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Abstract: Pervaporation process using membrane is newly emerging energy saving and cost effect process instead of
distillation process. Especially, in pertrochemical industry, pervaporation process is a strong candidate to substitute the
conventional energy consuming processes because that petrochemical industry has much energy consuming separation
processes, many azeotrope mixtures to separate and needs to compact space to install new process units. Aromatic/aliphatic
separation including benzene/cyclohexane mixture, olefin/paraffin separation, xylene isomer separation, reactive monomer
recovery and sulfur compound removal from gasoline have been inversitigated for the application of pervaporation
membrane process by many researchers and are under commercializing.
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Fig. 1. Solution-diffusion mechanism of Pervaporation and schematic diagram of pervaporation apparatus.
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Fig. 3. Volatile organic compound removal process from un-
derground water using pervaporation.
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Fig. 4. Separation process of benzene and cyclohexane using (a) azeotropic distillation and extractive distillation.

a7t A Re3Ae) Loyl YFHn Ytk WA
AFEAGA 0T AL F AR FUNEYE
@st1qfﬂoaum1%%%zi 27} of

f"l

7F Algro]l He @o] gl
7} okt dleE 1 o3t Al 34
AA g B33t

m}r e
_;1 >
fm
i

"

/H (] §]_t§-
2 AHT, ol
G4t B4E ZFZEA
F2 Ago] "
I Zgry T %1
Add 53 A X}Ez} °=1E°ﬂ A
§3leaE Ago| Hrh Ao]Z 2 P% F2
Sl AMIE Eoi2go AR A
of FEAEE AMgo] " 1
HU F2 ALE0] HE Eoke YydE9 AT F7HA
QA Ae]ER2 A=) YEE ALgo] H}, Az Apo]
24k 2872 54E Table 19 Hludyen,
WAl 52 Table 29] A3ty

A3} Ao|ZzEake] FEle Af38

=3

-

o
!

-

b

L e 2 fu L

kil

rﬂ ri W o
3o ok

ZAHNHE

4
4% 3408 9o 9t T A% Aol
2840 BoHel Aoy WA 06l 84 9,
zgaﬂliLaowTangsA1@ﬂ&q
249 7.9 BYEAA BolFo| o] F B
ﬂ?BHﬁI§E4E A Ak, WA Aol 22



Assksgelne Rasue

o3
o

LS9
[

Table 1. Physical and Chemical Properties of Benzene 100 P
and Cyclohexane P
Benzene  Cyclohexane ® 804 ‘x"’
f, (°C) 5.533 6.554 z
b, (°C) 80.1 80.7 60 - ,"/
Density (g/mol) 0.8737 0.7786 #
Refractive Index (25°C) 1.498 1.426 % 0 #
Viscosity (cP) 0.65 0.98 3
Surface Tension (dyn/cm) 28.2 253 o
B 20 - s
Molar Volumer (cm’/mol) 89.4 108.7
Collision diameter 0.526 0.606 A
B 18.7 16.8 ° ' ' ' '
o 20 40 60 80 100
Solubility dp 16.1 16.5 Banzene in the feed, W%
Parameter dp 8.6 3.1 Fig. 5. Vapor-liquid equilibrium of benzene and cyclohexane
O 4.1 0.0 mixture.
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& YAe, Ao duH FRYol opd g A % 47 ow, olg@ 49 44 AR 9
Y-S AHEstefol gt Table 30 Uwbzel Wapsy/ 3 gl s A ghol WA FAR Fe Vi E i
AuZsl o] Balwst zhzte] RazAAe T4 AEES FAFAY HA, Ed st WA ek A
M3t BAA, 71ed a7AES Yehgle gdol $-d EeW A5E A= F A
WA Aol F2HNL ENZWRL o] §3)0} 1) WA Ao ZEede] BT FAFLE ol8F £
3k Ao, WA Aol alte] B8]z Ao glol 3t St oy AgtAEe] AsiA FES 2
Hlshan, 1L gl g vikaty] Wi, B2 siet o] o] X F o] Sith. Table 40 HA7HA wx
2 EA4E WA ook gt} WAL o)2ATS s} WA Aol EiFwurige] AdE
A3 YA, FHTRE o)F gt = A7) A YeERATE. &3] ul=9 Colorado School of Mines?)
FEAGE T 5 Ue Fo)AAE Mo JHA T YS Prof. Dorgan 1< ©3lFa3 = g Z2¢ U
& FE3olol AT 2 IHAT b FHHT A BT WAL P EARASTHE Fde)
LEALSE WA A Ad el B8 & £ 9 Ak A% SA47E e AFERY fEdaia
w2 € 77 otk =Y 3R Zgey 44 F & A3 Balsste], Ao gl webd 1EAE
o) SAEALE ol gato) MAS AR A=o] GRS WAT Ao|2R AT 1RAS
ek Aojd e 2 #7F Atk & WA A% g A7ty BFRATE 2HstoA WA dsiA 7}
B T 47 F4 ATH A% LAx 45 7 4 AgHQl 2 208 Fohdl= WS Fig 60l
Table 2. Application and Uses of Benzene
Ethylbenzene Styrene Polystyrene
Styrene/butadiene copolymer
ABS resins
SBR eleastomers
benzene Cumene Phenol Methacrylates
Acetone Methyle isobutyl ketone
Cyclohexane Adipic acid Nylon 6
Caprolactam Nylon 66
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Table 3. Processess for the Separation of Aromatic Petrochemicals

Process

Separation problem

Requirements for basic or economical operation

Azeotropic distillation
Extractive distillation
Liquid-liquid extraction
Crystallization

Adsorption on solids

BTX separation from pyrolysis gasoline
BTX separation from pyrolysis gasoline
BTX separation from pyrolysis gasoline
Isolation of p-xylene from m/p-mixtures

High aromatic content (>90%)

Medium aromatic content (65~90%)

Lower aromatic content (20~ 65%)

Distillative pre-separation of o-xylene and ethyl-
benzene from Cg aromatic fractions

Isolation of p-xylene from Cs aromatic fractions Continuous, reversible and selective adsorption

Table 4. Pervaporation Performance of the Separation of Benzene/Cyclohexane Mixtures

Membrane Benzene in feed (wt%) Temperature (°C) Q1 (kg/pm/m’h) @
Modified CE 53 80 50.3 52
PP (oriented) 55 25 54.4 1.3
PP (double oriented) 55 25 64.6 2.4
LDPE 50 25 10.8 1.6
PVDF 53 60 1.6 6.2
PVDF 53 56 1.5 54
PE 10 35 30.0 2.5
MA-g-HEMA 50 25 14 e
PMG 50 25 3 7
CA 50 77.8 0.34 19
CA/PPN 50 71.8 13.6 40
PEU (asymmetric) 50 30 1.5 38
PSP/CA 55 78 0.8 133
CA/PPOBrP 51 535 4.0 9.7
HDPE-g-MA 50 25 10 7
PVA/PAAmM 50 25 23 11.9
BP-3MPDIPD 50 70 ) 2.7 14
BP-3MPD/PD 50 70 04 27
BP-PEO 60 25~70 2.1 9.1
PAS 50 30~70 2.6 22.5
Modified Nylon 6 50 50 0.057 4.5
Mddified Nylon 6 50 50 0.16 >10*
DSDA-DDBT 60 78 093 32
DSDA-DDBT 60 78 24 20
PU-TEOS 50 50 0.65 19
PGMA grafted 60 40~70 8.7 22
PS/PAA 50 20 48.4 9.6
PEMA-EGDM 10 40 8.7 6.7
PMMA-EGDM 10 40 551 39
PVA (asymmetric) 25 50 0.002 10
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FAo] okl ki, T FE7F Az 6HRES A3 HOES SalA FERT Atk olAF FRAAE
O A A & FAAA A sHAY & 29 AAE EAHU ¢ 2FHH Zde o] &rh
Ao) WAEn oty @ 4 Qlh Ary 02 JtaEa a28a e )a o] Y=
Fo&Hd BAFANA AV EAHE 32 o] AT o, ojAEL AHY A& oA Hi
A A M E e 7 A oldlE2 dEed A R wjEHojok At o] F WETtEES FAS
Al, seeg a8 a AAEY] FAFA et o] Al 7h A 2e oo ogaS Egstal i, A &1
A FAANA BT dEHAE AT F Us WaEe gd#: B FAlA Az So% & o) e EE B
A47E8 F Aok 29299 A A i HE= A Ft o3& FAA H8H VaporSep A 2H & Fig
T Fig. 113} 2t} 129 2.
ul5e) MIRANE 2544 Eelge o) &ata £5 oA GN TR FHL AT 4 dx 5 7}
$HE AN day Tt RosRH oEdsn éE XﬂﬂOP—’ Agag Zd EHEWE Joltt. &
ZI2EA 2o WA OFAES T3k BItFLd o] ¢keo] oF 300 psige]l &, Ee¥ol i U=
2 29 FFsts 348 MEsiT o 4L Va- e ggrt g 9ok 29 SRRy $EV)2R
porSepoltil EElH, ©slr4Zr|E A4y e V) B EEE dddg 293 stae YUY L8R =
AR dsiAM AR B £ Qe FYTE o7HA Hu, BT JJEAL MY o2 FHAA
A&t Sl A Aoz HEH Bula, ool AAd FEL
o] FA AdHE TG 1FHE VA &7 ZAA W o) FA W3 45B7he Table 63
Table 5. Physical Properties of Xylene
Mw 106.16 Specific gravity 0.871
Mf CsH4(CHs), Solubility (water) N/A
bp 280~291°F (138~ 144°C) Volatile 100%
fp -54~-55°F (-48~-13°C) Odor threshold 0.3 ppm
Vapor pressure 7~9 mmHg (20°C) Evaporation rate 0.6 (butyl acetate=1)
Vapor deusity 37
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Fig. 12. Application of VaporSep membrane in polyethylene production.

Table 6. Performance of VaporSep Membrane Applied for
Polyethylene Production Process

Table I - System performance
Raw material purification

Feed Composition (mole%)

Hydrogen 18
Nitrogen 22
Methane 30
Ethylene 30
Ethylene recovered (#/hr) 290
Value of recovered ethylene ($000/yr)* 370
Capital cost ($000) 200

*Ethylene valued at $300/ton.
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Table 7. Performance of Reactive Monomer Recovery
Process through VaporSep Membrane Applied for High
Density Polyethylene Production

Table II - System performance
Reaction section - LLDPE/HDPE

Feed composition (#/hr)

Hydrogen 5
Nitrogen 172
Ethylene 328
Ethane 7
1-Butene 288
Total 800
Hydrocarbons recovered (#/hr)

Ethylene 290
1-Butene 284
Hydrocarbon recovery (%)

Ethylene 88
1-Butene 98
Value of recovered HC* ($000/yr) 700
Capital cost ($000) 300

*Ethylene and butene valued at $300/ton.
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Fig. 13. Reactive monomer recovery process using membranes in high density polyethylene production.
g W7l HEHRUE O Ao o) FHANE & Eu), AL Ve BeaE o AL Atk
A HEo] 300 pigdl B MRl pEEIE dert  od@ HIUE ¢ESY) Ao, Hed GuAES
Ak WA WMEHE Jf2gEEe 99 4Ze weA AASlok Bk ol @ wNks dFASL
AN AmBr|E olgo] Hol, FeHol ®L waSE  2EYN YoM 2o AarteE o8 AA
2gL o] FHAA $FHe] doljdth dudr|E A gt} R FAAAE old FHAA LA
Fof, 2eTL ol &t FraY dAVA T8 £ kg GFAE TP HAVMAE ALHOE B
dabAl Bk 232 O FFETE olgstel WE UA AAAANIL Bk A EILER FA
712 HEY RUY, g35a0t 298 WEvtae o of A OIEM B EAEE Fol At 198E A
2802 By o FAo ¥ 4EB7tE Table g 1 E%aoﬂ%ﬂﬂ_ A AN HFHRL A

opR Bt o g AabEe] FA AN el A&
d & Fig. 135 28 FAHA A48 4 v 29$
g8 ALAES Az ¢ Fof, o] AUEEL M=
A ENEZ Ao BARAE AAHokt gk AAA
Y FY2HW AUEL AR PHE Az7) H

*PEETE% ol uk-g o
go] 2ol 91, 01 < Aesr) d FHol
Axurel Ao AXHAG. WEHE 7kae 200
psig A59 g2 ¢FHT, GuIPrE

Wzhro] Qe 4B 5o Bt &5/
L bae 4% O3 BaEaE B

Membrane J. Vol. 17, No. 1, 2007



12

Post-
Trester

Fig. 14. Schematic diagram of sulfur removal in gasoline
production using pervaporation membrane process.
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