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KYUSHU UNIVERSITY van der Waals jj

v'London7 & /1 C, C, C,
FENET-HeET cm  P=-F -
SFAEEF-FREET (C,H) .
FEREIEF-FREEF (C,1H) N PO,DIBE- C1R, OAD

~ FHEHR(F13~20%,. 1~2%
v/ 7K A BB -5 BB F
v B TP F
v 1@ _EEJ%i FC Y *@% TN

et

{{ @ | ®vom \L;j—»
s Vg le—1.044 A —>
\ _/ 4 \-...-/

EFEEBFDETIL N, 53 F D
2 H“E*T'TLJ:%&}FE (FHETIET) BFETIL

Ref) IEDEZE, AE (1991). Ref) RMEIZHTBHIFRKI
) i FE (1994).

PO4BFTE— A~ (x10726 esu)
N,: -4.9, 0,: -1.33, CO,: —14.9

1) BEFOEFAtIEEIC L8 HEH ROV 5E800) e

+0.373e

Ref.) Wikipedia



Interaction energy (cm'1)

Ul(r)

BFU v ILTRILE -

100

Lennard—-Jonesik T4 )L

LJ 12-6 potential

Ref.) IR7E D, HE (1991).

w
o

Empirical
Lennard-Jones -

4.0

5.0

R (A
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7.0 8.0

Ref.) Wikipedia

oz, @)= 4e.,[( 12—( 1)°]

FFjJIE %IjJIE

(Londonm*8% A1)
£ ./k(K) o . (nm)
He 10.41 0.2602
Ar 141.6 0.3350
N, 1042 0.3632
o, 126.3 0.3382
co, 2453 0.3762
CH, 161.3 0.3721

| orentz—Berthelot#5 & H|
o. + 0.
o. =—n_ " =(&&; )1/2

1]

2


http://upload.wikimedia.org/wikipedia/commons/9/93/Argon_dimer_potential_and_Lennard-Jones.png
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(pfs(ri ) — 4£fs [( r =

)" —(=2)°]

F\F\/Z\F\F\/\F\F\ \
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S

<«

For carbon,
€ /k=283K
O . =034 nm

® T FEREURIRF LDLINTGA—F— 200
100 f CH4_CH4

¢fs = Z(pfs(ri ) N 0
{ -200 |-
2 3 2,0, ,0,.3, N 300
q)fs (Z) — gn-po-fs st [E( > ) _( : ) ] \,e_/ -400 |
[ [ =00l CH,—graphite
P IE{ZFJE%O);&%}E _6000 O:2 Oi4 Oi6 0i8 1

z/nm
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Mobile adsorption on a uniform surface

Localized adsorption on a uniform surface

9,
© ©
®© © O ]"
© ©

d ?
® @
® © |
©
® @
Mixed mobile and localized adsorption on
a heterogeneous surface N

Ref.) Adsorption, Academic Press (1999).
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Ref) REIFF AR, ALFE (1994).



¥, KYUSHU UNIVERSITY ttFREEAZEAST (2
LERERG VTV gE=YDORER): 2

a=6L"°
voliol
yo,
6
a="b g & a=—
L o B od

» BAXDBINSKGNIEEBIEFEE HEREEIEKRELGS,

0 :2g/cm3 yA®) L(OFC»:-IIJ m7:;15~323m2/g
P =2g/cm*MD L(or d) =10 nm7ii5, a= 300 m?/g

Bt B
it

Xy

> MADRZEICEY, AREBRHAKRELS,

12



g\\f//g KYUSHU UNIVERSITY ;'f;ﬂ] ?L |7§| ) [&% *H _'ELﬂ; }Eﬁ 13

200 l
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o 200 | — o

X — 1.3
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CH,
~1000
z/nm

Steele’ s 10-4-3 potential

e %] %]
D(2)yo. = P(2) + (H-2)

H=w+2z,- 0 g
w= H-0.24 (nm) for N,—graphite system
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AN ZFE M@ (internal surface)

BHFL (open pore) BAFl. (closed pore)
\ /

7 solid
N

4} R M (external surface)

) F—RHFL Ay B AL
SO
=40+, (micropore) <2nm
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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N, inlet
Sample
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— 4 N, outlet
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W= f(p, T solid, gas)

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

I 75 25 £ #& (adsorption isobar): w=7(T,e
I 75 5 = #3 (adsorption isostere): p=f(Dyoe
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Relative pressure p/p°
Ref.) Adsorption, Academic Press (1999).
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Ref.) Adsorption, Academic Press (1999).

270AKRT7I4')>% (micropore filling)

SHART 1) +H B FtE(cooperative filling)

25 FRIE

EREDR) yFRBA LT — MR FRERANDRTE

MAIZH TR EE

(B —FERARHFOREFCERE~DRE)

AHAIZHIT S EE KRS

(HFH A XHBFRVTHARICO TN HERANDRIE)



¥, KYUSHU UNIVERSITY [&%ﬂg *ﬁ' Et@

1. Henry’ s law

W= ka
2. Freundlich eql/ virial B S W
W = kp¥'" IR KW kW
3. Langmuir egq. 03 4 “ L'L'J(F)
BErFRRE B R v, R /Q
W = abp Va:kap(Ns_Na) 7
1+ap Cad
k, k; fgiﬁ 2
Ns: RIREY A%
_, p_1 P oo BRI AHOR
a=k/k,= WiETEER WEHEER ) ( b
b= N, = faFIIREE | T

P/ Py



§\/Z KYUSHU UNIVERSITY W%ﬂ’q’:*ﬁ Et@

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

5
2B B U DO RERILEREEAEFLL
DS FREMEEFRIEEND

v, .Cp
(Po = P)L+(C ~D)(P/Po)}

: 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) 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. O
57 ARE oS o 0008
v, = / 7
il St -2 B LI QR ESRILRmEREZ L
_ C=i§+1 / QD FREBEEREAEN
2o // | W = Vme
il /// o (Po = P)L+(C~D)(P/P,)}
//// e p<py M EE . Langmuir eq.&75 D
oo 1oa CIEMABEIERERB (0
p _C-1p p 1 C-1p

W(p,—p) V,C Py W (p, — p) vC vC P,
v WP g fEEs
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Ltk mE Ea (m?/g)
q V.a.,L
M

< 10—20

s

v, B FREREE (¢/8)

Q' a: HFEHEERE (A2
A L:  Avogadro#
Emmett and Brunauer®a & H M [&%E@ﬁj\%ﬁ (g/mol)
a =1.00—1 )23 (, EemYSTP)/ g TR L&
p.L I

o . BIERECSTIREEDRAEE 22414



HADEE EECC) BEFMASR (mmHg) 2 FETEE(A?)
N, -196 (RAEREE) 760 16.2
-183(RIETIILTVRE) 250 17.0
Ar -183(ERIAETILTVRE) 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 LTV RE) 82 16.0
H,0 25 24 10.8
n-C,H, |0 810 32.1

Ref.) http://www.yuasa—ionics.co jp/powder/term_powder/sokutei_genri.html
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5. Polanyi® R ERT v )L %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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(standard isotherm)

A E ]
~ T
ﬂﬁb 3 Hggo
k| o
V) X 0y
\_[Iﬂll 2l n::.
ﬁi‘l‘l@ gigl
%'g gl
—" 1+
1 I 1 1 1 1 1 1 j — |
0 02 04 06 08 10
p/p°

Fig. 2.26 Comparison of a number of standard isotherms of nitrogen at
77 K, plotted as n/n,, against p/p°. O, Shull;!25 x, Pierce;!?* 0, de Boer et
al.;1°° @, Cranston and Inkley.'?’

Ref.) Adsorption, Academic Press (1999).
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* t—plot method

(W ERFEoES
IRY; (N,: 0.354 nm)

m

— slope = v /O

tlbxkmEiEa=a v L

.a=a,0 LX(slope)

Adsorption isotherms t-plots
300
250 | °
S
200 o
I .| m| B A
S o HE
sample B " | &
50
O sample A fa=
0

0.2 0.4 0.6 0.8 1

*H %”:T:,U/ Po
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0 s—plot method

B 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
Hm 150 o, :H@
X 100l Sample B & | I
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)
Cii),” e
/ ,’( 1 }

= = : I/ /’ (A)

ﬂ]lﬂ]ﬂ ﬂ]lH}H ’I /’

(5)
FxtIEL/ By tora
/0%

(8)

(B)

3
b ]
Amount adsorbed, n

RN 5 (6)
(a) 7 (a)
(a) ¢ B 4 7
&/
/:’/
| 74 .
° p/p° 10 tora,

Ref.) Adsorption, Academic Press (1999).
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(a) /.70'“ () /o/
Tj_E 300(- /o g 300} I°/
a .—plots i & )i
g 200} Y olo'° | 200 '3:
- 8 j’{
VVO,tota/ / \7 = ¥L é mng‘ 100}~ 5
 ¥—__c—swing ! 4
ﬂ]l%lﬂ'l (cooperative fl”lng) oY o-lz o-|4/ o!s ol-e 10 o of5 1-:: I-Is 20
plp° ag
P AN 201 (o) (a)
—~ o 1001 o -—*
ot %
;1; sol I;IO 80~ f:’l
THERE j. 2 of f
2 | | &
(77':?[..) _‘2 40-(&’40 a0l ./
g /
< 20 20 ,/
/
f-swing ° o o
: - o o2 04 06 08 o 05 10 15 20
(micropore filling) olo® s

Fig.3.25 (a) Nitrogen adsorption isotherm and (b) a,-plot for mesoporous
silica gel*? F. The a,-plot is based on the a,-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 LB

BJH:'@': (Barrett—Joyner—Halenda)

CIi% (Cranston-Inkley)

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

g 'y —
ét! K P l’p—l’K+t

Kelvinzt

n D __2vai v :i’%ﬁ%ﬁﬂi
= ~T r Vm: EILIRTE

Po

0.953

0

e = r&EREIT eI, =
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tplotDIEENEHFH,

HK3Z (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, 8 B RBE %) ;%

GCMC (Grand Canonical Monte Carlo) }%
B FLIEIIaL—avciUBRAGHARORES R
EBTHE. ERT—AERBESEEEOT—2EyrEANT
24974 LTEE,




W xyusuu universry. - BHFL D RIEH Y (sEAys Lz hzmeaEs)

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).



¥, KYUSHU UNIVERSITY SETE D F| A5
AYIAY Y=Y 2 N3 30 o1 R R (ACF) D iR L ik

BHIRS
OOO
OOO
°O
o ©)

(BB AV FEMOARFAMNFE, 22/ OMME)

TAHRE
AAREE, BRRE. BEREHAFIOHERIN. BEHR(RAH X,
BHIFEAR, RIGHR) ROFERT D7 A7EE

1o

http://www.kobayashi.co.jp/seihin/kmk/  http://www.pipecollectionjp.com/tune.html  http://www.koken-Itd.co.jp/boudokumask.htm



§\m//4 KYUSHU UNIVERSITY 5—5 'IE ,';Q ). *IJ : ﬁl]
AGF7I/7<LJ:%>7J'/#4I~7Q LR ER

EiH% MENHRSEERT E8438 KWK
| (TR

ADTEMPQ
/OR}

8 u( 5 ng NETVIORK!
Sty ﬂf;..ﬂ——-‘_:—ﬂ -




sa [E R D F| B

-
. |V 6 ‘/'7‘/5%**2%‘ L)y =N
FyF VRS VFLAKE FEVY -

SO SENEL. LY H—THK - ILKTE B+ vF KT,

http://mww.biz-lixil.com/products/waterfaucet/kitchen/allinone/

http://mww.yunic-vet.jp/item/detail.aspx?id=3529
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