21

211

21 [17]

(Activated carbon)

(Carbon molecular sieves 1CMS)
(Zeolites ) : (Synthesis)
(Natural)
(Silica gel)

(Activated alumina)

21
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2.2

2.2 (4]

- (Aluminosilicate)

Mx/n[(AI02XSI02y.zH
M | I

21
- yIX

04 aio4

34 [4]

Lo 4-9 A° 2.3 [4]

24 [4]

AlO4

2.2
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(a) secondary building units (b) polyhedral units [4]
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tiluilibnuin loaning. Le mol/kg
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i ? Pves:urea, bars " 16
@
24 (a)
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[4]
2.1.2
1
2.
1) (Perlite)
[18]
70

(rhyolitic

composition)
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3.7 1

[19

1 (Pumice)

(18]

[19]

(Aluminosilicate)

[5]
(Clay Minerals)

(Montmorillonites)

23

2.1) (Clay mineral group)

(hydrous
aluminous silicate)
(7]
(octahedron) 1

(tetrahedron) 2



2.3

[0

2.5

2.5

(% )
Si02

Al2 3

Fe 3

Tio2

CaO

MgO

Nad

«20

h20

LOI

72.63
14.73
131
0.05
1.58
0.27
2.04
5.15
0.49

1.80

66.86

15.23

137

0.17

117

0.91

1.09

4.47

197

6.32

(7]

[6]
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(talc) Mg3Si40 0)(0 )2

31

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.5

(serpentine) Mg3(Si20 5H(0H)8

(muscovite) KAIZAISI 10 (OH)2
(biotite) K(Mg,Fe)3(AISi 1(OH)2
(phogopite) KMg3AISi 1Y (OH)2

(lepidolite)  K(ld,Al)23AISi 1)(0,0H,F)2

(kaolinite) Al4 40 100FH)q
(disordered kaolinite) Al4 i40 .QOH)g
(dickite) Al4Si40 10OH)g
(halloysite) AIZSi20 50H>4.2H20

(allophane) AIZSi05.nH20

(' ontmorillonite) A”SigO"OH),,

(saponite) (Mg,ADESi,Al)8020.(OFI)4

(nontronite) Fe2(Al,Si)40 1(OFI)2Na03.4H20

(illite)  KXAI4SigJAIO2(OH)4

(chlorite) (Mg,Fe)3Si,Al)40 D.(OF)2(Mg,Fe)3(OH)6

(vermiculite) (OFN4Mg,Ca)xSgAlIX(Mg,Fe)6.0yFI20



22)

(colloid) ( 2 )
[7]
(plasticity)

(melting temperature)

1,000 - 1,600 °c (secondary minerals) [7]
2 [20]
1 (tetrahedron)
(
) 2.6
Si25
Si20 3(0H)2
2. (octahedral)
1 6
@ )
2.7
Fe3+ Mg2+ Al3+

AIAOH)6 Mg3(OH)6

14
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(a) Tetrahedral arrangement of Si and O
(b) Perspective sketch of tetrahedron linking
(c) Projection of tetrahedron on plane of sheet

(d) Top view of tetrahedron sheet

2.6 [20]
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. Al OR My

(@) Octahedral arrangement of Al or Mg with 0 or OH
(b) Perspective sketch of tetrahedron linking
(c) Projection of tetrahedron on plane of sheet

(d) Top view of tetrahedron sheet

2.7 [20]
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2.3)

t-0-t)

[20]

2.9

17

2.8

Al4 180 (OH)4

(Ca - montmonllomte : Ca05(Mg 1AI)3Si802OH)4.xH20

(Na -

tmorillonite

© Na05(MgAI3)Si80(OH)4.xH20

(base exchange)

(Mg 1ANg(Si 1A1)8020,(OH)4

Fe2(Al, 1)40 1(OH)2Na03(H20)4



o Oxygens ©  Hydroxyls © Aluminum, iron, magnesium

0 and « Silicon, occasionally aluminum

2.8 I [20]
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Octahedral
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Tetrahedral
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2.9 three layer mineral [21]
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2.2

(Adsorption)
(Adsorbate) (Adsorbent)
1 [17]
(heterogeneous fluid)

(homogeneous fluid)

2

(17]

1 (Physical Adsorption)

(van der Waals Forces)
(exothemic)
2. (Chemical Adsorption)
1

1 (adsorption equilibrium)
2. (adsorption rate)
221

") P) 21



Amount adsorbed

«0

q = f(P.T)

P 21

2.1
(a)
?
5 2.10
| 1
!
7/
8
| ] |
1.0 0 1.0 1.0
Relative pressure, P/P,
° / 1
- v vV >4
S
©
©
=
5 8
S
<
J |
0 1.0 0 1.0

Relative pressure, P/PO

2.10 [4]



D

(

(Henry *

AHab

Kh)

van't Hoff [4]

[17]
(a)
211 2.2
q = KhP
O
p
2.11
Kh
Law)
2.3
6\nK

(

a(lJt)

Kh)

)

r

)

22

2.2)

(2.3)
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2) | [17]

Q _ KIP 24
qs = 1+KIP
qs Ki (Langmuir * constant)
I 2.10
3) [17]
g = KFPn R (2.5)
Kp (Freundlich *  constant)
1
| 2.10 1

i 2.10



4)

BET [17]

Il 2.10

¢+ =@0-PIPs)+/( 2 (P PM -(/>/[>))

gs

Khet

0.05 < plps < 0.35

24

(£6)

BET
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2.12

CAHN 2000 1McBain Bark [22]

01

vacuum L

gas manifold /
]

=

P

SLo\

mercury
manometes

mercury

(
adsorbent burette

€

i
sk

S

2.12

2.13

[22]
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l

adsorptive

v

adsorbent bucket —t*'

N L
(a)
adsorptive e = vacuum
(fiag
o O Q Oio. =

0 L

S L/
(b)
213 T

(@ McBain spring adsorption ( ) adsorption microbalance [22]
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Bulk gas Film Adsorbent particles
Bulk Film diffusion A\ Pore diffusion
/) A r\-> 1 <J I \ P-J
transport
Gas Adsorbed
State State

ch

External surface

2.14

231 1 lY [17]

[6]

2.7
(1 A Q)
Rads = y
(mass transfer coefficient,k)
(Reynold number,Re) (Schmidt
number,Sc) Ro
Ranz Marshall [17] 2.8
kfyh'- 2.0 +0.65c13 Rell2 28)
Dm
Sc = /pDm
Re = 2RpG/(l
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(packed bed) Rp

(mass  transfer

coefficient) Wakao Funazki 2.9
kf =2.0+11Re6Sc1i3 2.9)
sc = fi/pDm
Re = 2RpG/l
(Reynold number) 3-10,000
232 [17]

(Molecular diffusion)

(Knudsen diffusion)

(average pore diameter) mean free
path 10
0.1

(Specific surface area)

2.10 [17]

(pore mass transfer coefficient,

kpoe ) 211 [17]
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Ras =k pon{cs-Ce) (2.12)

(mass transfer coefficient)
(effective rate of adsorption)
(rate of pore diffusion)

(overall mass transfer coefficient,ko)

2.12 [17]
radss =KO(Cb-cC €) (2.12)
2.4
[23]
1
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