ISSN 0917-9917
CODEN ADNWEM

Adsorption News

Vol.17, No.2 (June 2003) &#%No. 65
H K
OXEF
F%%ﬁ%ﬁf%“f“fh?lj\l%)o ..................... ¥R —Z 2
OB14IRIEZE S > B 7 ADBEN Lt cerererreereienen, 3
OB17E H AR F R I TR R D BH LA e 4

OWge~4 74
B AMERE A A IR B & OV X b o IR O A AR RIS B
B BHEES  000095000500096000600060000000000600060000005000 =l %6

OHefii~A 74 b
KAEWAS —HZeFE (VPSA) % HiH L 72 kAR E7 v £ 2
.................................................................. R JigE 12

Ok
LSEPTEE  anoonnnceonasnessananeaatanenaassseanananaaansneassaEaeaaaEaaadanssas 16

5

OF7RIR
PIKIAFEE WA BRI D A-3Em S - B - s UEH O
;'ﬁj?j[\ ........................................................................... 16

OE@@:\/‘/FTQD:/T’]A%@B%D%% ....................................... 19

H ARG 76 5

The Japan Society on Adsorption



&

Kol

sl

EEFEEASWTTRIEARNSL,

BAKFEIFE FR —X

F18> T MEN ¢ PACHEC Denver 122500 L 72 D %%, 254F-Hij
TL 7. AIChE Annual Meeting I23i# 9 & 5127 > 72D 1%,
ZD104-{ 5 W T, FOA I, Santa Barbara LUK, \wo i
Bt T3, AIChE @ area 2e [\ A WA WS 78 THA4ETS
LLTET L, 34FETEDFOA A DbEIUR, T4 I W& HF
JEDD 7 VALY A FoFdizica ) &) icEw
AN

4B San Francisco Tld. LT & 9 7 KFENAE A+ > 2%

L—FTY,

02E01  Fundamentals of Adsorption and Ion Exchange

02E02 Industrial Adsorption Processes

02E03  Metallo-Organic Adsorption Materials

02E04 Mixed Gas Adsorption : Equilibrium and Kinetics

02E05  Supercritical Adsorption

02E06  Experimental Methods in Adsorption

02E07  Advances in SMB Separations

02E08  Applications of Adsorption in Fuel Cell Technol-
ogy

02E09 New Developments in PSA/TSA

02E10  Molecular Simulation of Adsorption

02E12  Characterization of Nanoporous Adsorbents

02E13  Application of Adsorption in Bioseparations

02E14  Adsorption in Environmental Processes

02E15 Nanostructured Adsorbent Materials

02E16  Poster Session: New Developments in Adsorp-
tion and Ion Exchange

02E17  Poster Session: Fundamentals of Adsoprtion and
Ton Exchange

01A11 Diffusion in Microporous Materials

T6015 Progress on Adsorbent Membranes

M Es IR - TLFEFWET, —HEFEDIH
11 H4:? Reno Meeting 1%, Separation & Molecular Simu-
lation & Nano Technology %* Topical Conference “C#ll ¥
BTL72. BAD LD - 72 TTH. MoED 5
IFHSAZMLTE L7z,

WESE CHISA & FEZA(F—w v 3nXr 74 F)Icfr&E &
L7z, 4413 ecced &\ T—0 v SOLETAIZHIFET %
2L ) TY, WIMZBMEC L2 9,

YEAIAL ML ARG T v T2 —2 g VIR
FilkZe £ 2 — 3ES L DKM TOEBEERTT S, T
BN EEATTRIERENTPBAST A ) %
F L. WELEIZ ISST02-JK &\ 9 HigaRarseHf s > Ko
7o (BRRHKY) T WEORAG T =572 LA -
ThkFEL,

EHNL, RNAZAEL TE F L7z, ABETERIAHIA
AR ) . 7T H2HIZOHE7 v+ 2 & s By >
RO T LD, WARFERFREEE )V NT 4 —F 7 —THMES
NFET, FEEHMSIZFEMERCEHEIN., 6 HiTHTo
L% HAMMEICE TR L £ 9. W55 B oF &Iy B
TV KGFZ LD TT, WG LA MEER) T
Wi BB WED L LILEE A,

PEBERTUA 22 gl 72 BAFEFZE L G A 12 70 1) . [EINERTEIR
Enos e HEZ LB L CEL LS T, WoEo AT OB
727 BREB;EFE S N D TT A ? 5 H NHK @ ETV 2%
o WTHEBREEZE & L CALIuN = 2 9 7 > TR 7k
A OWTREL T L, BCE»s I TE2blF T
FHN EFRA, TLWDLWALWREEDH 5 ) DTTH?
SERERGE D 5. WD L EAEE TV A WAL T 2 — X TH
KEFE> TR ZHED TWE WL DTT, ZDRHIZD,
Wil % 1 - TR A b BN by T 2ne
T TlE72d T8, BHIUE DR E O IR Ww & 25
LT, AT RETL L 9o BRDZ LTI

UIPCs R g s
B, T

g Jh& 19704 3 H
19764 3 H

S i v i = S o
PRI R T LR AR AL
faRa
HORCRE W T, AT (LRl
e

WIS (T, BT
)

Bl RSHR (BLTAAER)

19774F- 4 H

19834 4 H

1995410 7



FULORES YRS LDBH S

[tBPR T DS IRZ & B
O BAEYS
B 20034F 8 H23H (+) —24H (H)

AT BEARRFETHIN A > XaX—rartkrd—
T860-8555 HEATHISZ2-39-1

§& m

A= 7 A
R RN I T, A BMLELET,
R T RRAKREE KB EEREIINAG T > 77 > P2 2T 4]
BHS D ARELEX v o2 [T X4

ke
REA KRS FUARE AT ERE il
TEL&FAX : 096-342-3666. E-mail : hirose @ gpo.kumamoto-u.ac.jp

ZIMPIAATTEFIHEA, 707 7 207 & & ICBAEFRR— 2 —2 L BETBMLE L £,

axusrimm http i hwww esuahio edulfoal

pan hitp:fenvehem.iis.u-tokye.ac,jpfoad

EENTe 200357R18
@D 2004558 23-288
&L ® Hilton Sedona Resort & Spa

Sedana, Arizona, USA




KRB A

EE&ERT:

B2 OH =
ERE:

= m

BB
SITHIRRA

1T & B

FRREBARY)
EEERTM | PFH54E 8 H22H (4
EMTFHNE & UBRS TR
< EHRSE © T501-1193 I R LI RIS 1 - 1 IR i B R Se 2 > & —

B LA

CERI54E 9 A26H (4.
TSN R
DR I R BRET N 245

" E-mail F7213WEEIEH7E T,

F1TEHARBEFEMEARRESDEML

27H (1)

(F501-1193 Mg B By B 50075 1- 1)

WAZ, ZEHrI B BRET 4 Fo S 25 ) i b Mo 2 [ Rz ) TE (155048
Mg B kenys | T, Friefl304, SEE3I0M, 2 7 & — TIRArERR204r, #2,0001],

i

i) 12
e,

EABETHETRE BENLET
DI B RS T AT S 2 1Y
DI R T
DI B KA AT A S 2 1Y
DEEFEL 1290, BBE 8 .

oE—
201
22~245

FRE L 2 [

OHP #7237 47 vy x 7% — (Power Point) TIEH T,
—FEF D FRMER 1 RERI304, AR LS ERIEHE90em. #E180cm.
1. GhEUEHE, 2. %‘i#—?&%\ 3. TR (e £ 72 13 R, R, Fr
fed, WA, FAX S, Ermail 7 FU2). 4 BERRPA (NAE2BRAY =) £RALB#LA
HALIEE N, 4 ZOWTE AR :iﬁ%zta‘wan% CEWFE A, TR IEZ N,
A ARG =2, #EEB. 147610 UE (%HR) . K& GREEZONZO).
72 1) 453 I—EXI_Y)THB%CL T FATIC RS (FBEG. FAX. E-mail #8CAL TL 728w,
¢ E-mail DI (MS-Word ver.6.0 LI.E) & L CTFRESEHGICERED { 28w, T BKk—
DT>7TVv—F77ANEHELI LT, WRELHIZ AL 728 v,
9 H26H IR KA FEAXMICTUTVWET,
42 HS,000 (- %) 10,000 (2E)
JE4H 10,000/ (57 - 2%%). 12,0001 (PE). 24,000/
727z L. TRHIAZIZ2,000HFI5], ShnEsfic iz ZegERLTENnE T,
(HgHEDLIEADEAS, 000, )
—%7,000, 45,000, 72771, FREAZIZL, 0005,
BN TATO IS TH LIAA C 723w, [z, I, BBlafic Rz c
EiNAR A=A

RAL

14Th T THEE%E 14T
&L 7 5N
L— DT R

MO PATIRF M T X

FNERAT I R R RAT
CEEFRYS 01107351 MIAES © B17TRINE S R ik
SERISE 7T H14H (H) ()

) ()
SERI5E9 H 5 H (%) (04698)

jsa2003FATZR B4 (2l BANET)
ARG 0 058-293-2078 FAX : 058-293-2079
e-mail - jsa2003 @ green.gifu-u.ac.jp
R—22—2 [ http://www.green.gifu-u.ac.jp/~yuasa/jsa2003/



HREN
anm ERN. ]

\
a
f

= \ “"""IT!-;-.-._. — g mmrE
L L ke ]
ey ' : & Tm- v
x 5 . X SHN C
s 3
. BEEii
ki !
AT |
; = wgkxg F4TH
LIS s
TRET T -
(GA=NE S VAP

LHE, TR T AR B E N E T T @ BMEZ AT VL) THET S W,

T 1

i

BESH - AMEEE
-#MEAS—a
T AREE) f

e
;-
HaE—i% -
"'l-l-..__‘--. I:E:.'
LA (R
4|
»
——
mRRE *
350 el A




WZENF4 b

SBIREMIE A F ABBES LU Y
BRE D BB RSB ICE T 55
Adsorption Mechanism of Organic Acids on a Weakly
Basic Ion Exchanger and Highly Porous PEI
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Table 1 Experimental physical properties of Chitopearl
CCS and DIAION WA30

Chitopearl CCS® DIAION WA3(0Y
unit molecular structure
H CHOH % P -CH-CH,-CH-
% © ° © @
HO Lor 1o E ¥ou _cH.  CENCEH),
R': -NHR R":- NHCH;_FHCHQ - PEI°
OH
particle diameter [m] 6.254 %10 7.720 %10
6.505x 10*
apparent density 1136 1131
[(kg of wet resin)(m® of wet resin)™]
void fraction 0.730 0.427
porosity 0.831 0.486
water content 0.734 0.429

[(kg of wet resin)(m’ of wet resin) ]

@ Fuji Spinning CO., LTD;
LTD;
lar weight is 10000.

> Mitsubishi Chemical CO.,

¢ PEI; poly (ethylene imine) of which the molecu-
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Table 1 IZEBICHAH L 28R4 R L 72, Zb DElEI

Bk § 47 4 > B & OMERARFE O R EIC B W TEN
BRI AETE N AR L 2R CTh B,

T IEEOERE E3RT I /%) 235> Tn55H
FVERE A A > IR DIAION WA30 & AFERR & DR
HrBALR & F~ 7z,

(BFfs 5 X O'FLIE © AH)

K,
AH === H*+ A" )
K
R—N+AH === R—NH'A~ (2)
(1) > T . MH,)
Kmal
MH, === H*+MH" (3)
Kmaz
MH™ == H*+M* (4)
K _
R—N+MH, === R—NH"MH (5)
K
2R—N+MH, == (R—NH"),M* (6)
(7> CH,)
Kcal
CH; == H*+CHs (7)
KCaZ
CH; === H*+CH* (8)
KC[Z
CH* <2 [+ CH* 9)
Kei _
R—N+CH; == R—NH"CH; (10)
Ke: _
2R—N+CHs == (R—NH"),CH* 11)
Kes 35—
3R—N+CH; == (R—NH");CH (12)
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= KMl{x/(l+KM1[MH2])2+8[ZA§§[MH2](]°°M —(L+ K[ MH,))}

M2
(14)
_ Gonr | (1+ K[ MH:])* — (1 + K[ MH-])

Quz="5"F 8 Ko MIL)

VA + Kl [MH:))* + 8 Kuwo MH>) Geont (15)

qu=qm~+ qumz
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*( 3 0TKeKes 3K CHi )2 T 3RA[CHT
(20)

A=0w"] —7b+m+ w ") —%—«/F(R>O) (r=0,1,2)

A=(—1)"2 facosez”f (R<0) (r=0,1,2)
_ —1+V3f b - b
w=""5" R—T-i—as, cos,t9—~2‘/7—a3
KA/ 7221{52) ., K& ¢
a=gepe \ Ko =g JICHs a2y 1 CHil
3 3 2
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Gein ez B LU ges - 3X(10), X (AD) B Lo (12) o SOEic X
DA S 7z 7 22 RIS (kmol m™2) . Gec @ 7 > FREUAI
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Fig. 1 Ic MR OWEE FRIRE R L 72, 14Tz 1o
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pH
Fig. 1 Titration curve for adsorption of acetic acid on
WA30. —eq. (13), g»a=2.94kmol m~2
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Fig. 2 Titration curve for adsorption of malic acid on
WA30. —eq. (16), ----- eq. (14), ——eq. (15),

Qoorr =2.80kmol m—3

3 T T T
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Fig. 3 Titration curve for adsorption of citric acid on

WA30. —eq. (20), ----- eq. (17), ——eq. (18),
—-—eq. (19), gwc=2.80kmol m—3
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Fig. 4 Titration curve for adsorption of acetic acid on
CCS. Symbols: @ CCS, O WA3O0.
——, CCS: qu=2QwiaKis|AH]/(1+ K s[AH])
fffff , WA30: eq. (13) i=C, P3, P2, P1
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qa=
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(22)

qM:£+(1+KA[AH] K[ MH:]) X

(1+ Kl AH ]+ K[ MH,))
8 Kzl MH)
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(BFfe+ 7 = > BR)

KiAH]
U= R [CHL] 1! (24)

Kca Kes R
e=qet g Te T4t Ra [ CHT 4

2Kce1Kes| CHs]
3KC3 qci

Kc1[CH3](1 +Ku[AH] +K01[CH3])
3Kcs

_ K&[CHs) oo
3Ken (25)

() > W+ 7 T ER)
7KM1[MH2] KMZ[MHZ] 2
qu= Ka[CHs] qe1t K%l[CHg]z qci (26)

(23)

g+

2

— K,
L AR

3 + < ZKM2K51[MH2] 2Kc1Kcz[CH3] )
gci 3K s 3K s qci
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3 {%‘}13]2 a4 27)
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Fig. 5 Titration curves for adsorption of acetic acid and
malic acid on WA3O0 in the single and binary sys-
tems.

(D) acetic acid and (A) malic acid in the single
system.
(O) acetic acid and (A) malic acid in the binary
system.

Fig.5 DRt + ") > T OE4E. pH>3. 5 Tld Bk L O
) > TR RO R 2R L 72, LirL pH A5 F 47512

Oﬂfﬁ?@mm%%ﬁiﬁﬁ&‘ L. pH<3TIFFEEM T WA S
I GIc ) > TR 1 R ROSE =T B L) Ic ko 7z,

3 T T T T T T

0 @
25 [ \\q 9 T=293K

aa qc (kmol (m? wet resin)1)

Fig. 6 Titration curves for adsorption of acetic acid and
citric acid on WA30 in the single and binary sys-
tems.

(D) acetic acid and (P]) citric acid in the single
system.
(O) acetic acid and (L) citric acid in the binary
system.
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Fig. 7 Titration curves for adsorption of malic acid and
citric acid on WA30 in the single and binary sys-

tems.
(&) malic acid and (P]) citric acid in the single
system.
(A) malic acid and ([J) citric acid in the binary
system.
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3.5TCI3 7 = Y e BRI IC WG S L7z, ) > TR = 13
pH=3.3NE Tt —7 25 pH<2 4 THUHIM L M 72,

2 — 3. MFRILEURE

DIAION WA30H5 &% b= CCS 12
OFLER O RL T NPT RS % B & 21
R &0 W 2 JE L 72,

B oS X
T 572010

2y —"Xy

20 7 T
CCS - Acetic acid, 208K -
’H; 15 | CCS-Accticacid, 205 K i
o
é CCS - Lactic acid, 298 K
Y L
S 10
X
3
/A 5F
N WA3(- Lactic acid, 208 K
0 WA30 - Lactic acid, 293 K

0 0.5 1 1.5
C, (kmol m-3)

Fig.8 Plots of Deff against C,
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Fig. 9 Parallel diffusion model
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0X Y o
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Q 756 a+1
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R=q+eC (31)
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fzo w7 KT —HEHUREL (Dp) 13455 7z Ds % 3X(28) 12
RAL TRDHHREFWEEDH—T T 4 v T4 > TH
LIRDIz, ST Ds B XU Dp I3, yFEEE ICBAR 7
=D ERL 72,

Fig. 1012 1% DIAION WA30IZ 31T % it & FLEE D IR 75 iH
BT —5 %R LTz, EMROUFNILEE T N 5 Ked 72 Bl



10 102 102 104
Time (sec)

[ Go-0.984kmol m
(6=0.083) 'S

0.6
[

T=208K
L

10 102 103 104 105
Time (sec)

Fig. 10 Experimental and theoretical uptake curves for
Adsorption of acetic acid and lactic acid on WA30.
—, parallel diffusion model, eq. (28),
D;=5.0X10"m?s"! and D,=2.6X10"1m?s"!
in acetic, Ds=2.1X10""?m?s"! and D,=2.0X
107"m?s~! in lactic;

***** , pore diffusion model, eq. (28) and 3=0;
—-—, solid-phase diffusion model, eq. (29).
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Fig. 11 Experimental and theoretical uptake curves for
Adsorption of acetic acid and lactic acid on CCS.
——, parallel diffusion model, eq. (28), Ds=4.4X
107 m?s~! and D,=4.1X10"m?s"! in acetic,
D;=3.6X10""m?s"! and D,=1.8X10""m?s"!
in lactic; ----- , pore diffusion model, eq. (28) and
B=0; ——, solid-phase diffusion model, eq. (29).
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Fig. 12 Equilibrium isotherms for adsorption of citric and
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Figure 2.1 Schematic illustration of small column appara-

tus.

Table 2.1 Measurement conditions.

Adsorption pressure 120 kPa

Adsorption temperature 298 K

Outlet gas rate 1/N/batch

Pressurization 5 seconds
Sequ

Adsorption 30-420 seconds
ence

Desorption 600 seconds
Desorption pressure 13 Pa

Na-X, Na-Y, USY, Silicalite, silica-gel, and

Adsorbent

activated alumina
10-15¢g
10mm*® id X 250mm'’

Adsorbent weight

Small column size
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Figure 2.2 Water vapor breakthrough curves of Na-X
and silica-gel.
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Figure 2.3 Total and reversible adsorbed amounts of

water vapor on adsorbent samples.
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Table 3.1

Bench scale experimental conditions for water vapor removal.

RUN Pa Pd Ta K te w Gy Co
[kPa] [kPa] [K] [ [min] [kg/tower] [nl/batch] [vol/vol]
1 1.05 0.05 25 1.2 5 1 54 0.03
2 1.2 0.05 25 1.2 5 1 62 0.03
3 1.5 0.05 25 12 5 1 77 0.03
4 1.05 0.1 25 1.2 5 1 54 0.03
5 1.05 0.2 25 12 5 1 54 0.03
6 1.05 0.05 25 0.9 5 1 54 0.03
7 1.05 0.05 25 1 5 1 54 0.03
8 1.05 0.05 25 1.4 5 1 54 0.03
9 1.05 0.05 25 12 25 1 47 0.03
10 1.05 0.05 25 1.2 1 1 39 0.03
11 1.05 0.05 15 1.2 5 1 67 0.03
12 1.05 0.05 40 1.2 5 1 46 0.03
Table 3.2 Experimental results of water vapor removal.
N % Co Gp G, L C, Wb Wy Wt
[nl/batch] [vol/vol] [nL/batch] [nL/batch] [nL/kg/h] [ppm] [wh/m®N] [wh/m°N] [wh/m’N]
1 54 0.03 3.1 49.1 590 1000 199 11.71 13.70
2 61 0.03 3.1 56.6 679 1000  7.51 10.17 17.68
3 77 0.03 3.1 71.5 858 1000  17.06 8.05 25.11
4 54 0.03 6.2 46.0 553 1000 2.12 17.19 19.31
5 54 0.03 12.4 39.9 479 1000 245 2490 2735
6 54 0.03 2.3 49.9 599 10000 1.96 8.65 10.60
7 54 0.03 2.6 49.6 596 5000 1.97 9.66 11.63
8 54 0.03 3.6 48.6 583 100 201 13.81 15.82
9 47 0.03 27 42.7 1025 1000 1.9 11.72 13.71
10 39 0.03 22 35.5 2131 1000  1.99 11.74 13.73
11 66 0.03 38 60.5 726 1000 198 11.70 13.68
12 45 0.03 2.6 41.5 498 1000 1.99 11.73 13.72
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ing capacity, and electric power consumption.
(Outlet water vapor concentration 1,000ppm,
adsorption temperature 298K, purge ratio 1.2,
cycle time 5minutes)
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