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Adsorption Separation Processes Using Zeolite Adsorbents

Wataru INAOKA
Kazushige IGAWA

Characteristic features of adsorption separation processes using zeolite adsorbents are described, including

the adsorption principle, manufacturing of zeolite adsorbents and regeneration technique, along with recent

technological innovations. Synthetic zeolites, used as industrial adsorbents for over 30 years, have a promis-

ing future, because new techniques for controlling the adsorption properties of zeolite have been developed.
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Table 1 Electrostaticfield of faujasite

fieldstrength

Si/Al| cation (%105 esu/cm?) Nobs/ Nearc™
1.25 Na 1.4 =3
Ca 4.4 1.1
1.63 Na 1.4 —
Ca 6.3 1.9
1.93 Na 1.3 —
Ca 7.2 2.8
2.3 Na 1.0 —
Ca 7.6 3.8
2.5 Na 1.0 —
Ca 6.3 3.8

* N is the charge density
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Table 2 Physical Constants of some molecules

g a u —q
Moleale)| ) | @y | @ | @
He 2.6 .2 0 0
NH; 2.6 2.15 1.48
H;0 2.65 1.44 1.83
H, 2.89 .8 0 .2
COq 3.3 2.59 0 1.28
Ar 3.4 1.63 0 0
Oy 3.46 1.56 0 .2
Nj 3.64 1.73 0 .62
CO 3.76 1.93 .12 .66
CH4 3.8 2.7 0 0
o  kinetic diameter (determined by Lennard-Jones
potential)
o : Polarizability
u : dipole moment (D=10"18 esu cm)
g : quadrupole moment (non-rotating)
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Fig. 3 Gas adsorption isobars on zeolite Na A.
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Table 3 Example of commercial zeolite adsorbents
Zeolite | Cation Application Zeolite | Cation Application
DRYING PURIFICATION
Nat air, natural gas, fleon transformer Nat natural gas, air
oil, aromatic hydrocarbon X SEPARATION
DRYING | oxygen-nitrogen
K+ naphtha cracking gas, fleon, Catt PURIFICATION
A acetone, alcohol, vinyl chloride, li- hydrogen, carbon monoxide
quid prophlene SEPARATION
e = + 2+
PURIFICATION B K*, Ba Cg aromatic hydrocarbon
hydrogen, natural gas, SFg PURIFICATION B
Ca?t | SEPARATION
) . hydrogen, rare gas carbon monox-
oxygen-nitrogen, C; isomer Mordenitd  Na+ ide
iRt SEPARATION
oxygen-nitrogen

nbhB, WRERETR, €F 54 PBREHL
15~20 wt% DOFEEHF] KAV FA b, TEEY RFA
b, Y UB, TAIFE) &, MR OKRER LO
AEFORKRY (CMC, =F v 7Y 2= %) 3N
265, ZhAGRVCTROERMICELNZRERD
MTHEGREE, BEFERE, <7 nfloWE L amicKE <F
B4 ARINCIER BT 5, KERMLUEM - B
%, _ry b (BER) »5EE-X (R L,
500~700°C DEE THER L TREF» B OND,—T,
BIGERIR L, B LIy WVRIRIGREM & EA T4 b
ERERC R & BUE 2 MRIC 572 59 HEEC, €454
FERDEERIEH L (90~100%), A v -1V AKX
WoshEiz V-6 b, WThREFIORE L LT
i, VEREE, WHEERELEE LT 0.2~4mm DK
EEIN—BHITH 3,
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Table 4 Comparison among TSA, PSA and PTSA method for dehumidification

Specification of apparatus TSA PSA
size of adsorber 1.0 3/4~1/2
adsorbent silica gel, alumina alumina, zeolite etc.
gel etc.

capacity (Nm3/h) 100~50, 000 1~1, 000
pressure (kg/cm?) 0~30 5~15
switching time 6~8 hr 5~10 min
outlet dew point (°C) —20~—40 —40
regeneration temp (°C) 150~200 20~30
air consumption rate for K N 9

regeneration (%) 0~8 15~20 (at 7 kg/cm?)
heater : big —
schematic flow diagram

2 =0

PTSA
1/3

alumina, zeolite etc.
1~5, 000
3~20
30~-60 min
—40
40~50

4~8 (at 7 kg/cm?)

small
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Fig. 5 Adsorption isotherms of nitrogen and oxygen on Zeolum at —10°C.
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Fig. 6 Flow sheet of oxygen-enrichment PSA apparatus used for medical application.
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Fig. 7 Block flow diagram of CO separation ap-
paratus.
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Fig. 8 Adsorption isobars of carbon
mono-and di~oxide on Cu-Y zeolite.

STEERERRET B L@ TmTH DH, BHERER
ALY, BROBFEENFIHTE 2F0ORMLSDH
D, FORBIEASHREI NS SHCORBRT O S /) —
DR, T N DRFED, BT A ORRED i
EPREINT5, Fig. 9 {2 ZSM-5 #E¥A4 71 k
WX BKEEELHDOTE ) —LORE ERTE,

(5) HXHMILEDHIE

A T4 NBREFNL, AR b u— LAt —F -0
Ex b ol #iARE2ET20bWeT, LOBFRM
AREHFA L BICL Y FICTEINT 210D, B F
F o DKEIHARER, HFAUNBIRENE LT\V55%
THTFLLBEFIHHTE T ok, T2 CRIRIC
BUTHBERETHEOMILELHNET 2 HknERS
n, BERNEEER S LCoFIArEINE, €4 T
A bofMERICERET S OH £ )arvyrar
v R&ikszEs (CVD) gk v Si0p & EEMICHH
SEBHET, MILRZ 1A L2 b= AU TOBE

Adsorption Copacity (g/g)

o 5.000 710,000
Si0./Al:Os molar ratio
Fig. 9 Adsorption capacity of ethanol in water

on ZSM-5 type zeolite.

035 F e NaX
//z’f AIPO-20
030 | AIPO.S
/ __— AIPO:17

fb 0.25
E
a
@ 020
S
2 AlPO.-11
< 015
-
z
o}
e}
S 010
<

—_—— e e
— R

RELATIVE PRESSURE, P/Po

Fig. 10 Adsorption isotherms of water on
molecular sieves at 24°C.

THBANT NS LT B2 EXTHRRIC R » 1, TR
trxF=ootrs 4 L RBMEEK (X275 v (DFE
4.3A), 3 AFNA~T4 > (55A), 2,2,4 Y AF N
& (6.2A)) DIEENTE B2,

(6) BHERBEFSA b

YA I FEKRO Al H5\ 0% ST EoRF CER
TBZ XY, MILNOESHBE L ZOF MR LT,
RRDOEA T A M/ WREFRE 2T E TR TR
bhTwb, fobzid Al o Yiz Ga, Be, B #, %




112

72 SiofbHyic Ge, P e FREBRL, Ga-7 4 — %
FA b, Ge Tt -V ¥A b, Ga-ZSM-5 Fip Xy
BRI T BB,

727 CH UCC fic L v BB S hic—dE D Y VEET v
IZTAELX 2 T—— 7 (AIPOy) 1%, ToEE)
LIS N B L EATA N EL U B TA FoPiED

BAEFM (Fig. 10) 25 LTkh, 4%, BEFELT
MRS FI A 2R S 526,27
| | | | | I
omMe® 0 0 0 0 0
e | | = |6
~-0— ;}1 0- S| 0~ —O—S’i—O—S|i~O— 70—A|1—o—1|>—o—
0 o 0 0 0 0
I I I I I I
Zeolite Silicalite AlPO;-n
Froad HilaEE BEFARSETLIE LY

5= —7 (VPI-5) &R INL®, ZhETCabh
TuWicEEARIZ, 4, 5, 6, 8 10, 12BIlRTHY, =
DORIEBEEATA b (EHE 12~13A) 1%, BRERR Y
DERDFOFHRKEARER - LCOFANEL LR
T B,

(7) 2ot

A TA FRERMO LENERAE LTI g TF
WA 2058, KORE, BIHEILEDO 5B HEER
%D 1hy, HEELEYOREBCHILA IS
BRiC g » T &2,

W& B RT —EEo €A 54 bRV BRS
m, WAEHER, KBS0 DIl 2EREORE
A Z A4 MRERIDKFRRICHG S BRI ERLE
BTV 530,

X ik
1) D.W. Breck; ‘“Zeolite Molecular Sieves” John
Wiley & Sons (1974)
K. Tsutsumi and H. Takahashi; J. Phys Chem.,
76, 110 (1972)
Het&, N0 A RIS, 29(2), 107 (1985)
D. M. Ruthven; “Principles of Adsorption & Ad-
sorption Processes” John Wiley & Sons (1984)
K. Itabashi et al.; Bull. Chem. Soc. Jpn., 54, 1943
(1981)
BK
5
(1986)
WS, I “REEEDTERE T, 29(2), 153 (1985)

2)

3)
4)

5)

6)
7)

EATA OB LILAT, #EH (1987)
AL L TBERMER", TREHR

8)

13)
14)
15)

16)
17)
18)
19)

20)

21
22
23)
24)
25)

~—

26)

27)
28)
29)
30)

K4

Atk
FTiE

(112)

Journal of TOSOH Research Vol. 32 No. 2 (1988)

@

Prrk, T 5 “HEEHE £ , 26(1), 9 (1982)
BAR sy P=7 Y, 24, 58 (1979)
HA L E=2—, No. 118 (1986)

INF, wmH#E; “t5v2s =7, 20, No.3, 175
(1985)

TR MEREEHIESEE”, No.4, 55 (1983)
fym, =m; “€A 3417, 4, No.2, 1 (1987)
WA, W, e, B ‘¥4 54 87, 1, No/4,
1 (1984)

FFBARE60-186410

¥FBARE60-139337

FEBHIE61-17413

J. Klinowski et al.; Zeolites, 3, 5 (1983): P. Fejes
ibid, 4, 73 (1984): HrBARES7-170816 : HFBAMA
58-176119 7z &

N. B. Milestone and D. M. Bibby; J. Chem. Tech.
Biotechnol, 31, 732 (1981)
FrpARE57-30546

5 BAHE55-88806
FFFARA58-216132

FEH, B L ‘€474 17,
R. M. Barrer; ‘“Hydrothemal
Zeolites”’, Academic Press, 251 (1982)

E. M. Flanigen et al.; “Proceedings of the 7th
IZC”, Kodansha, 103 (1986)

B ‘A", 27, No. 4, 251 (1985)

M. E. Davis et al.; Nature, 331, 698 (1988)
& €451+, 4, No.4, 12 (1987)
F5HAG63-4824

et al,;

2, No. 4, 17 (1985)

Chemistry  of

e M B K& # Il — mH
Wataru INAOKA Kazushige IGAWA
IRF56E4 A1 R At BBF429E4 B10R
WHIEAR AL ST g DALY e
B—DrE FBrRE
FHEWEE F—MEER



