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#1 BAIA MEOPV B LOVP MR

zeolite NaA membrane for water/organic mixtures

separation temp feed water Q a
system [K] [wt%]  [kg/(m2-h)] [—]
methanol (PV) 323 10 0.319 2,100
ethanol (PV) 348 10 1.691 10,000
(VP) 408 10 13.71 15,000
(VP) 408 5 8.403 30,000
(VP) 408 0.5 0.767 3,500
i-propanol (PV) 348 10 2.278 10,000
acetone  (PV) 323 10 0.816 5,600
dioxane  (PV) 333 10 1.091 9,000

T type zeolite membrane for water/organic mixtures

separation temp feed water Q a
system [K] [wt%]  [kg/(m2-h)] [—]
methanol (PV) 323 10 0.359 27
ethanol (PV) 348 10 1.43 2,100
(VP) 408 10 11.6 3,500
i-propanol (PV) 348 10 2 10,000
100 —
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B4 NaABIY AT A MEOAEBRFTAIZ SIT5 I HI7K
RS NE) 7

BT 5. —Ji, VPOBBENRE b L, FEi#
T B L ORI T3 5710, 2RI
fFET 5 I 7 0fLT, AGTICL VFLEE (52
WIFBEEH) Lewv I 2 0T A7z 8%
ZTWh,

BVEREETS C, T4/ — VIR 90 wt% T
EEES)0.133 kPa~2.6 kPa |23B1) 2 3% @il &
rEEREIE, E R AR AR AR S A
KREWD, FEAE—ETH ) SVAGEREE R
T —J7, RIS /) — VIEEEAT99 wt% DA
X, EEMAES %0133 kPa>5 2.6 kPa~& FIFT
W E, BEGHDKER DN S Wiz, EElE
NOBAZIT B L1272, ElEiiH & 5EfREk
GEBMED O EAE & BT 5712,

3.3 HERATERE b L UTHEVE

B3B8 MIE ST % 0.133 kPa 2 L, #/EREES0 C
TI5wit% LY/ — VIKIER O MAGRITT) % 1 MPa,
0.1 MPa & HAZHE D B L L SR H 0¥+ 5
1 MEATEORA & SIS BT 5 PV 43
AT R R, OB X OGN OB E
TOEBIIRD SN ol TNSDRERENS,
Y+ T4 MEGTEIZER L1452 Bk img = A4
bLEF A D,

F2 BRI E AW TEEOWE TELIE L 72
NaARIY+ J 4 MESTEOPV 538k R %" $ . PV
PHEEZIREIRIETS C, 95 wt% ¥ ) — VKIS T
iz,

BALPLEFE)T200 C F ClBMmii R, BRI
ZAL L%\ 300 CLLEBALEE T, BT,
THHREIZ E DIET Lze ZO#EENS, B4



(5) Vol.25, No.3 (2008) 97

F2 RETALIERRIC T T NaA BIE 4 T A MROFILIL

K3 THEA T A MEOBRLEEREHRER D, (FHRKE

PSS 7 TN OEERT: T OERESRI LT HEEREZA L)

evaluation : PV with 95 wt% EtOH at 75 C evaluation: PV with 90 wt% EtOH at 75 C

Annefﬂ.ing Membrane Weight Q o Dipping Condition Q o

Condition lg] [kgm—2h—1] [—] [kgm—2h-1] [—]
As-synthesized 16.1251 1.10 5,900 pH4 acetic acid for 7days : before 0.95 530
200 C, 3h 15.9683 1.11 5,890 after 1.25 2,300
300C, 3h 15.9357 0.625 910 pH3 acetic acid for 7days : before 0.97 630
500 C, 3h 15.8985 0.306 26 after 1.19 1,300

Pe meate side
Permeate vapor

Dehwirated vapor ~Zeolite membrane tube

Schematic view of the long tubular type module
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Feed 84 8wik E1OH *Prudlct 93 3wi% ErOH
Flow Rate 60kl /day
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99.9%
100.0% 9308 999%
98.9% 99.5% 99.7% 99.8%
980% 98.7%
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96.1% ;
g 96.0% ‘ —2— Design data < Actual data ”
2
5 94.0%
'.E ] 97.8%0
t 920% A2.3%
8 r
[ =
8 L
- 90.0%
g Design Actual
—. BBO% EtOH/Water = 84.8/15.2wt% |-{ EtOH/Water = 85.6/14.4wt%
§ Feed temperature 135 °C Feed temperature 125 °C
Flow rate of feed 1250 kg/h | | Flow rate of feed 1440 kg/h
86.0% 6 modul |6 modul
856! 84.8%
240% .
0 1 2 3 4 5 6

[ Module number ]
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1 A7 =3 (No.l, 2V 2—)V) T84.8 wt% 75
96.7 wt% F Tigfi s, 2 A7 — (No.3, 4
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3 AT —C99.8 wt% Pl EIHEE SN A ETETH
bo EWPTEINL, FNENDAT — I3 Uil
BN RSS20, 3 BMOBIERANE S
NTHEY, L RERIIEAKEDAT OIS &) 1253%
HEn, cokEnvial—va VERRNS
R Y

#4 NAFTy )= VEERILTT Y MERET— 4

unit Design Operation
in Mar., in Sep.,
2005 2006
Feed concentration H,0 wt% 15.2 14.4 14.4
Product concentration — H,O wt% 0.2 0.1 0.2
Permeate concentration H,O wt% 75 99 99
Feed flow rate kg/h 1,250 1,440 1,250
Module inlet temperature K 408 398 418
Permeate pressure kPa 4 7.5 4
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AL ZVREEZ IR o

SMOER, 1 A7 —Y (No.l, 2FV2—)b)
DOIEFHABEYE DN TV, FRZ, TV
— VDAL ANVAILATROBE L L, %
LS BO LN, ZOMDO AT — TV TlE,
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FIy ) —)%99.7 wth Lok y ) — )
126,000 kg /HEETE 5 L) IZEFF SN T 5,
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Present Condition of Zeolite Membranes used in Bio-ethanol Plant

Masakazu Kondo
Past Mitsui Engineering & Shipbuilding Co., Ltd.

Vapor permeation (VP) properties of commercially available zeolite membranes (dimensions
of 12 mm o.d., 9 mm i.d. and 800 mm length) were examined in the water/ethanol systems,
which were distilled by lab-scale column, before equipments to produce anhydrous bio-ethanol
were designed. The membranes displayed extremely excellent water-permselective performance
for the water/ethanol systems in VP. The repeated experiment of ethanol dehydration by VP
with a zeolite NaA membrane was carried out using bio-ethanol liquid which was distilled
by lab-scale column. The distilled ethanol hardly influenced the NaA membrane performance
in VP. The dehydration equipment which can dehydrate 60,000 kg day —! of ethanol at less
than 0.2 wt% water from 84.8 wt% ethanol at 135 C was designed for bio-ethanol
production plant in Lithuania. This equipment was consisting of 6 long tubular type
modules, which was composed of 550 zeolite membranes. In the initial operation result at
125 C in March, 2005, the ethanol was dehydrated over the designed value of 135 C. By
the lowering of membrane performance by the fouling included in the feed vapor, the operating
temperature of the plant was raised to 145 C in September, 2006, and then the plant was
operated until December, 2006. Membranes in stage 1 (No.l and 2 modules) were replaced
in December, 2006. T-type membranes were applied near the entrance nozzle and NaA
membranes were used except for there. Then anhydrous bio-ethanol in this plant has been
produced without a hitch up to the present.

Keywords; Vapor permeation, Zeolite membrane, Long tubular type module, Dehydration, Bio-
ethanol



