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##467 2325523 :MAJOR BIOTECHNOLOGY

KEY WORD : PERVAPORATION / ZEOLITE A
PRASERT SAVARAJ : DEVELOPMENT OF SODIUM ALUMINA ZEOLITE
MEMBRANE FOR DEHYDRATION OF ETHANOL. THESIS ADVISOR : ASSIST.
PROF. SURAPONG NAVANKASATTUSAS, Ph. D., THESIS COADVISOR : SIRILUK
TEERADAKORN, Ph. D. 103 pp.

The purpose of this research was 1o concentrate ethanol in ethanol-water mixture by
pervaporation using zeolite A membrane on alumina support, Zeolite A was prepared by hydrothermal
synthesis. The conditions for zealite A synthesis are crystallization temperature at 80 °Cfor3hor
crystallization temperature at 90 °C for 3 h. The zeolite A synthesized at 80°C, 3 h had crystal size of
8.1720.02 LLlm, specific surfage area of 40.6473£0.1304 m /g and silicon/aluminium molar ratio of
1.48. The zeolite A synthesized at 90°C, 3 1 had crystal size of 4.50+0.02 LLm, specific surface area
of 51.1537+0.1891 mzr'g and siliconfaluminum molar ratio of 1.31. A cylindrical membrane module
was built in this study with an effective membrane area of 84,86 em’. The membrane used in this
research was synthesized in a composite form, consisted of zeolite that was a selective layer on a
porous alumina support. The optimum condition for synthesis of sodium alumina zeolite membrane
from clear solution using hydrothermal synthesis was 90°C and for 3 h. The scanning electron
microscope revealed that the surface of support was covered with polycrystalline zeolite A with
cracking defect. The zeolite A composite membrane was used for the separation of ethanol-water
mixture by using pervaporation but the membrane was leaked in some area. However concentration of
ethanol was increased from 521.10 g/l t0.539.11 g/l. Finally-the effect of temperature and time of
synthesized zeolite A in delydration of ethanol were investigated. The concentration of ethanol was
increased from 671.7249.08 g/l to 747.1542.36 g/l (-11:23%, increase) at 90°C for/30 minutes.
Meanwhile the concentration of ethanol was increased from 474.68%0.11 g/1to 614.63£2.35 g/l

(29.48% increase) at 90°C for 60 minutes.
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1. Absolute alcohol
2. Anhydrous alcohol
3. Dehydrated alcohol

4. Power alcohol etc.

v Y
M3190 2.1 AUANIAV0Y fuel-grade ethanol §1WTUAa N 1111131 (Aventine, 2007)

Component Unit Standard
Water content, max mass% 0.82 %w/w
Methanol, max vol% 0.5

Chloride ion content, max., mg/l 32

Copper content, max., mg/kg 0.08

Acidity (as acetic acid, mass% 0.007 Y%ow/w

CH,COOH), max.,

Appearance

Clear and bright, visibly free
of suspended and/or settled

contaminants

2.1.2 MINAAITOINAUBNIUBA (Abhay, 2000)
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1. Molecular sieve technology

2. Pervaporation (membrane technology)

3. Azeotropic distillation
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A1519N 2.2 Typical utility requirement to produce 1000 liters of absolute alcohol (99%v/v)

(Abhay, 2000)

1. Feed : 1064 liters of Rectified spirit or Industrial alcohol with
95% v/v alcohol

2. Stream : 1.8 MT.

3. Energy : 60 kwh

4. Cooling water : 4.0m’

5. Entrainer : 1.8 kg (This could vary depending on climatic condition)
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2.1.3.4.4 Tugauuume (tubular module) 15z nouRIeNoN)
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d‘ 9 =) ~ o [ d‘ 1 1 . .
M1319N 2.3 Bll’é]L‘IJiEJ°1JL‘I/]8Uﬁ1ﬁiﬂ1ﬂﬂﬁﬂlﬂ\u8mmu1uLLG]Q%LLU‘U (Winston 48 Sirkar, 1992)

Characteristics Plate and Frame | Spiral Wound Tubular Hollow Fiber
Representative 500 800 70 6000
packing

density (mz/mS)

Capital cost high high high low
Fouling tendency | low to moderate | med-high low high
Ease of cleaning | good poor to good good to excellent | poor
Membrane yes no sometimes no
replacement

(yes/no)

Operation cost high moderate high low
Feed stream yes yes no yes

prefiltration

2.1.4 Mmswangoun el 1unsuenans (Huang, 1991 1ag Cabasso, 1983)
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ATFUANUIIDIUAL (Feng tiag Huang, 1997)
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H { a P S < o
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o P Aa s Y Y o ~ Y a ad 1 3‘ A
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poly(dimethylsiloxane) (PDMS) il uigoununsoua15152noudunsd aaiumsueneas
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HaNdUNIINe ilinnuFanunnedwesad AN enInealin N NTANNINA NN

a 4 9 A a PR . . d' ] dy
LLﬁzW@mmﬁﬂimﬂﬂﬁﬂVﬂﬂﬂﬂ Wi’)’d&ll’e)i%llﬂizi] (ionic polymer membrane) wouNUUIZIANi
' Y I oA A T oAaA L. A v oAa
uisoen Iy 2 nquile ouruNU529UIN (cationic membrane) taziBoLKURTTZYaY
' [ £ Y

(anionic membrane) Taena ldigeunudsznniinagyeuiii agwua ionic polysaccharide
I @ Ao o o & A 1 Aq Y o Yo o a =
WuFagnidneamgalumsihumuluseurunlslumsilndiazaeusgns lagns

Y v 1

o . % v a 4
118n19190N (dehydration membrane) 11A15197 2.4 ZnAAIRIDGVOINRAWDT N 11U

ﬂiﬁJ'JuﬂTiLW@{LL'J‘]JW@LTFH
~ @ ] a P 9 4 o
MTNNN 2.4 A1 aNeameIN 1F1uNTZUIUMIINOT I NBLT FU (Baker, 2000)

Dehydration of organics

Water/ethanol Microporous polyacrylonitrile coated with a 5-
Water/isopropanol to 20-LLm layer of crosslinked poly (vinyl
Water/glycol etc. alcohol) is the most commonly used

commercial material.(Watanabe Laaue,
1992) Chitosan (Wenzlaff tiagaue,1985) and

polyelectrolyte membranes such as Nafion

(Cabasso ttag Liu, 1985) have equivalent

Volatile organic component (VOC)/water separation

Toluene/water Membrane comprising silicone rubber coated
Trichloroethylene/water onto polyimides, polyacrylonitrile, or other
microporous support membranes are widely
used. Other rubbers such as ethylene-propylene
methylene chloride/water terpolymers have
been reported to have good properties also.
Polyamide-polyether block copolymers have

also been used for pervaporation of some polar

VOCs.
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Organic separation

Organic/organic separation The membrane used depends on the nature of
the organics. Poly(vinyl alcohol) and cellulose
acetate have been used to separate alcohols
from ethers. Polyurethane-polyimide block
copolymers have been used for

aromatic/aliphatic separations.

2.1.5 WeuHuaIag/ liauunas (symmetric/asymmetric membrane)
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2.2.3.2 ¥uAANIQAEY (Adsorption Equilibrium)

[ v @

ieldesliargnaadududanudigadulusieszeznaiiuiveds

U U

[ : 4

a { 1 [~ (%
NEANDILINAN I NITIN I qUAANTAATY mau@ami@,mmﬂuﬂmmmmmtmwuﬁ

2

9
o o

serilsinanieanududuvesiigaduiulSunanTeanududuvesdiignaaduiiu

v
a =

@ o { ' ad @
TuigmavesIva augamsgaduingurgiivesszuuniiizendn To Taniisy (Isotherm) fagil

U

#12.15 Tagi q Ao USinavesdigngadusellsuavesdigad (kg adsorbate/kg adsorbent)

uaz ¢ v ANuNIuveIdIgngaduluigmavesInafyaduaa (ke adsorbate/m’ fluid)

e -~ Freundli

e fm

W

G KO adsarp

g1 2.15 dnwag lo T uvesmsgady (aa, 2545)

L1l

2.2.3.3 ANEULRNITVDINIRAYY (characteristics of adsorbent)

o I
2.2.3.3.1 ANUIVDINTAAY Y (adsorptive capacity) Lﬂumma;

v
v A

J [ 1 = ] a o A v a A
lei’N?Nﬂ‘}Jigﬂ@‘]Jﬁ'ﬂﬂ@]ﬂﬁuﬁﬁu’)ﬂﬂiquﬁJ@Wﬂﬂﬂ%UlelZJﬂ’ﬂﬁJi)‘iJ”lﬂWﬂ"li Uszansam
4

=

3 A 22 Y A o 2aA A P P
summsuﬂﬂﬂ%mmﬂﬂmm%ﬂﬂwammmwummmﬁmuazNa'lﬂ (yleld) VIQ'QGIJL!?I’JEJ Lae

L)

a o o a d
Usnmvesigaduuazdaunumsnaanizaatiosaidie

Jd 1
2.2.3.3.2 selectivity ANNEN130 1uMIneneenlsznouaie
A g A o ¢ I a2 o ¢
meluenswauflounioilumsidengaduesnilsznouniie WenlSeuisuivesnilsznoy
A .. 1A J ' J £ = = g
aue meluenstlou selectivity hirfisaanaaseglugiosdsznouniialsouisuny
J A ' 3 5 = = Yo J
pedlsznovduluamswautlowniniu uadiaunsandaaSouiion lanunng esdiszneu
:II Y o ! Yy 9 J
meluaistlous e desorbent A28 Tugilvesdadinvesnnuiduduvesdonsdlsznoy
@ o v 1 J Y @ { ]
Tuigmagadurisdedadiuvesnnududuvesdosesdllsznoumedrnuluigamanlula

'
v A

ANAATUNNITTUAA



34
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1. Fluid Catalytic Cracking

2. Hydrocracking

3. Catalytic Reforming

4. Isomerization

5. Shape Selectivity Catalysis
6. Dewaxing
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10. Ethylbenzene Synthesis
11. Liquid Fuel Synthesis

12. Detergent

13. Nutrition
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~Aq Y A
muea NaN 1w lunsneans 30 W

gyl ANuITNTUve BN
(PIFIFALT) Sudu NAAOUAIY nAAOUAIY nAAOUAIY
(NSW/an3) NaA zeolite molecular sieve zeolite A ﬁ
(NSu/ans) 3A (NSW/AN3) m’?aw’fiyugm
(NSW/an3)
70 642.55+1.77 695.31+1.41 676.89+2.24 735.73£2.47
80 647.13+2.83 674.55+2.59 671.64+8.49 681.97+£2.59
90 671.7249.08 722.07+6.48 696.98+0.94 747.15+2.36
100 680.55+18.98 684.22+4.84 671.723+3.12 712.89+12.61
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(NF/an3) 3A PERTEAEE
(N3W/ans) (NS/an3)

70 424.75+£3.07 544.20+2.95 475.60+1.89 580.28+2.83
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Method Name: Method_S00626

Analyte concentration Intensitg
.l 123 ppm -0
K20 0.35 Wt % 206.0
cao 0.36 wt % 399.7
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Fe203 PR
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a?Eﬂi
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K20 245 ppm 14.8
Ca0 0.24 wr % 2373
T102 1057 ppm 381.1
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