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Abstract — To investigate the effect of thermal treatment of activated carbon on methanol adsorption, pulse-responses were
measured in a gas chromatograph equipped with thermal conductivity detector (TCD), and reaction parameters were calcu-
lated by the moment method. Equilibrium adsorption constants and isosteric heat of adsorption of methanol decrease in the
thermally treated activated carbon. This shows the decrease in the interaction between activated carbon and methanol due to the
decrease of concentration of surface oxygen, which was confirmed by TPD experiment measuring the evolved concentration of
CO/CQ, from the activated carbon. Regardless of thermal treatment of activated carbon, macro- and micro-diffusivities showed
the value of same order of magnitude and surface and Knudsen diffusion prevails in micro and macro pore, respectively.
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Table 1. Properties of activated carbon

True density [kg//fi 2.0x16

Particle density [kg/d} 0.85x1G

Particle porosityf] 0.63

Surface area (BET) [ffu] 992

Particle size [mm] 0.20, 0.34, 0.93
Total pore volume [kg/fi 0.75x10°

Table 2. Characteristics of packed column and operating condition
Packed length [m] 0.07

Column 1.D. [m] 4.37x10°
Particle size [mm] 0.20, 0.34, 0.93
Sample weight [g] 0.50, 0.43, 0.43
Column porosity §] 0.39, 0.37, 0.40
Gas flow rate [ml/min] 30, 50, 70, 90
Temperature’C] 70, 100, 130




dp=0.2mm
Temp = 100°C
Flowrate = 70ml/min
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Fig. 1. Typical plot of elution curve for methanol pulse.
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Fig. 2. Effect of z/u on the 1st absolute moment with adsorption tempera-
ture.
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Fig. 4. Effect of z/u on the 1st absolute moment at 10C.
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Fig. 5. Effect of z/u on the 1st absolute moment at 18G.

Table 3. Equilibrium adsorption constants for methanol on activated
carbon

Equilibrium constant [cRig]

Thermal condition

70°C 100°C 130°C
500°C, 2 hr 260.8 75.3 304
900°C, 10 hr 177.0 56.6 23.8

£3 Tamor?} Okazaki[9p] A#e} Fd8 o= AX3 AT

A A-8-H E/9%He] TPD(temperature programmed desorptibn)
HAHNE Flg G(aﬂ' 6(b)°1 TR T Ak o 2 BAERY] AMAE
Z3h 715715 94 REE 5771 #ElEe] 600°C o]t
ANz F2 2 A 7157 #01 COE HEHA 2 oM e &
S = 2o2 R YTH10]. Fig.
6(aplr & 4 %ol B AFo AR-E 500°CHA 227 g7 &
R @2 COZ iEstH #de] 4] 757150 Bot
-2 HojFE v 2}k 900°CHIA 1087 A w3 B ek
74 Fig. 6(bpt o] COt CO, WiE 5= AT Solem 1]
carboxyl group, phenollc hydroxyl group, carbonyl grugt-2 Ak4
7157180 -2 AAHRSS & F At meb S 4]
AL oldg B9 Ars]EC] ARAA Hol mehEte] 4o
| FraxsiA =5 R FF Adrgro] Aash €

Jr ol mhet 73k MRS S719] ST HIAZHLTE o

o] Van't Hoff plot2 3= Fig. 7l He

o

Eloll

EAE T S X
Jr?—;‘_% 500°CollA 2417¢ ]2 3t 7399} 900°CHA 10~ 7}
2 Z¥7} 9.8 Keal/mol} 9.1 Keal/molz Westom 17804 4
Aol FAL e Aot vebkrh old A 24
22 £249-S 243 Herry S[11]¢] A3}4] 8.7 Kcal/
mol} v/\}ﬁi e veRa glo = AL BF oy e 5
g 7.7 Keallmol .o} =& gh2 Holx gir). o]2d Axe 84
B HEgo] A2 W BT T WS duAgd 9
o Vel @40= ALk

Fig. 8> 98] A W} Y#=7] 0.34 mnel 2] Wehe
F2 29T 23 FURAE 3e Ul et =A% dajolr). 1
HollA] 71271 72 o]24 (11p) ¢Jste FEATE 233 sk
o] i AHL FAH e FAkx BA)H §+§;+ 8 Fo= AojHr)
webA wlzIuE PSR 1:}\] 3 gghze] 7]87] gro sy SR
AMFE & 5 A Ert. FEMTE diFeR IAE AR

s &

=]

41 XM4s 20031 8

O I N e I ey
80000 T T T T T T
()
® CO 500 °C 2HR
60000
."é‘
=}
>
& 40000
E
<<
20000
0 1
0 150 300 450 600 750 900 1050 1200
Temperature [ °C]
2000 T T ! - r .
(b)
® co 900 °C 2HR
0 CO,
1500

Arbitrary unit
5]
o
o

500 r

0 -
0 150 300 450 600 750 900 1050 1200

Temperature [ °C]

Fig. 6. (a) TPD results of activated carbon (500C-2 hr), (b) TPD
results of activated carbon (900C-10 hr).

-1

27 AH = -9.8 Kcal/mol

In Kp

AH = -9.1 Kcal/mol

e 500°C 2hr
© 900°C 10 hr

L L L L 1

-4
0.0024 00025 00026 00027 00028 00029  0.0030

1T
Fig. 7. Van't Hoff Plot of methanol adsorption on activated carbon.

H b2 EAA) AT GREGS slel B S0 E
B So1op0 =12 Jlege) Kaol B 85 s g

o) ml} £53 SUF BAAFE Table 4 B2l Sl o) wAIH
Hsk o] A BHNE FEAAFEE BAE 0104 sk
WAE nolP LRl Mkl S0 dAeist 3w o



AT PRte] WRkE: FAE AT 495

particle size : 0.34mm

100
o 70°C

70°C

=)
3
N
o,
= 10 v o
= 100°C
v
100°C
v
1F v
. , \ . . .
0 3 6 9 12 15 18 21

108/u? [min/cm)?

Fig. 8. Second moment plot of 0.34 mm activated carbon.

Table 4. Axial dispersion coefficient of methanol on activated carbon

[cm?sec]
—__Particle size 02mm  034mm  0.93mm
Condition
70°C  500°C-2 hr 0.241 0.287 0.282
900°C-10 hr 0.220 0.154 0.137
100°C  500°C-2 hr 0.286 0.267 0.366
900°C-10 hr 0.239 0.117 0.158
130°C  500°C-2 hr 0.431 -
900°C-10 hr 0.218 0.210 0.284
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Table 5. Summary of diffusivities

D, _
Condition ;2'[51] D,[m%s]  Dyg[cns]
70°C 500°C-2 hr 0.0106 1.152x18 0.77
900°C-10 hr  0.0102 3.288x1H
100°C  500°C-2 hr 0.0198 5.224x10 0.88
900°C-10 hr  0.0286 4.182x19
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a - micropore radius [cm]
C : adsorbate concentration in mobile phase at column outlet [fol/cm
c' . intraparticle concentration [mol/éin
C. ! elution concentration [mol/cth
D, :molecular diffusivity in macropore [citsec]
D,g : molecular diffusion coefficient of A in dilute solution of solute

B [cm?/sec]
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D; : molecular diffusivity in micropore [cAfsec]

E, :axial dispersion coefficient [clisec]

K, :adsorption equilibrium constant [Efg]

k¢ . external (fluid-to-particle surface) mass transfer coefficient [cm/sec]
No : flux at the surface of particles [mol/émsec]

N; : flux at the surface of microparticles [mol/&msec]

q : amount absorbed per unit mass of adsorbent [mol/g]
R : radius of the macropatrticle [cm]

r : radial position in a particle [cm]

ri : radial position in a microparticle [cm]

t : time [sec]

u : interstitial flow velocity [cm/sec]

z : length of packing in column [cm]

J2(0|Aa 2Kt

0y, 0; : moment contribution defined by Egs. (12) to (16)
6ax- 6f

4 &

€ : void fraction in bed

€, : intraparticle void fraction

My : 1st absolute moment at column outlet

[V : 2nd central moment at column outlet

Pp : density of particle [g/cr)
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