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Statistical adsorption isotherms of gases on the non-porous and the porous adsorbents
and statistical heat capacity of metals

Kim, Daekyoum
Chem Eng. Depart., Hanyang University, Haengdang-dong 17, Sungdong-Ku, Seoul

A E

B AFgME EATH UHe A FF T2HES =34 H g3 FF

Aol A BET Heje &7 524 (Type IS YEeElNH, th-3A FFA M= e 1vel &

B Vo 3 548 Yt 3o FHAFAEL tgE AFAE] 3 A4S

Hl s, S&A9 v 3Wdy 3 FFANME pore size GA HAEsHA T3
- S

offl

I hystersis @49 HQ1® ¢ FAFHoE A3t o] AFE sl T xW FF
F4Ao 2 Yeidth o] 22 549 constant volume E-§& #Ho| o]&F AT &
S AN ole MEL oY 7HA FFE; FEEY energy level 50| i E A,

o W 12 rlo
o 2wk rx -

e F5Y9AEY YAE9 spin ZHHE, x-ray2] mechanism, line spectra of atoms
A sttt A 82 Fermi-Dirac statistics®} Bose-Einstein statistics”} AF-& 3Ft},
2E
ARA o2 W] T3 d(non-porous) F2A|ol] thste] 7HF Wol AEste FE T4
< BET 2ot} o] 212 1&79 sitedd] 3 2 24024 A7 daast 2 9HA] &
SO, B FHA F3H77F &olstar, oo th-gd whek HOE o] gl7] wiEe, Fu &
ofol| A 7} Wo] AREsttt. 15t 27 S 3709 siteEo]l EASHE EREAQI FEA)
Sol 3k o] AA3 Fedn, 43 data® 215 Y3k A BET[1] 2] BET7}
kinetically =3l =dl, ©]AL statistically 73+ AFES Hill[2] oty A7|A A3
staticst= Fermi-Dirac statistics®} Bose-Einstein statistics®|T}. $A}9] derivationS °F7F HZ
(for saturation pressure factor)3}il 27]2] sitesol] 3k AS sl 3k §2 24
A2
%L-I—@(l—cslx) ll(li_L;ML)—Mlﬁ(l—cslx)
{ 1 M 1 P
(1 — cyx) M,6(1— cyx) 1—cgx 1
T 37) group &3 siteEol g FERE2H A
(11++A§11111‘1242) — 1~ cen)d fl(%ijfl‘?:fg@ —UmcenMb )
{ (1—cgx)0 i (1—cgx)M,0 ) @
A0+ M, + M)

1+f1+f2 _(]._C.QX)MZQ }MZX{ CoX }1+M1+M2

“ (1— cox)My0 1— cox
A AEAAM g7 w(=p/pyol E 2709} 3709 site E0lA FF T2AES YERH,

Il
=
w

of 9 OIEH E& MsZ A2z 20028

Jon

F 12
=)

Jon



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3254

U™ 2= parameter

s 2 nonlinear ©]7] W&ol computerE A}-&3}e]okqt A
Y data®} 9HH E 5 2]

(No. of monolayer sites) ey erimentas | & 0f adsorbent
= (No. of monolayer sites) yeoretical eq 3

o No. of adsorbedmolecules exp erimentally | g adsorbent

No. of theoretically adsorbed molecules

_ N XD evimentall rbed molecule. rbe
0

AAT D, @ %G 2 =7 :
G4 F2AC N FRAS LA 2 AFAEMS] ©] oJRHoR fEAAT 1
= o] 9lo} E T} Fermi-Dirac statistics THS
g

{ _ n—21_ ( _2) n
o y——(1=2 (1—2) n=2.3, -+ (@

B — .,
: (Bat 5 + 22"

2719 group?] siteEE © UFA

5
Sy oz EYA FAlA deH, fo U= 4 I G
2= z(pressure)oll THate] lineardt 2ojtk. g <1 We FH VY F252Ao] Ha,
Ba=1 e FE Vo oA FFF24Ho] "k o] vg3Ad FEA Wi W FF

= [e]
T2 A

z—2z2" n
]\/’1 B 1— +gz

mBy Bat

“— n=2,3,4,+ - - ®)
Z—Lz—l + gz”
ol At} 2 = =& [6]° U= 4 (33)F 2T

A F7FA] constant volume®| A metalE 2] heat capacityS YEI = 212 Einstein?] 2}
Debye2l 50| A=t I FoA FA7F Fo] AFREOA goh. 259 A& 43 datas
I ZAPH o2 =t AF I heat capacity’} LE2XA] &9 gt AL FE FF
gle A o HYgE A3E - LA EPdPo. B Ao A= constant volume®] A metal
o] heat capacitys ET THH AAE JHHE A 5= TR 117 Ed,
directly 5459 constant volume heat capacity®l]l A& A= & Y& AAEFH AZA| 74,
metalol] A= AL S energy levelol] £3F set(an electron+its proton+its neutron)E 2] heat
capacity 2]

3R(5—L1__ . + gz")

Cp= e n=2,3,4,+ + - (6)
Bel+( 1_2 +gz )
O Y5 22 energy levelol| 41 9] heat capacity 2]

EEE

Jon

9 OIEH E& MsZ A2z 20028



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3255

Cr=3R( 512" ) n=2.3.4, « - - 7

+Zn - ﬁel+zn

3 W2 energy leveloll 49| heat capacity 2}

2
2y~ R R _ L.
Cp=3R( Stz ) n=13,4, ®)
ol Ett. 9 A& (6), MF (8)NA
Z,= gfzﬁ + gz" (8)-a
B =y exp{ (D= Do) T} (®)-b
g=exp{q/(mkpT)} (8)-c
Z:%(Csl:Nm/(anls/m_an)) (8)_d
xz% (8)-¢

A AolA 2 energy level®] FolH, w3 WS =2 YA leveld A w2
energy levelol]l 43+ 3t electron(set)] vibrational functions ©]™, Dy% D& =S of

Al level?t A Y 2 energy leveldll &3 3 electron(set)®] excitation energy=°©|™, f,T

-4

Boltzmann constant®]™, 7.& AY & energy level® saturation excitation temperature©]
H, s AY =2 dYA leveldl U+ sete] spin reverse?] subtraction energy©]™, s
degeneration number ©] <Fo|w, o & b set®] saturation excitation temperature factor ©]
}.
ol A levelE°l WE setE2] excitation isothermS- Fig. 19 YEFWTE ZA| 3§+ metal

9] heat capacityS TSF=Hl A, 9] energy levelE 2] heat capacity 2E2 T3l =
H R et AEA A Z "9b= heat capacity 22 geometric means F 3= Aot
meEtd A5 (03 (HEFH

Cu=V C,Cy ©)
2= (6), NI B)SEHF

Cp="VCnCpCyp (10)

9ok 2 AEE AMEEIA AE datasd Wl & o b3 2 AEE

hq

tlo dlo

A
=
(e
)

s

25 (DY 2= ¥ g3 FZA F24d gastEe & 52459 43 data £
z ULOUr ol Z == ekt BE FHAE 27 o9 siteEE o]Fo] Hum & 4 9
ot} o] 271 o]’e] siteE 9l :rL'E‘% FAg oull=x & & 4 oY heat capacityE ?i?‘
3l Zo o]FE % FHoly I vreo FHAAES FASIL e atomE2 4719 oy A level



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3256

& A 2o v ®2E4s GAGESH AR 72 5 len BETOl oete] -8 gt

A (e v FFA F2E gassEe 57 eAEY AF datast FEAHoE #
2= A4S Bl 28y pore radii( p= yo)E data fitting 3t Sl obF HA +& 5 U
=

pow, v WyoeR Fgk Z v ks YERITE I hysterisis @42 224 7] AR
ot Fast Al ¢ e As 75 & F }\/\}\}\I:]’ T2 ST(pe Wes of| 712 9n]
7} ¥ AL computer AAFO R data fittingS dted =24 & At

3.2 (9O 2 2L A (100 ¥& 2% A metalE9 heat capacity(at constant
volume)®l| ]——r ZF ‘:‘L’J‘ﬂr(standard error7F 2%°U]). 9714 v 2 ARAS Ao, ®

a. 75 JX}CA orbltal electron(set) S 471¢] energy levelEE o] Fo|x] Jom I coreZ

F2 o]F1 9= free neutron 0] ]—ri 9= 18t ZL energy levelo] txﬂﬁé Eigig=

4709 o9 A leveld electron® proton(+neutron)® spin arrangementi <<, <=, 3}

—»=2 TAEYGE AS 5 & Aok 9714 2 electrons <2 proton(+neutron)<S YE

W,

b. model molecule® gLi(lithium)ﬂr a9 F9¥€A %Li 9] nuclear magnetic moment® =}

0] o] uwlz} 4709l energy levelo] W3}e] electron® proton(+ neutron)&2] spin arrangements
< YEkd = AATHFig. 2).

c. Boltzmann constant( z,)= metal =] & energy level®| specific heato]2t= A& 4| %

o= ud 2= 9 9r}

energy levelo] 4712t= & YE = & 292 atomic cross section( g,,~ consl‘(%) =

y2be B4 YEFY ™, solar spectrumS- statistical simulationS- 3}9] data fittingES 3} = o
B &Fell A= hydrogen® helium®] 4&/ 9] atom=°] EAThE AS FF5 YERH,

gelge] Lude) 2Eg Foluthe AL HFAAMNE 4359 serFol $2 F ool

EAg A A2, xraye] mechanismE B8 4 Q)
oy, 1 2ox NMRY noises©o] Attt =AsH

o™, atom 9] line spectra El g1l
W82 reference[7]9] AT

*

o

T (OF @ Ex FolA wiRdh

Fa1
. Stephen Brunauer, P. H. Emmett and Edward Teller, J. Am. Chem. soc, Vol. 60, 309(1938)

Terrell. L. Hill, J. Chem. Phys. Vol. 14, 263(1946)

Daekyoum Kim, Korean J. Chem. Eng., 17(2), 156(2000)

. Stephen Brunauer, Lola S. Deming, W. Edwards Deming and Edward Teller, J. Am. Chem
Soc., Vol. 62, 1723(1940)

Terrell. L. Hill, J. Chem. Phys. Vol. 14, 268(1946)

Daekyoum Kim, Korean J. Chem. Eng., 17(5), 600(2000)

7. Daekyoum Kim, Korean J. Phys. (AA}F%)

Al
o

-PPJ!\)F—‘Elt

AN

osE sl OIEH E& HEZ M2z 2002



