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2.2.4 Feedback [20]

Feedback Figure 9a,b

273.15 - 473.15 K

(SUS316) 273.15 - 773.15 K 0.03 K

(SUS316) 0.1 K 308.25 K

0.05 K 1000 Torr 0.1 Torr

1 - 50 CCM(ml / min.) 0.1 %(15-35 °C)

2.2.5 feedback [20]

feedback

feedback

2.2.5.1

feedback Figure 7 feedback
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turn 1

Step 1;
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Figure 7: Feedback .
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24



Δ f = f intro − f out = 0 (23)
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(a) Feedback .

(b) Feedback

Figure 9: Feedback
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2.2.6 X

X Rigaku X Ultima 4

(Cu Kα 8.048 keV) 0.02 ◦ / min. 5 60 ◦

2.2.7 (Solid state NMR)

ZSM-5 29Si MAS NMR JNM-EX400

79.424 MHz 8.0 s

4096 MAS 6000Hz

2.2.8

Antoine

log10 P = A − B
T +C

(29)

A, B, C National Institute of Standards and Technology(NIST)

NIST Chemistry Webbook Table 1
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Table 1: Antoine equation parameter.

Temperature (K) A B C Reference

379. - 573. 3.55959 643.748 -198.043 Liu and Lind-
say, 1970

273. - 303. 5.40221 1838.675 -31.737 Bridgeman and
Aldrich, 1964

304. - 333. 5.20389 1733.926 -39.485 Bridgeman and
Aldrich, 1964

334. - 363. 5.0768 1659.793 -45.854 Bridgeman and
Aldrich, 1964

344. - 373. 5.08354 1663.125 -45.622 Bridgeman and
Aldrich, 1964

293. - 343. 6.20963 2354.731 7.559 Gubkov, Fer-
mor, et al.,
1964

255.8 - 373. 4.6543 1435.264 -64.848 Stull, 1947
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2.3

2.3.1 X

Na-ZSM-5 H-ZSM-5 X Figure 10 Inter-

national Zeolite Association (IZA) ZSM-5( )

Na H IZA

IZA ZSM-5

Figure 11 ZSM-5
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Å 140 pm

5 Å - 5.5 Å
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Figure 11: ZSM-5 . Green surface; SiO4 yellow ball; Si pruple ball; .
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2.3.2 NMR

Na-ZSM-5 29Si NMR Figure 12

Al 5 Si 29Si

δ Si(4Al) -91.46ppm Si(3Al) -91.46ppm Si(2Al) -100.75ppm Si(1Al) -105.41ppm

Si(0Al) -112.75ppm (TMS)

gaussian lorenzian 1 1 Si

Table 2, 3 [Si(iAl)](i = 0, 1, 2, 3, 4) Si Al IZA

structure data base ZSM-5 Na+n (H2O)16 [Aln Si96−n O192], n < 27

Figure 12 Table 2 3 Si 90% [Si(0Al)]

[Si(1Al)], [Si(2Al)] 10% 3%
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Table 2: -1.

Si/Al [Si] [Al] [Si + Al]

25.24 92.34 3.66 96

Table 3: -2.

Si(4Al) / % Si(3Al) / % Si(2Al) / % Si(1Al) / % Si(0Al) / %

0 0 2.91 10.3 87.06

−180−160−140−120−100−80−60−40−20
[ppm]

Ex. data
[Si(4Al)]
[Si(3Al)]
[Si(2Al)]
[Si(1Al)]
[Si(0Al)]

Fitting curve
Residual error

Figure 12: Na-ZSM-5 29SiNMR .
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2.3.3 Na-ZSM-5

77 K Na-ZSM-5(Si / Al = 25) Figure 13

(V [ml / g]) n [mg / g]

IUPAC I

ZSM-5

Na-ZSM-5

BET DR

Table 4

Na-ZSM-5
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Table 4: Na-ZSM .

Micropore volume / ml g−1 Specific surface area / m2 g−1

0.14 434
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2.3.4 Na-ZSM-5

( )

Figure 14

40 °C 30 °C

28.44 Torr

30 °C

P0 28.44 Torr

Figure 15 Na 303 K Ads.

Des. Na-ZSM-5 IUPAC IV

0.2

Na+

D. H. Olson Na+

[25] ≡

Si - O - Al ≡ AlO4 3

≡ Si - O - Al ≡

0.2 ZSM-5

ZSM-5 ≡ Si - O - Al ≡ ≡ Si - O - Si ≡

ZSM-5 Si / Al = 25 Si ≡ Si - O - Si ≡

≡ Si - O - Si ≡ ( )
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- X

Reverse Monte Calro Simulation

[15] ZSM-5

0.2

0.3 0.4

2 50 nm

ZSM-5

ZSM-5
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2.3.5 H-ZSM-5

Figure 16 303 K H-ZSM-5

Na-ZSM-5

Na-ZSM-5 H-ZSM-5 IUPAC IV

H-ZSM-5

Na+ H-ZSM-5

OH

H-ZSM-5

H-ZSM-5

Figure 17

0.5 molec. / u.c.

5%

Figure 15 Na-ZSM-5

Faujasite(FAU)

[26] Alain

FAU ≡ Si - O - Si ≡ (D6R;

)

Figure 11b ZSM-5

4.8 Å 2 Å

H

Na - Na+ H
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OH - H Na

Figure 17
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2.3.6

Figure 18 Na H H Na

H Na H

0.9

Na H

Figure 19

0.3 0

[25] Na-ZSM-5 3.5 molec. / site H-ZSM-5 2.6-2.7 molec. / site Na
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2.3.7

Figure 20 Na H H

0.25-0.4 Na H

Na H Figure 21

Na H

Na+
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2.3.8 Na H

Figure 22

303 K 10.5 Torr

290 K

750 K 303

K Na H Figure 23

Figure 24

Na H

( )

Figure 41

Figure 25 400 Torr A20-

10.5 Torr -ZSM-5 1

fractional fillings

ZSM-5
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-ZSM-5

H Na

Figure 24 Na

H Na+

OH
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2.3.9

Figure 26 Na H

Na 350-600 K

Na

Figure 27 Na H

Na H Na+

H
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2.3.10 ZSM-5

Kelvin

Kelvin

ln(P/P0) = −2Vmγ/RTρ (30)

P P0 γ ρ Vm

Kelvin

ln(P/P0) = −(2Vmγ/rRT ) cos θ (31)

θ Figure 28 (a) ρ r/ cos θ

-1

Figure 28 (I) (V)

(I)

(II) (III)

(II) (III)

ρ = 2r1

r1 (III) Kelvin

ln(P/P0) = −Vmγ/RTr1 (32)
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K = Vmγ/RT (33)

P/P0 = exp[−K/r1] (34)

(IV)

(IV) (V)

Kelvin

X

[15]

X

[28]

1.2.1
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Clausius-Crapeyron

μad = μgas (35)

−
(
∂Ḡ
∂T

)ad

P
dT +

(
∂Ḡ
∂P

)ad

T
dP = −

(
∂Ḡ
∂T

)gas

P
dT +

(
∂Ḡ
∂P

)gas

T
dP (36)

(
∂Ḡ
∂T

)
P
= S̄ (37)

(
∂Ḡ
∂P

)
T
= V̄ (38)

−S̄ addT + V̄addP = −S̄ gasdT + V̄gasdP (39)

dP
dT

= − S̄ ad − S̄ gas

V̄ad − V̄gas (40)

ΔadH̄ = T (S̄ ad − S̄ gas) (41)

dP
dT

= − ΔadH̄
T (V̄ad − V̄gas)

(42)

G T P S̄ V̄ ΔadH̄

ad gas

Figure 29 ZSM-5

ZSM-5 Zigzag Channel Straight Channel

(I)

(II)
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(III)

(IV)

(IV)

(III) (IV) (

)

(III)

(IV)

μad = μgas = μdes (43)

−S̄ addT + V̄addP = −S̄ gasdT + V̄gasdP = −S̄ desdT + V̄desdP (44)

(II)
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ZSM-5
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(a) . (b) . (c) .

(d) . (e) . (f)

Figure 28: .
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(a) . (b) .

(c) . (d) .

(e) .

Figure 29: ZSM-5 ; ; .
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3
Kinetics of Cluster-mediated Filling of Water Molecules into

Carbon Micropores

3.1

P/P0 < 0.4

[30][48]

[30][16][33][34][15]

Dubinin Serpinsky

[35] X Reverse

Monte Carlo (RMC)

[33][34][15] Gubbins grand canonical Monte Carlo

60



(GCMC)

[16]

linear driving force model(LDF)

[48][36]-[43]

[44] stretched exponential (SE) double exponential

(DE) [48] Thomas

[48]

D. D.

Do [30]

Bhatia molecular dynamics

(MD)

[45]
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feedback (pressure feedback method; PFM)

feedback

X
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3.2

3.2.1

((002) )

(edge)

[46] Figure 30 Rodriguez-Reinoso

1998 [47]

Ad‘all A7, A10, A20

Figure 30: .[47]
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3.2.2

(TG) 393.15 K

393.15 0.2 K (R.P.) (D.P.) P < 10−5 Torr

3

3.2.3

3.2.3.1

( Q Milli-Q labo )

R.P.

3.2.3.2

(G1 grade, 99.99995 %, )

3.2.4 Feedback

Feedback Figure 9a,b

0.03 K
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308.25 K 0.05 K

100 Torr 0.001 Torr 1 - 50 CCM(CCM

cc / min. SI 1
60 ml / s ) 0.1 %(15-35 °C)

3.2.5 Feedback

Feedback 2.2.5.1 2.2.5.2 2.2.5.3
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28 ti nad
j,ti

nad
j,t ji
=

∫ t ji

0
Δ f j,t ji dt �

i∑
k=1
Δ f j,t jkΔt jk (45)

t ji

Figure 31
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Me t Mt

Mt/Me

Me

Figure 32

Figure 32a Feedback

30 j(i − 1) ji

f int f out Figure 32b f int f out

(
dn
dt

)sys

i

(
dn
dt

)sys

i
=

P0T0Madsorptive

R(T0 + 25)Wadsorbent ( f int
i − f out

i ) (46)

Madsorptive Wadsorbent

Figure 32c
(

dn
dt

)Press

i

(
dn
dt

)Press

i
=

Pi − Pi−1

ti − ti−1
Vsys (47)

30

(
dn
dt

)Press

i
≈ 0 (48)

(
dn
dt

)sys

i
≈

(
dn
dt

)ad

i
≈ rad (49)
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Figure 32. , a;
, b; , c; .

Feedback

(
dn
dt

)sys

i
= 0

Feedback
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3.2.6.1 - Double Stretched Exponential(DSE) model

Me t Mt DSE

[48]

Mt

Me
= A{1 − exp[−(k1t)β1 ]} + (1 − A){1 − exp[−(k2t)β2 ]} (50)

dMt

dt
= AMekβ1

1 β1tβ1−1 exp[−(k1t)β1 ] + (1 − A)Mekβ2
2 β2tβ2−1 exp[−(k2t)β2 ] (51)

(k1, k2)

A, (1 − A) β1, β2

3.2.6.2 - Double Exponential(DE) model

DE DSE β1 = β2 = 1

[48][49][50]

Mt

Me
= A{1 − exp[−(k1t)]} + (1 − A){1 − exp[−(k2t)]} (52)

dMt

dt
= AMek1 exp[−(k1t)] + (1 − A)Mek2 exp[−(k2t)] (53)
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3.2.6.3 - Stretched Exponential(SE) model

SE 77 K

[44] β = 0.5

β = 1

[48]

Mt

Me
= 1 − exp[−(kt)β1 ] (54)

dMt

dt
= Mekββtβ−1 exp[−(kt)β] (55)

3.2.6.4 - Linear Driving Force(LDF) model

LDF

[36][37][38]-[43]

Mt

Me
= 1 − exp[−kt] (56)

dMt

dt
= Mek exp[−(kt)] (57)
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3.2.6.5

- -

LDF

Figure 33 A20 A20 ( d ≤2 nm)

(2 ≤ d < 50 nm) X

[15] Gubbins

(GCMC)

[51] Do

[30]

-
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1.

2. ( )

3.

1.

2.

3. (

)

1-3

1-3

DE

SE

SE DE

Microsoft Excel 2010 (GRG )
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3.3

3.3.1

A7, A10, A20 Figure 34

A7, A10, A20 IUPAC I I

ZSM-5/ ( )

A20 0.01

0.4

( w < 0.7 nm) 3

( 0.7 nm < w < 2 nm )

αs [52] (αtotal / m2 g−1), (αpore / m2

g−1) (αexternal / m2 g−1) (Vαs / cm3 g−1) (w / nm)

DR (VDR)

w = 2
Vαs

apore
(58)

αs

#51

Figure 35

#51 IUPAC II

A7, A10, A20 αs plot Figure 36 - 38

A7 αs < 0.5 F (’Filling

swing’)

A7

A10 αs < 0.6 F A7

A20 A7 A10 αs < 0.5
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F 0.6 < αs C (’Condensation Swing’)

C

Table 5 αs DR

A7, A10, A20

αs DR

A7 A10

(Pore Size Distribution; PSD)

PSD Horvath Kawazoe (HK ) Figure 39

PSD A7 A10 w < 1

nm A20 1 < w <2 nm

A7, A10 PSD
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Figure 38: A20 αs plot.

Table 5: αs DR .

ACF atotal / m2 g−1 apore / m2 g−1 aexternal / m2 g−1 vαs / cm3 g−1 w̄ / nm vDR / cm3 g−1

A7 1020 1006 14 0.28 0.57 0.28
A10 1210 1190 20 0.43 0.72 0.41
A20 1770 1750 20 0.90 1.03 0.63
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3.3.2

Figure 40 25 °C feedback A7, A10, A20

A7 A10 0.3

A20 0.55

A7, A10, A20 IUPAC V

X

[15]

D. D. Do

[30]

A7 A10 0.3 A20 0.6

A7, A10, A20 A20

A7, A10 A20 0.6
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A20

0.5-0.65

0.55
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3.3.3

Figure 41 15 Torr A20-

( ) 32 25 oC

25-21 oC ( )

18 26 oC 26 27 oC

μad
n = μ

gas(P) (59)

μad
n n μgas(P) P

μ(P)

μ(P∗)(P∗ )

P

μ(P) = μ(P∗) + RT ln
(

P
P∗

)
(60)

T μ(P∗,T )

μwater(T )

μ(P∗,T ) = μwater(T ) (61)
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Figure

42 300 K 305 K

Figure 2 300 K 15 Torr 1 305 K

15 Torr

μ(P = 15 Torr, T = 300 K) = μwater(300) + R 300 ln
(

15
P∗T=300

)
(62)

(63)

μ(P = 15 Torr, T = 305 K) = μwater(305) + R 305 ln
(

15
P∗T=305

)
(64)

(63) - (64)

μ(P = 15 Torr,T = 305 K) − μ(P = 15 Torr,T = 300 K) = μwater(305) − μwater(300)

+R[305 ln
(

15
P∗T=305

)
− 300 ln

(
15

P∗T=300

)
] (65)

μ(P = 15 Torr,T = 305 K) − μ(P = 15 Torr,T = 300 K) = μwater(305) − μwater(300)

+R ln
[(

15
P∗T=305

)5(P∗T=300
P∗T=305

)300]
(66)

μwater(305) − μwater(300) < 0 (67)

ln
[(

15
P∗T=305

)5(P∗T=300
P∗T=305

)300]
< 0 (68)

(69)

μ(P = 15 Torr,T = 305 K) − μ(P = 15 Torr, T = 300 K) < 0 (70)
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3.3.4

NIST Table 6, 7 Shomate equation

S ◦(T ) [J/(mol K)], H◦(T )−H◦298.15 [kJ / mol] Shomate equation

S ◦, H◦ − H◦(298.15)

S ◦(T ) = A ln(t) +
1
2

Bt2 +
1
3

Ct3 − E
2t2 +G (71)

H◦(T ) − H◦(298.15) = At +
1
2

Bt2 +
1
3

Ct3 +
1
4

Dt4 − E
t
+ F − H (72)

t T (K)/1000

G(T ) − H◦(298.15) = H◦(T ) − H◦(298.15) − TS ◦(T ) = μ(T ) − H◦(298.15) (73)

Shomate equation T = 298.15

G(P/P0(T ),T ) − H◦(298.15)

G(P/P0(298.15), 298.15) − H◦(298.15) = G(273.15 + 25) − H◦(298.15) (74)

+ R (273.15 + 25) ln(P/P0(273.15 + 25))

G(15/P0(T ),T ) − H◦(298.15) = G(T ) − H◦(298.15) + RT ln(15/P0(T )) (75)

Figure 43

G − H◦(298.15)
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(T = 25

◦C, P = 15 Torr)

Figure 44

Figure 43 (T = 25 ◦C, P = 15 Torr) G−H◦(298.15)

G − H◦(298.15)

Table 6: - 1 .

A B C D

-203.6060 1523.290 -3196.413 2474.455

Table 7: - 2 .

E F G H Reference

3.855326 -256.5478 -488.7163 -285.8304 Chase, 1998
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3.3.5

LDF, DE, SE

LDF Figure 45 LDF

ln(1 − Mt

Me
) = −kt (76)

ln(1 − Mt
Me

) Figure 45 A20-

20.86 Torr 25 °C LDF

ln(1 − Mt
Me

)

A7 A10

LDF

LDF

DE SE Figure 46 - 51

DE SE

A10

(RSS, J) Figure 52 DE SE RSS

A10 DE

Figure 53 k1 k2

k1 k2

k1 k2
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SE

DE SE DE A10

A7, A20 A7, A20 SE

SE

-

SE
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3.3.6

Figure 54, 55 A7 SE

Exponential factor β (P < 10 Torr)

10−2 s−1 10−3 s−1

(10 Torr≤ P < 15 Torr)

10 Torr≤ P ≤ 13 Torr (10−3 s−1 )

(15 Torr≤ P)

(10−2 s−1 )

Exponential factor β 0.7

β 0.62 β

Figure 56, 57 A10 Exponential factor β

(P < 10 Torr)

10−2 s−1 10−3 s−1

(10 Torr ≤ P < 16 Torr)

15 Torr (10−4 s−1 )

(16 Torr≤ P)

(10−2 s−1 )

Exponential factor β 0.5 0.7

β 0.5 A7 A7

β

Figure 58, 59 A20 Exponential factor β

(P < 16 Torr)

10−2 s−1 10−3 s−1
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(16 Torr≤ P < 21 Torr)

18 Torr (10−5 s−1 )

(21 Torr≤ P)

(10−2 s−1 )

Exponential factor β 0.8 0.5 β

0.75 β

β 0.5-0.7 0.7
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Figure 55: 25 °C A7- Exponential factor β .
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Figure 57: 25 °C A10- Exponential factor β .
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Figure 59: 25 °C A20- Exponential factor β .
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3.3.7 Exponetial factor

Figure 60, 61 Exponential factor

0-0.1

A7, A10, A20

[51] 0.1-0.9

0-0.1

0.9

0-0.1

A7, A10, A20 10−1 s−1 - 10−3 s−1

Thomas

(

) [48]

Thomas

0-0.1
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0.1-0.9 A7, A10, A20

A7 A10 10−3 - 10−4

A20 10−4 s−1 - 10−5 s−1

A7, A10, A20

A7,A10

PSD A10

2 nm A20

0-0.1

0.1-0.9 A7,A10 A20

0.9-1 A7, A10, A20

0-0.1

8

0.1-0.9 A7, A10 A20

Exponential factor β LDF (β = 1)

SE β = 0.5 Fickian diffusion

[48] β
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Figure 61 β 0-0.1 β

0.5 0.7 β Thomas

β

0.15-0.85 β = 0.7 ± 0.07

Thomas

β = 1 β = 0.5

0.85-1 β

β = 1
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3.3.8

Figure 62, 63 A20 Exponential factor β

(15 Torr < P)

10−2 s−1

(13 Torr < P ≤ 15 Torr)

(13 Torr ≥ P)

Exponential factor β 0.6

β 0.85

0.5
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Figure 62: 25 °C A20- .
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Figure 63: 25 °C A20- Exponent factor β .
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3.3.9

Figure 64, 65 Exponential factor β

0.9 0.9

Exponential fcator β

0-0.1 β = 0.5

0.1 β 0.85 LDF

0.9 β LDF

β = 1 LDF
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3.3.10

D. D. Do Do. and Do. model

[30]

Do. and Do. model W

S

W + S � WS (77)

W +WnS � Wn+1S (78)

WnS � Wα +Wn−αS (79)

α

β

βWα � (Wα)β (80)

Do. and Do. model

D

DM Knudsen DK

112



1
D
=

1
DM
+

1
DK

(81)

Knudsen l 10 1

l 10

Knudsen

l =
RT√

2NAσP
(82)

NA σ σ = 0.234 nm2

4.24 103 nm ≤ l ≤ 2.07 105 nm

(0.57 nm ≤ w ≤ 1.03 nm) Knudsen

-

A7, A10 A20

X

A7 A10

A20
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A7, A10

A20

Do

A7, A10

A20

S. K. Bhatias

[45] A7, A10

A20

A7, A10

A20

Bhatias

[45]
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4 feedback
Kinetic Analysis of Polar and Nonpo-

lar Molecular Adsorption on Ordered Mesoporous Silica by Pressure
Feedback method

4.1

(metal organic frameworks; MOFs, prorous coordination polymer;

PCPs)[55] (periodic mesoporous organo silica; PMO)[56]

[57]-[59] [58]-[62] [63][64]

[65]
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in-situ

feedback

SBA-15
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4.2

4.2.1 SBA-15

(Si-O-H)

SBA-15 Pluronic®-123

5-15 nm SBA-15

[66]

Lot. 008 SBA-15

[67]-[69]

SBA-15

( )

SBA-15

SBA-15 10M-NS 20M-NS

10 20 10 1.0 M

NS (Non-Stiring)
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10M-NS 20M-NS

3 7 10M-NS-W3 10M-NS-W7

20M-NS-W3(W Water treatment 3 7 ) Lot. 008

1.7 M 10M-NS < Lot. 008 < 20M-NS

4.2.2

393.15 K

BELSORP-MAX ( )

P < 1.0 10−5 Pa 6

SBA-15(Lot. 008) Table 8.

Apore αs Aext αs

Vαs αs Dp BJH [70]

SBA-15 Lot. 008

feedback P < 1.0 10−3

Pa 6 298.15 ± 0.03K

feedback

P < 1.0 10−5 Pa 6

77 ± 0.009K

Table 8: SBA-15(Lot. 008) .

Apore / m2 g−1 Aext / m2 g−1 Vαs / cm3 g−1 Dp / nm

790 119 0.965 6.88
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4.2.3

4.2.3.1

( Q Milli-Q labo )

R.P.

4.2.3.2

(G1 grade, 99.99995 %, )

4.2.3.3 feedback

feedback 2.2.5.1 2.2.5.2 2.2.5.3 3.2.6

4.2.3.4 SEM

SBA-15(10M-NS, Lot. 008, 20M-NS) SEM

Neoc-Pro (

) 20 nm SEM

JSM-7600F(JEOL ) 15 kV
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4.3

4.3.1

Figure 66. 77 K IUPAC IV

SBA-15 Pluronic®-123

SBA-15 6-7

nm

SBA-15

(P/P0 < 0.1)

SBA-15 (inter-connected pore)

A. Gakarneau

[71] SBA-15 inter-connected pore

SBA-15

inter-connected pore

(0.1 < P/P0 < 0.7)

IUPAC II

[72]

(0.7 < P/P0) (P/P0 0.75)

(0.65 < P/P0 < 0.75)

(P/P0 0.75)

2.3.10 (capillary condensation)
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SBA-15 (0.75 < P/P0)

(P/P0 0.65)

(capillary evaporation)

- [73]-[75]

[76]-[79]

[80]

Figure 67. 298 K

[81], [82]

IUPAC V

V SBA-15

SiO4 Si-O-H

[82]

SBA-15 SiO4 298K

(P/P0 < 0.75)

(0.65 < P/P0 < 0.8)

Figure 68. Figure 67.
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Figure 69

Gurvitsh [83]
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Figure 66: 77 K SBA-15 .
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Figure 67: 298 K SBA-15 .
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Figure 68: 298 K SBA-15 .
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4.3.2

Figure 70 - 73 SE

SE

feedback

t < 30 s( ) t < 150 s( )

Figure 74, 75 Figure

(393 K and < 1.0 10−1

Pa for 6 h) feedback

( ; P/P0 < 0.75, ; P/P0 < 0.725)

SBA-15
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φ = 0.3

φ = 0.6

[Si-OH (H2O)n]

(n; )[82]

Figure 76 ( ) Figure

77 K 298 K

A Ea

[84]

k = Ae−Ea/RT (83)

SBA-15

( ;

φ < 0.3, ; φ < 0.6)

5 10−1

1 10−2 1 10−3

( ; 0.3 < φ < 0.9, ; 0.6 < φ < 0.9)
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2.3.10

[85]
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Figure 70. 77 K 60.58 kPa SBA-15 SE
.
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Figure 71: 77 K 60.58 kPa SE .
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4.3.3

Figure 77, 78, 79 SBA-15

10M-NS Lot. 008 20M-NS SEM SEM

10M-NS

20M-NS SEM

10M-NS 2.0 μm 0.31 μm Lot. 008 1.4 μm 0.32 μm

20M-NS 0.96 μm 0.27 μm 10M-NS→ Lot. 008→ 20M-NS

Figure 80 298 K SBA-15(10M-NS-W3, 10M-NS-W7, 20M-NS-W3, Lot. 008)

SBA-15
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Figure 77: SBA-15(10M-NS) 10,000 SEM .

Figure 78: SBA-15(Lot. 008) 10,000 SEM .
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Figure 79: SBA-15(20M-NS) 10,000 SEM .
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4.3.4 SBA-15

SBA-15

298 K 77 K

V

IV

[Si-OH (H2O)n](Figure 81. (a))

SBA-15

3.3.10 Knudsen
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Figure 81 (a) (b)

Figure 81 (c)
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