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http://upload.wikimedia.org/wikipedia/commons/9/93/Argon_dimer_potential_and_Lennard-Jones.png
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Mixed mobile and localized adsorption on
a heterogeneous surface >

Ref.) Adsorption, Academic Press (1999).
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AN ZFE M@ (internal surface)

BHFL (open pore) BAFl. (closed pore)
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4} R M (external surface)
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7 )LESEH0F, (ultra—micropore) < 0.7 nm
A—/\—=/ 0¥, (super—micropore) 0.7-2 nm
**JH., (mesopore) 2-50 nm
<% 8H, (macropore) > 50 nm
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W= f(p, T solid, gas)

0578 3 iR #% (adsorption isotherm): W= F(p) ;4

0N 75 25 [T 4% (adsorption isobar): w=7(T,e
I 75 5 = #3 (adsorption isostere): p=f(Dyoe
I J 1} i
El v ' Vi
i ] 1| /1
B
.

Relative pressure p/p°
Ref.) Adsorption, Academic Press (1999).
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Ref.) Adsorption, Academic Press (1999).
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1. Henry’ s law

W= k,p
2. Freundlich eql./ Jirial RS "
W =kp™" >IN =K, + KW + K W2+
P W
3. Langmuir eq. — Ky = L'HJ(F)
B FERE R v SRR O
W — abp Va:kap(Ns_Na) Z
1+ap VKV,
k, k; frﬁgﬂ "
N;: BB T A%
O _ 1 n P N /Emfrq%o)%z
W ab b i EZeEE

o= k/k,= BiE A TR W A8 E AR
b= N,= SaFILHE B

P/ Py
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4. Brunauer—-Emmett—Teller (BET) eq. O
P —— oS o 0008

RE
2B B LB OREELEREEEZELL

HEO S FRIAAE AL
VinCP

(Po = P)1+(C =D)(p/ Py )}

: p<Lp, M &EZ ., Langmuir eq.&755
Fig. 2.1 Curves of n/n,, against p/p°, calculated from the BET equ:-nion C ( j: [&% *E E 1/E % % }i H% (>0)

(2.12) for different values of c: (A) ¢ =1; (B) ¢ = 11; (C) ¢ = 100; (D)
¢ = 10000.

Ref) Adsorption, Academic Press (1999). D 1 C 1 P
W (p, — ) Y C v.C p,
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4. Brunauer-Emmett—Teller (BET) eq. Q

L5 F BRI QBM%
- v, _ 1 //m 7
I / - 28 B LS QR A RIS HREREELL

C=2+1 AED S FRIBE R EAL
W — VinCP
%] g (P, — P){L+(C —D(p/ p,)}
/////ffj p<Lp, M &EZ ., Langmuir eq.&755
Cos 1L ClIEREME fEAERBR (00)
& _C-1p P 1 C 1 p

W(p,—p) V,C Py W (p, — p) vC vC P,
v WP g fEEs
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HRADHEHE RECC) BEFZASR (mmHg) 2 FETEE(A?)
N, -196 (RAEREE) 760 16.2
-183(RIETIILTVRE) 250 17.0
Ar -183(ERIETILTVRE) 760 13.8
Kr -196 (RAEREE) 3 18.5
Cco, -18(FSAT7AR/TR/—ILRF)—RE) 1,000 19.5
o, -183 (&7 LTV RE) 760 14.6
CH, -183 (AT ILIVRE) 82 16.0
H,0 25 24 10.8
n-C,H, | O 810 32.1

Ref.) http://www.yuasa—ionics.co jp/powder/term_powder/sokutei_genri.html
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5. Polanyi® R ERT v IL B %3531 715 = BiE 2R
- BN FRERBOKE ZRTRRE €.
W & e "
b=— Ri& 7 F IR IAIKRRE

P
R ERT >4 )L (adsorption potential) €

@
@
([EILRERE~NREEERET HLE) %W
€ =RTIn(p,/p)

M MM M
- N W N

YRR AR (characteristic curve)

7
6
WEFIEE THY. REITEKFLEL . 5
) Dubinin—Radushkevich (DR) plot = 4
Micropore volume filling model RE 3 220
? HFLIFE L Gaussian 2 ! !
|nW:_(ﬂ (P / p) +INW—_ =7 0 50 100 150
OO0AR=E In*(p /p)

BIRES meakr) HHERE IRV —(BESIKE)
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EEREFRIR - t-plot method
(standard isotherm) W BENFRBOESC

t=—o0
_ ., v, (N,: 0.354 nm)
4—
L ot — slope = v /O
& :')-db T a3 +=
ge —

w g | b @ = 4, L
A o ]
~ [I:Ell 2 o % 2 R —
% 4 et a=a o LX(slope)

= L]
EIIS = gl :

— 4}
! Adsorption isotherms t-plots
[ TN TS WO T TN N M S 300
0 02 04 06 08 0
p/p° 250 | o
Fig. 2.26 Comparison of a number of standard isotherms of nitrogen at
77 K, plotted as n/n,, against p/p°. O, Shull;'?% x, Pierce;'2* [, de Boer et § §
al.;1°° @, Cranston and Inkley.'?’ 200 o B
Ref.) Adsorption, Academic Press (1999). ﬂ]lH‘H s ﬂ]lﬂ]‘H
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0 s—plot method

O = W
W(p/ p,=0.4)

slopg(sample W, ,(sample)  a(sample
slopg(standard) W, ,(standard) a(standard

slope(sample)

a(sample) = x a(standard)
slope(standard)
Adsorption isotherms a —plots
300
250 | °
§ 200 o § B
Il o || A
:H@ 150 OOO . :H'I@
EX 100 | sample B & . X
50 |
O ~ sample A fa=

0 0.2 04 06 08 1

A8 E 0/ o @
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Adsorption isotherms t- ora —plots
(8) ___ (8l _ -
Ci *//// Cii) ///’/
x S 7
l]]|HH| I]]|HH| : ,/ /,’ (a)
Y4
(@) (5)
FxtIEL/ By tora

Amount adsorbed, n

. ]
o2 04 06 08 2 4 6 8 10 12 14
p/p° t/R

»/p tor a,'

Ref.) Adsorption, Academic Press (1999).
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(@) - (8) rd
- 7 Py
< 3001 /o 300} I°/
a .—plots i & )i
E 200 O,o'° 200} of
- 1 /
VVO,tota/ / \7 = ¥L é mOgP’ 100} &
 ¥—__c—swing ?} 4
ﬂ]l%lﬂ'l (cooperative fl”lng) 0 oz 0-I4/ o!s ol-e 10 0 ofs |-:: 1!5 20
plp° ag
P AN 20 (o) (a)
] 1001 o il
"o 100 ‘.,O.ﬁ’ﬂ .,-':/
2 {ﬂ/ sol- ;;/
"t 80| ! b
< /
Zﬁiﬂiﬁ 3 ool oﬂ/o | 60} ’.'/
(x70%l) 3 fdd N
: 7
¥ 20 20 /
- s /
f-swing L e
: - 0 02 04 06 08 o 05 10 15 20
(micropore filling) oin® c

Fig.3.25 (a) Nitrogen adsorption isotherm and (b) a,-plot for mesoporous
silica gel*? F. The a,-plot is based on the x -data given in Table 2.14. (c)
Nitrogen adsorption isotherm and (d) a,-plot for chromium oxide gel B2
heated in air at 280°C for 27 h.”® The reference substance for the a,-plot
was a chromium oxide gel which had been heated at 880°C and aged.

Ref.) Adsorption, Academic Press (1999).
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A FLrALEk

BJH:'@': (Barrett—Joyner—Halenda)

CIi% (Cranston-Inkley)

DH;j% (Dollimore-Heal)
WIFhnEYS —BHFLIZ DUV TKelvinKITEDWVTEH,
NLEHEDEWL. RERBDEH t DETEIZKSENTHY.
FISEARAND2 nmUTOMAICTEDEITEE.

e r _
ét: K P l’p—l’K+t

Kelvinzt

T R I A v RE®RT
T RT - Vm: EILIKTE

Po

0.953

0

= nEARETBE. T, =



¥/ KYUSHU UNIVERSITY

o078

MP;&
tplotDIEENEHFH,

HK;3Z (Horvath-Kawazoe)
Lennard-JonesBE#ZF ALV TR O =Ry MRHFL A D F 1
RToovILWBER,

SF‘% (Saito—Foley)
EHRTUIvIILEBREED A —RAITHRE

S/ 0OFLREN~ A FL 5B

DFT (Density functional theory, % EE LS %K) i%

GCMC (Grand Canonical Monte Carlo) }%
R FEEE I AL —avIZlUBRA A ZROREFRIR
R THE. RBRT—IERBEFREBEOT 2y rEANT
249T40T LTEH,
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FAFL ( ch) EHZF( Vso//'a’) . %7&“'&%%
/ Wexp :Wad +Wbuo ﬁ@‘"—ﬁ
/ / N [7 J
smane (HOBRERIZSS)
S FHMRR
\ e e .
BAFL(V,) -ERAEELbvs TREHDIES
dW., d
/ \ (Slope): dP : - dP ex _pbulk(\/solid +ch)}
—— m
ERE p=g M
(BAZE) solid Pouik = RT
m MABADDF=
nTER ARV (AW, /AP BB TE BIEE INSL VB,
M
slope)= ———WV g + Vs
BANPHFEE - | P o Vi Ve,
solid cp y . p _ M 1
m LT ILEE "* 7 RT (slope)

Ref.) J. Phys. Chem., 98, 9594-9600 (1994).
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