*+0.091878X, X +0.043930X, "+
factor 0.043215X,X,0.016684X,X,+0.005912X,”
ACET?  Y=339.173750-10.706138X,-2.394919X,~0.124463X +0.085420X ,"+0.039193X X+
0.009579X,-0.002155X X ,~0.006584X X +0.003984X,,’
MTBT®  Y=-163.51631345.084113X -0.593031X,+1.111013X,~0.041265X, +0.010418X, X +
0.005591X,’-0.009978X,X,~0.005529X,X +0.002817X,?
HEXA®  Y=13.564250+0.664925X -0.291225X,-1.430817X,~0.016125X,"+0.004075X, X,+0.005525X, "+
0.028240X,X ~0.006230X,X,+0.000089444X *
BTATY  Y=1.984750+0.746462X,-2.181944X,+0.227638X -0.01 2640X,7+0.031363X,X,+0.008341X,~
0.002755X,X ~0.001378X X +0.000392X,
BzAR®  Y=15.016625-0.247975X -0.727325X +0.094917X+0.000520X,*+0.011365X X ,+0.002436X,’~
0.002990X X ,~0.001495X X ,+0.0011657X;
PNAT?  Y=5:480813-0.136513X,-0.058494X ,+0.269296X,-0.000340X,,"+0.010063X X~

0.000042500X,™-0.002122X,X,-0.001061X,X,~0.001038X,

Yethyl acetate, “acetic acid, “3-methyl-butanol, “hexanal, “buthyl acetate, “benzaldehyde, 7’2-];:he:nyl ethanol.

Table 4. Predicted levels of separation conditions for the maximum responses of the enrichment factor by the ridge

analysis
Aroma” R? X, X, X, Max Morphology
ETAT 0.8224 64.115740 46.393661 56.95215 44.609970 Sp?
ACET 0.9214 68.115836 40.687854 37.91615 18.565959 Min.

" MTBT 0.2031 61.424705 49.741950 42.80760 13.633691 Sp
HEXA 0.4629 65.254934 22794514 68.12256 9.390415 SP
BTAT 0.5976 64.090473 48221941 46.52455 9.147159 Sp
BZAH 0.4010 65.085529 45.800176 34.72702 2915729 Sp
PNAT 0.4052 67.005921 44.155192 42.27561 2.258067 SP

1‘)Refer to the Table 3.
“Saddle point,

oA FFA %7} 24°ColH 435°CE 28 W)
flux® 27183 AYER 33904 412 Z718kdch.
durl A o 99 P HAE I 2EL &
E7F ol WA ezt $itre] Frt Ee
W&o go| F7)o] HE wF Wi THoRo diacetyl
9] o]Fo] WolH g Az YY) EF 180 F
By IE F2 gromad] FHFLANME 2% F7hol
w2 Melzel Z7ph HEAQ oo E A AW
7] FEUT 3 2A FEIF & Busd ALY
oA 99} e 7FeAde] U AR 2EE HAY]
TH(Rajagopalan et al., 1995).

Model aroma
R FAo) Aj AAR HIF vk wye] F4
& Table 3o Wehlidl Hof v H 2 7 o3

AFEe 7od%g Jekls R-square 33 Hdhi-g
Z1%-€ Table 49 VeSS ZH2) aroma 2d 89
of th¥l enrichment factor kol ek W HAEA S
HW, Fig. 3& ethyl acetate®] enrichment factorZ }
B Aoz &7 wolyd wEt o fE FviEs
th 58] W SR 24F, SRS FU1EE
enrichment factor & ZAgPou 2x7} golas
2, 3548l #ASE enrichment factor 3L 23}
A 7k AL 2 £ 39 59 9k
A w2t AdLE 2 g2 FAM Sk AY
£ B3t Fig. 4% acetic acid®] enrichment factorE
W er Jerd Ao R sFetgo] 50 cmHg
(vac.)ol4 60 cmHg(vac.y7}A] Z4sIti7E 2 ol Fdf
oAl Zkel F7kEEE 250 wEl & xjolE Holx|
Roka, FEd wxrt FrHge] mel s el
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Fig. 3. Response surface plot for the enrichment factor
of ethyl acetate.

Enrichment factor

Fig. 4. Response surface plot for the enrichment factor of
acetic acid.

Feoll w2t 2 ¥E F43 F7behe AFE Ve
t}. Fig. 5% 3-methyl-butanol®] enrichment factorE
velhd Aoz s el 79 60 cmHg (vac.)ol A
a2 grel AR Jepitizt o elfelis oA 3haE
T A%e 29t 53 FRYY 227t @ 15°Cd
Mol o e olF WA R AXAFE 1 Fol
71k, el FEde vt AdeE we &
T2 Z4E enrichment factor gte] A¥Ho R F7t
k= Aeke U, 1208 ZeE Frele A
A QgL vAA gyt o)A GEFFHY 3-methyl-
butanole] &7t £ oA FUH TYACE H
¢t} Fig. 62 hexanal?| enrichment factor®] ZH& %t
SEHOR et s g FFPoA BE W
& 2xoME s ol AZFE o] AL

Fig. 5. Response surface plot for the enrichment factor
of 3-methyl-1-butanol.

Fig, 6. Response surface plot for the enrichment factor of
Hexanal.

2 ZFASAr 45°Co e 2 3het s 9l
a3 B SREE AFE O o] AFHeR FIt
At FEY w5 9% A9 29 aromad] FE
7t AFeE o kel wske vud e Bk
flet e A3z B 9 aldehyde®S) hexanal® FF
He] TR €&yl Ha st T &
o Ahgs] & 4Ee U aroma® A7) Buthyl
acetate?] enrichment factor& Fig, 7o el dch
Fig. 7048} 7o} e 49 gl s ¢4y
o] AZEFE 1 Frol thhk A ZA2EHT, TR}
Folx| 3L MR ¢Eol AASLE o L AA FE
Atk 2xol ¢ FFE F& 2 & LEA
W 2 stao] fAlebAl Uebkich ofel e Hahe
e esterfol &3l ethyl acetate®} Fo] RAMITH

Fig. 8& benzaldehyde®] enrichment factorg “EMH
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Fig. 7. Response surface plot for the enrichment factor
of buthyl acetate.

gnnchment factor

Fig. 8. Response surface plot for the enrichment factor of
benzaldehyde.

Zow &Y qtgo] FUIETE 1 @o] Fiadte A
T2 YL 257t AZAFE grol 718t ey
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