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Abstract

The recovery of trace volatile flavor components from the peach by pervaporation was investigated. The
effect of an affinity between permeate and membrane material has been investigated by the permeation
behavior of permeants in the pervaporation of peach flavor solution. Comparing with three types of
membrane, the productivity of peach flavor in the DS-7 membrane was increased and reached to a cer-
tain maximum response value of 53.74%, as the feed temperature was increased. However, the permeate
flux of the peach flavor in the other two PDMS membranes was decreased, and the selectivity factor
was increased with increasing the downstream pressure of permeate side.
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B8 £4E AEAT e THoE FasL
H (pervaporationy #-§38t2A} 3T}
Eisdie g BEelrled shuEA 2E71A|
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o oF SR AL o|FA 3, o]& o
Al &3] A4 Ryt dojd = Al FehKim
et al., 1999). oldll £ AFM e Beole] tEF
F7)1880lE # & e Y EFELE A9}
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o, z} 9] EAJel ul flux, total permeate, total
component permeate, productivity 58 Y|® 3Lz}
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1. AEN=E

1) Bgol 714 E 8

Egol 714 E &4 BEol /e E W
© 583 AEQ gk BEEAL Agsie 1Y
fdo Az, FYRCE ARG ko
2 Hgol gxoa A= aldehydeH o] ben-
zaldehyde  (Nariaetal,1990), hexanal, 2-metyl-1-
butanol ¥-(Robertson ez al, 1990)3} lacton 72| &
AEA] gk 2§ Bgol ot YRl ydodeca
lacton(Jenning et al., 1964; Robertson et al, 1990,
Horvat et al, 1990; Spencer et al., 1978), acidF=
ool olF AdEolzt dHA Ue formic
acidPower et al, 1921), ether%2] ethyl acetate
(Spencer et al., 1978), 18|31 Bl R A
9] FJE e alcoholF<9 2-metyl-1-propanol,
hexanol 5-& AMH3lo, BEzoprt {3l e ¢
HHel o] F3ld 2eFE A A=

2. MEER]
1) FaEe

(1) Polydimethylsiloxane(PDMS) 1060 membrane
PDMS 1060 =& H¥ Al 444 elastomer ¥

FFdarog o] 244 elastomery dicumylpe-
roxideE X AAIA AFsIHF o, ol {78
& FEHNAM AAs=H T AFE Holx
2AtHKoops and Smolders, 1991, Watson and
Payne, 1990, Takegami er al, 1992). ©] =& &
71-gwfoll & AslHo] ¥, polydimethylsil-
oxane?] I8F EAMO = alcoholdE Foll Hold
Faxel dexE 73 .

(2) Polydimethylsiloxane(PDMS) 1070 membrane

PDMS 1070 =2 ion-exchange capacity, adsorp-
tion capacitys-] #2158 molecular sieving A3}
€ dsl, ojr] 2 71%5°] Y45¥ ¥t 29 (Hennepe
et al, 1987, Dotremont et al., 1995), polydime-
thylsiloxane®)] silicalite® =Xl ez AL
N3t 9to 2, Hennepe(1987) 50l <JaiM A& =
dHIAT. & A7olM AR silicalite® AF7]
7b 03~1nm Q1 th3d EFFY silicaliteo] ™, Al
o] BX¥7t w9 U crystal 729 AlF 2ol
o} olH & silicalite®] FERAH L AAHo=w 35}
Ao, ETZ &aMTYHE FA o] R
F lo], PDMS 1060 =3}e] Agel Hlart =i
Ao, alumina®] AEEE oj= AE FAAA 3
oM AFde R HAEE HAE o83ty A
RIS

(3) DS-7 Nanofiltration membrane

Desalination =F2 Ywka S 2 nanofiltration(NF:
Molecular Weight Cut Off (MWCO)=200~1000
nm) systemo| = AMEEo] gony FiSwst g4
474} hyperfiltration XS AHS- 7Fsg who)
o} B Ao AM-E Desalination 2H2 silicon® 2
FE 439 ere ANE TEsI AR
3, olAo] gujo] i AFHE ZxE Aot
Table 19] & A3l ARG Al =] 548 A
3 st}

2) FIEY AAH

£ AFdMe AMgshe Rasdvte] dud F
FSUARE Fig. 13 Fg 201 JebAich & &
Z]& Lab. scale?} Pilot plant scale®] F7HFEZ
A, NE tank, £ cell(module), 13} ¥ 2%}

Table 1. Specification for PDMS 1060, PDMS 1070 and DS-7 membrane

Membrane Description Thickness (Um) Max. vacuum(bar) Max. temp. (°C)
PDMS 1060 Polydimethylsiloxane 2 um 3 bar 95°C
PDMS 1070 Polydimethylsiloxane-+silicalite 2um 3 bar 95°C

DS-7 Desalination, Silicon based thin-film 1.9um - 80°C
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Fig. 1. Schematic of pervaporation in the membrane
process.
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Fig. 2. Schematic diagram of pervaporation system.,
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Table 2.Central composite design arrangement for
pervaporation

Independent variables
Design X" X,? b &
point coded coded coded
(non coded) (non coded) (non coded)

1 ~1(62.5) -1(40) -1(30)

2 -1(62.5) +1(60) -1(30)

3 -1(62.5) -1(40) +1(60)

4 ~1(62.5) +1(60) +1(60)

5 +1(67.5) ~1(40) -1(30)

6 +1(67.5) +1(60) -1(30)

7 +1(67.5) —-1(40) +1(60)

8 +1(67.5) +1(60) +1(60)

9 0(65) 0(50) 0(45)
10 0(65) 0(s0) 0(45)
i1 —2(60) 0(50) 0(45)
12 2(70) 0(50) 045) .
13 0(65) —-2(30) 0(45)
14 0(65) 2(70) 0(45)
15 0(65) 0(50) -2(15)
16 0(65) 0(50) 275)

l)Xl: dowonstream pressure (cm/Hg vac.)
2’Xz: flavor concentration (ppm)
¥X.: feed temperature (°C)

& 737 A% APAg o2, SGA|, VK] ¥
9] 77 i H¥S A% 4TI H (central
composite experiment designy& AM&-&9, WHER
HEME B ARAME A8 SAS(Statistical
Analysis System)programe AMS-8tth FA Y =
HE S 24 downstream pressure, concentra-
tion, temperature®| o™, Zt FHAFH ZHES
-2, =1, 0, +1, +2, &A GAZ ¥ 33 UL
(Table 2), total permeate, flux, total component
permeate, productivityE FEHT(Yn)E 3t 3HA
S Ao, 7t g o 548 F4e
2 B3R FATEAGANN FAAH] F= A
g glo] 3 ol olBE ATldM e F JiY F4
HE 0002 HAUL, FHAN a F -k
7zt 2 ¥ 22 33 HHOZ (—q, 00), (-0,0,0),
(-0,0,0), (-,0,0), (-,0,0), (-, 0,022 AA
sttt 283 820 d¥¥ezE 23 &, AF )

o) 89 Agyos sgon, Fzd 89 A8
< (-1,-1,-D, -1,-1,-1), (<1,-1,-1), ~1,-1,-1),
-1,-1,-1), 1,-1,-1), (-1,-1,-1), (-1,-1,-1)
= AR 2zt ARe e AxsAe
B, A 7H EgEse tid 2 3A 2R AL
et 2o,

Y=b0+b1X1+b2X2-+-b3X3+bl 1 Xrby XX,
+0, X X403 X X 4b,, X X #+b, X 40, X,
+by; X4,

Q714 Y FEEMOHHMSFEA, 7 o e
total permeate, flux, total component permeate,
productivity”} ¥HEHFRZ FHA I, X, X, XE
ZY(R’MHEFEAM, Zk7} downstream  pressure,
concentration, temperature® A0, b= HH,
bn & 3|AA 0|t} SAS program? ©|-&F 3H
Ao % HHzA9 o& A3, B4 (stationary
point)e] HoiFelv HAHE WEE F Y OF
H(saddle poinyd 7-Folle BAEH (ridge analysis)
< At g S A EE IR
0] FHd5Y B4 mXe d¥L weEw
3| A2 22 sigma plot program? ©]-§3) 334l wb
LxHes 43Tt

w2 3 o

1. HHESHEA

PDMS 1060, PDMS 1070, DS-7 = wlz}, =
AFAEAG o 167719 FHAFEFA ¥, total
permeate?} flux®] S A& Table 30| B7159 %,
total component permeate®} productivity:= Table 4

of ®718k%}.

2. Total permeate

T MFE YE, 7YY = 283 §49
H LxE A B Fdg AIA AA FH
£ A%t el ¥ R FF9EA
F, @2 A FAFoRAM Epol PR &
€ Tl 9low, NS EHEMANE Fig 3, 4,
590 vFeRAITE

o9t 7o) total permeated] ¥HEEHAEA
A7, PDMS 1060 =] total permeater 15°C 2
oM FUY Fxd Tl o] zolrt
AR, 2x7t F7TAEE Faoe] o] uln|EH)
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Table 3. Experimental data for total permeate and flux based on control composite for response surface analysis

No. 1 Total permeate (g) Flux (g/m’ - hr)
PDMS 1060 PDMS 1070 DS-7 PDMS 1060 PDMS 1070 DS-7
1 249 6.77 297 1.3106 3.5639 1.5684
2 1.79 379 2.86 0.9406 1.9997 1.1926
3 351 279 7.39 1.8489 1.4717 3.7330
4 341 1.92 7.39 1.7924 1.0153 3.8938
5 1.89 0.98 2.82 0.9736 05185 1.4866
6 2.29 0.40 2.97 1.2064 0.2152 1.5625
7 2.34 0.86 7.84 1.2326 0.4549 41322
8 6.36 091 943 3.3460 04815 4.9658
9 247 0.65 7.52 1.3010 0.3437 3.9600
10 276 0.63 747 1.4546 0.3339 3.9339
11 7.91 1.66 482 4.1640 0.8760 2.5378
12 7.80 1.16 7.52 4.1061 0.6132 3.9595
13 2.1 0.80 5.52 1.1107 0.4227 2.9054
14 0.39 0.34 6.94 0.2053 0.1817 3.6541
15 4.60 375 2,61 2.4215 1.9766 1.3815
16 6.15 448 9.05 3.2375 2.3607 4.7674
1 Refer to the Table 2.

Table 4. Experimental data for Total productivity and Total component permeate based on control composite for response
surface analysis

No. 1 Total Productivity (%) Total component permeate (mg)
FDMS 1060 PDMS 1070 DS-7 PDMS 1060 PDMS 1070 DS-7
1 5.58 6.50 715 3.57 4.16 4.58
2 3.44 4.99 25.21 330 4.79 24.21
3 8.31 6.38 6.89 5.32 4.08 441
4 6.18 29.05 18.22 593 27.89 17.50
5 6.47 7.95 4.00 4.14 5.09 2.56
6 5.08 527 5.19 4.88 5.06 4.99
7 10.13 75.11 3293 6.48 48.07 21.08
8 17.81 53.80 2394 17.10 51.65 2299

9 7.06 5.18 4.71 5.65 4.14 377 -

10 8.25 5.40 4.70 6.60 432 3.76
11 2740 4.10 3.76 13.15 328 3.01
12 7.37 6.65 328 825 5.32 2.63
13 4.84 6.54 7.65 3.87 3.14 3.67
14 4.69 2.50 2.89 375 2.80 324
15 5.96 3.58 0.44 4.77 2.86 035
16 13.65 36.34 5239 10.92 29.07 4191

1 Refer to the Table 2.
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Fig. 3. Response surface plot for the total permeate of
apeach flavor solution by pervaporation using the PDMS
1060 membrane.

PDMS 1070

Fig. 4. Response surface plot for the total permeate of a
peach flavor solution by pervaporation using the PDMS
1070 membrane.
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Fig. 5. Response surface plot for the total permeate of
apeach flavor solution by pervaporation using the DS-7
membrane.

H PDMS 1070 HolMe a1 483t g &
T7F B3, FE7F 4 ppm F2oNAM A Tl
Gol FA5A FUHEE B & U dudes
2wt Z7M8 AS BAASE ZA F 7R 84
of o5 Pae wevl A, 2=t FUksHE
o] fEAol 713l total permeateE F7HA=
2] H3 EH, 257t UM ot FRAER
7rel g oFsle) o8 MeEyt FUEE St
AAEE . dubg ez A WA ol Ak
H Aegxel AslE ok7)AZIvAL Fd(Lee et al,
1999). £3] DS-7 oMl we 2xoA 9] total
permeate?] FAE A o] fE5AJ0] ol w
E T3] A= ALEEU. Hong e al.(1998)2

2 exoe Aty AZe F34ske Bo) Al
2 XA T AFHo A §Fo] H
I olEA §Fo] dojd REL AEZIHN B9 F
il doju HEE AHEFHQ T 7]HEHA
2 =9, 23 fFode {78E w27t S
42 B9 vt Audez wolye ulgt Al
e ARH AlF Wl dojue & BEAFE §
Zo] FojE7] Wi FHFo] Frlckr
B Park(1997)2] R4 oA F2o| BalEul 2
FoME, L5271 10°CA 50°C7HA= & Sk
Wslol foA-g Yehlz] gteyt 70°ClM e &
o)A-2 BHr)
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Table 5. Polynomial equations of total permeate and flux calculated by RSM program

Response Membrane Polynomial model equation
PDMS 1060 Y=392571831-28.804215X ~1.524880X,-0.821618X,+0.209506X, 240.026334X X~
0.003418X,+0,006386X,X" +0. 003473X,X,+0. 003064X
=200.840587-3.549220X ~1.194694X,~1.827719X +0.010836X, 240.016564X X~
Total permeate  PDMS-1070 4,301 74% 240.020764X, X, +0.002276X X +0.003862X.>
DS.7 y=-193.316250+6.282500X,-0.223375X,-0.388583X -0.053000X,“+0.007700X X~
0.003162X,40.009467X, X +0. 001533x3x2—0 001844x3
PDMS 1060 Y=522-518171-15.163362X ~0.802740X,-0.432523K,+0.110290X " +0.013863X X~
0.001800X,"+0.003362X,X, +0.001828X3X2+0.001613X32
Fi PDMS 1070 Y=148:467643-3.210804X1-0.628921X,-0.962164X -+0.016233X, 240.008720X X~
ux 0.000091467X,+0.010931X,X,+0.001198X,X ;+0. 002033x
DS.7 y=-99.726576+3.287548X ~0.233506X,~0.149322X ~0.027931 X, +0.005623X , X~

0.001668X,+0. 003943X3X +0. ()01079X 1Xy~0. 000969X

A3l HdAE JeERd PDMS 1060, 1070,
DS-7 2] Al 23 thst ARAIFY gelA Z
=3 AFEe] 71938 Jehls Rsquare 3 2
7} 0.8434, 0.7850, 0.907424 DS-7 2te] 2A0]
AdHez & EANE HIY, Hu WA=
104101tk PDMS 1060 234 1070 92 HE &
AoA] 1f-9] ghol SHHoINenE THEANS
AN B, Hof wke-x] 8229 6.778 JERATH

3. Flux
SaZat Ao Ealea a8HUEE A% 3

M52 flux, separation factor, enrichment factors

POMS 1060

Fig. 6. Response surface plot for the flux of apeach flavor
solution by pervaporation using the 1060 membrane.

o] &= o] dvk¥oln, fluxe] 39, =] A
T AAM EAEAE oldisked, MY Fad W
F& AAR T YriKarlsson er al, 1992). PDMS
1060, PDMS 1070, DS-7 =&} E3l1E3e 72
A EMog #is) WW, PDMS e 33 &
ol ¥ FaEeleE fU1E Ud &8 A
Ao 2 o&sy on DS7 T AL
zeolite®] molecular sieving®l] 213 F3A Ao F
2 Fe] Qo ol¥st AR U3 w2 FAHL
e DS-7 7Y FR &L fluxE 7HEA =,
Iy go] v 2xoXe dEEe] A
g flux®] 74 Ao] Jov, 2xrt io}*é?i
fluxe] ABAHQ J7He Ho|x Qi) 4, =
FRL FA5L A9 FYs) 9 e A A
sle] AA ¥ ol A Zozo] £ AGS
AR F85 AR ¢EA SleH, ¢ 2E A
AA] HEEA] g Fojor & FEL1H], PDMS 1060,
PDMS 1070 2te] 7%, 31§92 67.5 cmHg(vac.)
oMEE 70 cmHg(vac.)® Z7H] 43 fluxe]
AES EolUMxE Ee] S 65cmHg
(vac.yf-ZolME 2318 WA FisEe Ao #
59t o83t Az 3 Y¢Fo] FHrlkshaA
g 35 oA FAAPEY Fd €3 £u0t -
HA €& Ago| Frista, 7 s Hel F344
B wx7b 71 =, 2 e A e i
Bl QIl, FdAdo] & Aol uwal Fusiy F
HF&xe] ZHAE JPALE Aoz BAY. o
Yeom(1998)8] At AR s Aot}

PDMS 1060, 1070, DS-7 2] $0 2 flux?] R-
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POMS 1070

Fig. 7. Response surface plot for the flux of a peach flavor
solution by pervaporation using the 1060 membrane.

square Zt-& zHz} 0.8434, 0.7374, 0.9006 ©]|UZ,
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oA, X°ol 671627, X,7} 573193 % X7t
69.7198 ©]%it}. PDMS 10603+ PDMS 1070 =te]
A& E4(canonical analysis)dlX € F4He) kel
H4# (saddle point)°]U LB R FMEA(ridge an-
alysisye AAIF 27, Howk-gx3o] PDMS 1060
ol HulWrg 43287914 X0 694154, X,7}
544262, X7t 574117 ©i1eH, PDMS 10702 3

DS-7

Fig. 8. Response surface plot for the flux of a peach
flavor solution by pervaporation using the DS-7
membrane.

) WA 3538604 X,©] 623239, X,7t 44.8273
2 X7t 208753010tk F4E BA4E total per-
meate?] 2717} €4 Table 59 E713}9 3, Sigma
Plot& o] &3 339 vH-3-RHEAM-2 H3 3o Fig.
6, 7, 8o ERARICE

4. Total component permeate
Total component permeater F3+g z} 718
E9re] %o 2, PDMS 1070, DS-7 =9 7§ &%
4 FUY 2o B2 &Y E Kol B
o] FA=AT
EaFEFA A ¥ g5

[«0

ol g3}

ZEA e

Table 6. Polynomial equations total component permeate and productivity calculated by RSM program

Response Membrane Polynomial mode! equation
PDOMS 1060 ¥=1049.772500-27.955000X -3 334625X,~2.695583X, +0. 183000X, +0.055100X X~
0.005788X,+0.0033033X, X, +0.008967X X +0.00191 1 X,
Total
y=241.433872-3 278361 +6.269627X,~16.021375X, #0.002643X 0. 104436X, X, ~
Component  FDMS 1070 5,003152X,'40.221836X,X +0. 022324X X +0.013036X
ST y=-200.461625+5.508200X +9.792250X,~10.375733X,-0.037840%,~0.141900X X~
0.000778X,4+0.144667X,X —0.005883X, X,+0.019293X
PDMS 1060 Y=1963.772963-55.451581X,-3.044095X, 2 802261 X, +0.388988X,+0.052891X, X~
0.007234X,+0.036372X. X +0.007565X X ,+0.002389X,
. y=28.839062-0 420469 +14.590690X,~20.723021 X+0.003500X,-0.225 781X, X,
Productivity  PDMS 1070 561917 240,305833X,,X +0.00463X,X,+0.016299X
DS y=-283.709221+7.396734X,+12.656995X,~12.768725X,~0.047300X, -

0.185964X X,+0. 001405X22+0 183142X, X ~0.014093X,X +0. 024117X
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Fig. 9. Response surface plot for the total component
permeate of a peach flavor solution by pervaporation
using the PDMS 1060 membrane.

PDMS 1070

Fig. 10. Response surface plot for the total component
permeate of a peach flavor solution by pervaporation
using the PDMS 1070 membrane.
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Fig. 11. Response surface plot for the total component
permeate of a peach flavor solution by pervaporation
using the DS-7 membrane.
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Fig. 12. Response surface plot for the productivity of a

peach flavor solution by pervaporation using the PDMS
1060 membrane.
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PDMS 1070 Productivity

Fig. 13. Response surface plot for the productivity of a
peach flavor solution by pervaporation using the PDMS
1070 membrane.

DS-7 Productivity

Fig. 14. Response surface plot for the productivity of a
peach flavor solution by pervaporation using the DS-7
membrane.
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