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WAL 00 /8T A—&
« kAR (Amount adsorbed): g = C,V — CV > q = (Co—C)V /W
o W V-#r (Adsorption equilibrium)
« WA (Rate of adsorption)
o W (Heat of adsorption): #yEI 25 Tlak + kJ/mol (kR EE [ FLE HDUNNE+ o)

o« EHE (Selectivity) b2, 35 O35 BUT R 2B K)/mole B2 edbdhs

ZDAhDFEEE
o WA PERE (Performance of adsorption)

— HDHINTHL T, K DEAEFRATTOWRFERE ) o WAG M DDUNII A FEEITHIL . W s
DA IR o

o A5 (Characteristics of adsorption)
— — RV E FETIRHEE, RN - KRR RIS B H DO RBIRE,
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q"=f(T,p)orq” = f(T,C)

o A FRANE, EZ —ELL TG E OB i BtR 2R B 5

q-=f(P)rorq” = f(O)r
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BEETIN (FiEER) 'L

I 7Y
Type | Type Il Type lll Bj—TpZmeI7uflo s (Langmuir E51)

I1 78 ;
B —7 kD% 57 1 EWes (BET £50)

Iy
AT AT DSy AT Sy -1 LR ELAR IS
Type Vi Type V Type VI PHERE

g, amount adsorbed

IVHY:
il FLZERID RS EUTIY, WG B AT UL 29358k

VAL
WA NSO A5 AL 22 R0 8 521 ) D555

p, pressure (C, concentration) VR

Types of adsorption isotherm (IUPAC) BRET2 2 o7 - JaWas
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[ B RER & Langmuiry

o TRNX—ITHE)—TRAE AR IRES>TND

o 12051 DODONFE ANTRE SIS

o WEIERRYT, BRI E SN TNE 7 T-OREIT S5
o WA 1R O EAE IR

Adsorption rate is proportional to pressure and
vacant site

. . . Vg = kop(1—6)
Adsorption Desorption rate is proportional to occupancy
rate. k l Desorption rate vy = k40

e I ky In equilibrium, v, = v,

. k,p(1—-6)=k,0
:_:_LAWAWAwAWAwAw TA"‘?’VA Adsorption sites 6 = (ka/ka)p
i 1+ (ka/ka)p
Defineas K = k,/k; and 8 = q/q

_ 9oKP
177 + Kp

TER KIS B e R qool3s AN k9%

N;: number of occupied
Nj: total number

Occupancy (surface coverage): 8 = Ng/N,
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LangmuirZ A b: Langmuir plot

qoKC

1= 11kc —

y=2.519 x + 3.867
R2=0.998

ge° [g/g] K [L/g]

y=2.153x+1.089
R?=0.999

MEK 0.397 0.651
10 }
0.1 Toluene 0.464 1.98
0 L L L 0 1 1 1 1 1 1
0 5 10 15 0 2 4 6 8 10 12 14
C*[g/L] c*
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_ qeoKp _ qoKC
1= 1+ Kp

q = kC (= qKC)

ne=)o=
KIFEEHRW
2 2 Ft O—0O @& kg kg
2 =
o o
c 1=
-] >
O o
S S
° ®. k, < kg
< IR 1+AC = 1 <
K, ¢° lTEEHR
p, pressure (C, concentration) p, pressure (C, concentration)
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o — HIFBFNTEWIE B2 8305, JE) (BREE) DS Rkl sl G Rz <4

o EUARMOWE T ANIZ RN F—THE)—, Langmuir®T AL Bl & 25 5)

« ZEHI EOWAETEAEZmEIX RS T R — (EEEEEGEY ) T A S5

o ZERIHIRIZ 2720 IS BB _ERRITARW — a0 volume-Tilling M 251336 FH Ak

JAVAVAVAVAVAVAY,

o ROR——

B
M

Layer n

Layer 3
Layer 2
Layer 1

BET equation can be writes as;
g n cp
Nm  (po —p){1+ (c —p/po}

n:amount adsorbed
n,,: amount adsorbed monolayer equivalent
Do: saturation pressur of adsorbate at the operating temperature

TER o 11 &S5 208 DU S B D

<E1 - EL>
c = exp
RT

E,: heat of adsorption for layer 1
E; :heat of adsorption for layer 2 and higher (heat of condenzation)

c: BET constant
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n _ cx O
N, (1—x){1+ (c—1Dx} o o
x = p/Po =
l s
X
x _ 1, =D T 0.05 < x < 035 TEAPEARHN., SORPIZEBET AT I
n(l-x) cny cny BHT DXV fL~~ufl).

I T AN EMIZ. BETET LORHEEAE — LRV, x = 0.1 fiF
VETRBNBIERR 2RI L (8 EAIZBET Fe & k2 ke 5 (IS0, JI9),
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I B &R 4R & Freundlich3{

o IMHOFRIRZ R RA RIIHTHDH, IRAFLUBAHE A TAHALND
o K (IR ThRWIRE BSOSO B E O RBREITE T EL W RIZMO T ARUTHL T,
MO ARG TR FU 7RG TR (g P ) SR

o ZDXOERMAE R T OITIE, REFEFHHEDOIBZLAFreundlichz20MEF| THS
o FEGRIET MCHEELWERR DT, Freundlich T VO EEWDI S W HFIZLARW

Freundlich equation is writes as

— 1/n
Favorable q=kC

1/n>1:typelll, 1/n< 1: type I, 1/n = 1: liner, 1/n= 0: independent of p ()
Ak, Freundlich & BRI Bk 2 Filz e

7272L . Freundlich N2 BEGRAVIZHIIAL . EBOWE L2 E R
o bl AR ENTNS
fravorape Bl ZX, ¥ — £ (ZRNVF—NIAE) — 2 G AT D 72

p, pressure (C, concentration) %2 ?hﬂl%bﬁzh’?‘?‘b‘ﬁ% PEZSIUTWYAIBETE T DEVIRE TR ED
S| A)

g, amount adsorbed
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« ZAUEWAEMITBIT 5B E)

Mass transfer in porous adsorbents

Liquid film

@© N THPORAE AR A DA R ~DBH) i
Mass transfer from the bulk phase to the outer surface
of an adsorbent particle

@ WKL T- TN I
Diffusion within the adsorbent particle | — @

Q@ WA FDRAG I ADWAE |
Adsorption of the adsorbate molecule onto an
adsorption site

Flux
KL - NOWER B % a3 S8 5103, QR MHLTSS%M: Porous adsorbent
THIEZTT, (e.g., activated carbon)
OITHL TORIEFITHND T, — ANV LR N OIE L ZE
B &8,
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© PAHTILER GRS M2 AL TS B DSL., Gt hOREE DT ORI (=15 =

HEm 4TS,
o KRS TIXEEREETH D, VL ERE . WE oM A5 RD 77 BT « s DT — 24
FhELTHEE,
qgw = (Cy — O)V
scl ., £
= a 9
£ K E
%o 0“0 ) e 2 C %
(o) (Scee e g
Flask and shaker Stirred tank

time
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o WS BN IRV HR L DS PR S B EDFET HA

dq : dq :
E—k(C—C) or E_k(q —q)

o EREDISTREEIR UL (DHDUNFEE2R i) LU TEBISN D, AL 0A A 22 Ha
DWFFETORE B Z LD,
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o SHEEBOMIR (1R I)
d d
d_z = Kra,, (C—C*) or dz = Ksa,, (q" — q)

Overall mass transfer coefficient based on Cdifference: K
Overall mass transfer coefficient based on g difference: Ks
Interfacial area based on mass (weight) of adsorbent: a,,

o WS EDNER A 2 a9 A IR IR E DR FE 22 H AN & B2 35
> Liner Driving Force (LDF)
— VT A B AW E BB OHEE )

o 2RIIDIFEFRIZTDOUNT
— A2 e EIZBUT 5257 F RO 24 L 20,
— fROBI . WE B BRI S BITHKRATF T 5.
o I PEREI G ADIIBRIBDHSE — RITETL
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A typical 10l ) F ‘
breakthrough 0.9 ”_ ---------------------------------------------
curve 5
S 05
: € 7, bed length
0.1} e CGRTILTEESEEEEREREDS S , Fresh
b2 1 A
u, '." e, i Za, adsorption Z0one
Batch operation linear velocity
_ Saturated

c ¢, Concentration decay curve

kS

g &7=0

=

]

e

o £

oc b °

®e
% 0 © I
time F, flow rate
CO
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o AhadE. IR, REREDOFRIMFTBNT, HFELWBOE R ZE RS

W % Tl E RO A BB SIS,
Fresh
o AAPSTITHET L, AR OIRE SRS R AT —EDEEH £ t
119 %, ZOPEE 7 A i pR OB 2 D 5, B .
adsorption
o VP WS B DA H DN H DT O YVE BB EOR A OIS zone
Saturated

time tg tp 1
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AR AN EU T A lIc B 5IEE Wk
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H%% ifd‘iﬁﬂiﬁ%‘l&g

> WA Re 72 RORNTIRAE #7238 #0d 5
> WA MO ST, b2 i35 ()

> e EMERELEEE, a2 3 (PSA, TSA)
l
& U7 il 70 % [l )
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EAARL T EBEARAL % Pressure swing and temperature swing

A P T

- Low temperature T EMEW RSB RKEZN
o —, ElyH)” :
e T
g A High temperature ,fj;g }%@iﬁ‘?;%g MRS
S PSAQD JE %iﬁf@?%{'ﬂiﬂ#ﬁaﬁ%g
p, pressure i & DRLAEDOE
— PTSA

FEaL 7R 2D 558, DI ZIEZR R (IR - 2% ) ONA T H R (AR« bR ) IZPSAILEL T3,
—TJ7\ FBERFND X572 VOCDREF: « [BIUTE 1 22D HBDIE XK EETH D72, TSA (PTSA) B3 FIHEN
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o WG HE
— PR
— A4 NaX (ELFaF7—I—7 13X)
— HEREME S m LY
— IR ARG (MOF: Metal Organic Frameworks)
— AF R Wk
— LEAB A FLAR (7 IV R LK)
— TNVAVE IR

o W ALE
— PSAE AL 7MW HE)
— TSA(JRJE R 7 W45 )

Yy PR, =

ALZEMR S B PO

K (DAC) THARD

‘ HIROSHIMA UNIVERSITY

33



EEREIEE®E (MOF)

Feik7a w1 2 b DMOF (B ZIXELM-11) I3 N 2 BTk G B 22 AL LIR A I 59 5%
(HIAL) 2L Do ZOXIRBIGII 7 —Mfas IEHE., TEHZHED TN,

> 09.5 %
(@ 0 product purity

o @ comvantional adscdbend

isoiliaie hiRivresl 470 %
productivity

61 % power
J consumption

CO2 adsorbad

COalNz

Yuya Takakura, Saeki Sugimoto, Junpei Fujiki, Hiroshi Kajiro, Tomoyuki Yajima,
Yoshiaki Kawajiri, ACS Sustainable Chem. Eng., 10(45), 14935-14947 (2022)
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=
p, pressure p, pressure p, pressure p, pressure
BT (S ) pHisk T 1@5(@%%@)@3@2?
IR TERND SO E ‘
BEICHE T AR HF@%KE?‘ZDIX\/I/
X—lT/hEN F—lTREN

DAC (400 ppm = 0.04% 25D 57 EE) DHEL X
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DEEREE : PSA (CES o EE)

=Rl

Adsorption pressure

O .

Q Desorption pressure

= A

(]

(7]

©

©

)

c

=

()

S

©

(S B

‘/
p, pressure

PSA: Atmosphere Compress
VSA: Vacuum Atmosphere
VPSA: Vacuum Compress

2 I53LPSA

High

Pressure

Adsorption

Mixed gas

AT )
Cycle
(sec.-min.)
Desorption Desorption
A A
¥ \ 4
Tank Tank

High

Pressure

Adsorption

Mixed gas
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o TIVHEL UIEROT]H
v —IZ L COBEE 2 DT IV HIEL AL (S VB FL) Bl A
VORI  JE I EDINS ORI 7 a2 Rt
v F 6y (HAL) DAL

Hiroshima University and Taiyo Nissan Corporation, funded by NEDO (JPNP20004)

Saika Okamura, Kazuhiro Mochidzuki, Nao Tsunoji, Hiroyuki Takei, Yuichiro Ito, Takayuki Ichikawa,
The 12th International Conference on Separation Science and Technology (ICSST23, Okinawa), 2023
Saika Okamura, Kazuhiro Mochidzuki, Nao Tsunoji, Hiroyuki Takei, Yuichiro Ito, Takayuki Ichikawa,
The 8th International Symposium on Energy and Fuels (ISFE2024, Hiroshima), 2024

‘ HIROSHIMA UNIVERSITY 39



REEWEH (EFRIN)

—— humidified N, purge

Ad tion Li
ﬁ* v gl fasorption Hne IR BRI

555 Ribbon Heater

—x

NZ
MFM PR
co, = Tatiat o,

Phoriior ! MFC I sensor

Fan

-

Humidifier Steam Drying Oven Cold trap

Generator é

condenser

o T T T e
7 = 18854k e | RS

e T K:'Hn g

SEISRIR P ., Bl

(a) 3.8 mm, (b) 1.4 mm and (c) 0.7 mm alian = S o
(a) original (b) crushed (c) crushed
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W% Rt 7 D E= i

40

W #5 (80°C)
M“’\ﬁm—:
==Adsorption
—inlet side temp.
outlet side temp.
20 40 60 80 100
t (min)

100
95
90 §’
g
85 s
©
80 &
£
75 &
70

0 20

| NJBE# (120C)

==desorption

outlet side

40 60
t (min)

7 IV AHFZ FL4K (3.8 mm) 40 g, CO, 30% hnizL

—inlet side temp. .

140
11200
o
o
S
-+ 100 -E
]
£
80 9
temp.
60
80 100

‘ HIROSHIMA UNIVERSITY

41



AFY 1R (K#E) O

MBI DR PR DR

0 1
0 10

O 10 20 30 40 50 60 70
t (min)

7V BHFFZ LA (a 3.8 mm, b 1.4 mm, ¢ 0.7 mm) 20 g, CO, 10% hniR7eL
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FHRBEDLLE

3 4
3
% 2 [ B
~ ~
= ©
£ £ 2
BEJ 1r < ® (a)
@ Adsorption 1 ® (b)
A Desorption ® (c)
——Volumetric method —Volumetric method
0 ' : : 0 | ! |
0 10 20 30 40 0 10 20 30 40
Peq (kPa) P, (kPa)
TIVAHEZ ALK (3.8 mm), 80°C TIVBHEL L4k (a 3.8 mm, b 1.4 mm, ¢ 0.7 mm), 80°C
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Humidified Water Humidified Humidified
mixed gas vapors N, mixed gas
MODE 1 _ L _ L _— —
[ Adsorption » Desorption > Purge » Adsorption [— . . .
Humidified Water Humidified
mixed gas l_ vapors mixed gas
MODE 2 ) ) )
[ Adsorption ]—>[ Desorption ]—{ Adsorption ]—* c oo
Dry Dry N Humidified
l_ mixed gas 1_ gas ‘ l_ mixed gas
MODE 3
[ Adsorption ]—{ Desorption ]—{ Adsorption ]—* <o

AT AW A — BBEOK 2 Ui

WESRAT AW AT — we i s SRS

& WINLEBEEEEEIZIRIC — fHe/NROATAD ik

® HERRAE B RATIIEIXU R — I < Sl A EL
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MARETTNDE L C K S BEER D ELE

1 1 1
08 | 0.8 | 08 r
o 06 r o 06 | 06 |
S S .
L
04 | 04 | S 04
02 F 02 | 02 L
MODE1 MODE2 MODE3
0 L O 1 1 0
0 10 20 30 0 10 20 30 0 10 20 30
time (min) time (min) time (min)

N AR S SRS — W IR AN
IR 28 33— - i o 25
7 IV CHFZ AR (1 mm) 35 g, CO, 22% KL DR E)
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