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Summary

As the method to re—utilize the waste citrus peel (WCP) efficiently which
1s abandoned in large quantities in Jeju Island, the high valued activated
carbon was prepared by chemical activation method from it. Moreover, the
adsorption  characteristics of VOCs (acetone and  benzene) and
sulfur-compound (methyl mercaptan) which are harmful to clean image of
Jeju Island and become to a target of public grievance, were carried out
using the activated carbon prepared from it. The following results were

obtained.

1. The raw material of WCP, which is a biomass resource, has the
advantages that it is economic and it can be supplied smoothly and
sufficiently. Its principal carbon and ash content were 48.3% and 4.99,
respectively, which were similar to those of raw material used for the
preparation of commercial activated carbon, and were higher in carbon
content and lower in ash content, compared with another biomass
resources, indicating that the waste citrus peel is suitable for the raw

material of activated carbon.

2. With the results of thermogravimetric analysis (TGA) of waste citrus peel
in order to examine its thermal characteristics, the following results were
obtained: to about 200, moisture, volatile materials and etc. in it were
evaporated; in the range of 200C to 350°C, about 60% of its weight were
reduced with the steep weight loss; above 350TC, its thermal degradation
reaction came to an end gradually with smaller weight loss ratio. These
results indicated that it had the thermal degradation characteristics that

steep weight loss occurred in the narrow temperature range and thermal



stabilization occurred at relatively low temperature.

. The optimal carbonized sample in carbonization process was obtained at
the conditions of 350°C for 1.5 hr, with the measurements of carbon
content and leachate color, and surface analysis by a scanning electron

microscope (SEM).

With the results of evaluating for the activated carbon prepared with
chemical activation process impregnating activating agents (KO, NaOH
and ZnCls) to an optimal carbonized sample, the optimal activated carbon
was obtained at the conditions of 300% impregnation ratio of KOH to
carbonized sample and of 900C for 1.5 hr, and got the specific surface

area of 1,527 m2/g and the iodine adsorptivity of 1,246 mg/g.

. Examining the pore size distribution of activated carbon prepared at the
optimal condition of activation, the activated carbon by KOH had the
relatively high micropore volume in the range of 3 ~5 A and 8 ~ 20 A
and the activated carbon by ZnCl; had the relatively high mesopore

volume, compared with those prepared by the other activating agents.

By batch experiments, the adsorption of acetone, benzene and methyl
mercaptan on the optimal activated carbon(WCP-K300-AC) prepared with
KOH of 300% impregnation ratio from waste citrus peel, followed the
Freundlich model better than the Langmuir model, the adsorption capacity
was the sequence of benzene > acetone > methyl mercaptan, and their
adsorption kinetics fitted the pseudo 2nd order kinetics better than pseudo

1st order kinetics.

By continuous experiments, the breakthrough time obtained from the

_Xi_



breakthrough curves of acetone, benzene and methyl mercaptan on
WCP-K300-AC decreased with increasing their inlet concentration and
flow rate and increased with increasing their aspect ratio, and the
adsorbed amounts obtained from their breakthrough time increased with
increasing their inlet concentration and aspect ratio, but were different

according to the gases used with increasing their flow rate.

8. The WCP-K300-AC prepared in this study showed the higher adsorptivity
for acetone, benzene and methyl mercaptan than the activated carbons
(CG-AC and WV-AC) on the market which were prepared from the
coconut shell and were found to be excellent for the removal of gaseous

pollutants.

9. In binary (acetone and henzene, acetone and methyl mercaptan, benzene
and methyl mercaptan) or ternary gas systems composed of acetone,
benzene and methyl mercaptan, the adsorption of acetone by
WCP-K300-AC in binary gas system composed of acetone and benzene,
and ternary gas system, showed the breakthrough curve of overshoot
phenomenon that its outlet concentration was higher than its inlet
concentration, differently in single gas system, due to the mutual
interaction among the gases within it and the affinity of object gas to it.
However, in another binary gas systems (acetone and methyl mercaptan,
benzene and methyl mercaptan) and ternary gas system, the overshoot

phenomenon did not occur except for acetone in ternary system.
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Table 1. Production of citrus and citrus peel in Jeju area (Unit - Ton)™

2003 2004 2005 2006 2007 Average

Citrus production 645,687 595,591 661,992 631,324 747,376 636,374

Amount of purchase for
] 120,333 100,517 125,343 109,483 138,780 118,890
processing

Importance of processing 0.19 0.17 0.19 0.17 0.19 0.18

Citrus peels production 61,360 51,260 63,170 53,210 67,450 59,290

Percentage of citrus peels 51 51 50 49 49 50

@ jeju
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Table 2. Physical properties of activated carbon prepared from various raw materials

Raw material Carbon G Derglsitz Ash Texture of activated carbon
(w%) (w%) (cm” g ) (w%)

Soft wood 40 ~ 45 b5 60 04 ~ 05 03 ~ 1.1 soft, large pore volume
Hard wood 40 ~ 42 b5 60 055 ~ 0.8 0.3 ~ 1.2 soft, large pore volume
Lignin 35 ~ 40 58 60 0.3 ~ 04 - soft, large pore volume
Nutshells 40 ~ 45 b5 60 14 - hard, large micropore volume
Lignite 55 ~ 70 25 40 1.0 ~ 1.35 5 ~6 hard, small pore volume
Soft coal 65 ~ &0 20 30 125 ~ 15 2 ~ 12 medium hard, medium pore volume
Petroleum coke 70 ~ &5 15 20 1.35 05 ~ 0.7 medium hard, medium pore volume
Semi—hard coal 70 ~ 75 10 15 1.45 B — S hard, large pore volume
Hard coal 8 ~ 95 T 5 L) 1.5 ~ 1.8 2 ~ 15 hard, large pore volume
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Table 3. Comparison of physical adsorption and chemisorption

4748)

Classification

Physical adsorption

Chemisorption

Adsorbent &
adsorbate

Heat of adsorption

Temperature

Adsorption rate

Coverage

Reversibility

Activation

Electron transfer

Non specific

Low
(<2 or 3 times latent
heat of evaporation)

Only significant at
relatively low
temperature

Rapid

Monolayer or multilayer

Reversible

Non-activated

No electron transfer
although polarization of
sorbate, may occur

Highly specific
High

(>2 or 3 times latent
heat of evaporation)

Possible over a wide range
of temperature

Slow

Monolayer only

Irreversible

Activated

Electron transfer leading to
bond formation
between sorbate and surface
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Fig. 3. Mechanisms of adsorption.
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Table 4. Physicochemical characteristics of main odorous compounds

o Melting Hoiling Threshold
Molecular  Specific

Odor compounds Chemical formula . ] point point concentration
weight density J .
(C) (C) (ppm)
Hydrogen sulfide HeS 34.08 1.189 -82.9 -59.6 0.0005
Methyl
mercaptan CH3SH 48.11 0.896 -121 8 0.0001
(Methanethiol)
Dimethyl sulfide (CHs)2S 62.13 0.846 -83.2 37.3 0.00012
Dimethyl
e (CH3)2S2 94.2 1.057 - 116 0.0002
disulfide
Ammonia NH; 17.03 0.597 =77.7 -334 0.15
Trimethylamine (CHs3)sN 59.11 0.662 -124 35 0.00011
Acetaldehyde CH;CHO 44.05 0.783 -1235 20.2 0.0015
Propionaldehyde C2HsCHO 58.08 0.807 -81 495 0.0015
n-Butyraldehyde CH3;CH2CH2CHO 72.10 0.817 -99 7.7 0.00029
iso-Butanol (CHs3):CHCH-OH 74.12 0.805 -108 107 0.012
Ethyl acetate CH>COOCz2Hs 88.10 0.901 -82.4 77.1 0.00025
Methyl isobutyl
(CHz3)2CHCOCH3 100.16 0.796 -84.7 1159 0.17
ketone
Acetone CH;COCH3 57.07 0.791 i 56.3 42
Benzene CsHs 78.11 0.879 = 80 2.7
Toluene CsHsCHj3 92.13 0.866 -95 110.8 0.92
Styrene CsHs 104.14 0.903 -31 145 0.033
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I Waste citrus peel |

h 4 @ refrigeration (-20°C)
I Pretreatment | ========"(@ vacuum freeze drying (72 hr)
— @ carb (200~700°C)
e (@ carbonization temperature ~ 7007
I Carbonization | """" (3) carbonization time (0.5, 1, 1.5, 2 hr)
I Carbonized sample I
| |
KOH ratio NaOH ratio Zn(l; ratio
100~300% 100~300% 100~300%
A 4 o :
i (@ activation temperature (400~900°C)
| Activation | """" @ activation time (05, 1, 1.5, 2 hr)
Washing | Drying

v
I Activated carbon |

Analysis of BET, Analysis of Adsorption
Pore structure SEM, XPS experiment

Fig. 6. Schematic diagram for the preparation of activated carbon from waste

citrus peel using chemical activation method.
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Fig. 7. Schematic diagram of activated carbon preparation system.
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Table 5. Physical properties of adsorbates

Component Acetone Benzene Methyl mercaptan
Formula CHsCOCHs CeHs CHsSH
Molecular weight (MW)

57.07 78.11 48.11
(g/mol)
Densit,
- 0.791 0.879 0.806
(g/ml)
Boili int (b.
oiling point (b.p) 563 80 g
()
v
" e 194 79.4 1,536
(mmHg)
Diameter
4.82 5.26 -
(nm)
Remark Ketone Hydro carbons Sulfur
—_ 39 —_
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Fig. 9. Schematic diagram of continuous experiment apparatus.
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3) AU

Acetone¥} benzene 71229 F%+E DB-624 capillary cloumn(30 m x 0.32 mm
ID x 1.8 m film thickness)¥ E#o|>3HE7|(FID)7F F&d 7tAzmzvtE D
Z 3 (Donam, DS-6200, Korea)Z #4135 oW, 7fA2azufE e 4 A
oven +%+ 50T, injector &%+ 2507C, 28] 3l detector &%+ 200C = 313
t}. 28 3L methyl mercaptan< FPD (Flame Photometric Detector)”} 325 7}
A A7 vE 18 9 (Shimadzu, GC-A9, Japan)E AFg3dtglow, 7tAm2vlE 18
9ol &4 Al oven %= 100T, A&7 <& 220C, injector &%+ 2207TC o]

i, 37, Ne 2 Hed %2 Z47F 500, 20, 40 ml/minZ 3} 485 th

b

i)

Acetone, benzene % methyl mercaptan®] 7ZlAAZvlE Ty 24 27AS

Table 6 YEN ST}
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Table 6. Analytical conditions of gas chromatography

Analytical condition

Ttem
VOCs analysis Sulfur analysis

Detector FID FPD
Oven temperature 50T 100TC
Injector temperature 250°C 220°C
Detector temperature 200°C 220°C
Flow rate

_ ; 30 : 30 : 300 20 : 40 - 500
(N2:H2:Air), mL/min
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Table 7. Composition of waste citrus peel

Compound Composition, %
Crude protein 10.0
Crude fat 3.6
Carbohydrate 70.3
Ash 49
Moisture 11.2
—_ 48 —_
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Table 8. The composition of C, H, N and ash on waste citrus peel

Compound Composition, %
. 48.3
H 6.4
N 41
Ca K Cu S Na P Si Al  Total
Inorganic
clement | g0o s34 141 49 37 27 23 08 100
Ash
. Ca0 KO CuO SOz NaOz P05 SiO2 AlOs Total
Inorganic
compound
36.2 293 112 9.3 4.1 4.8 3.9 1.2 100
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Fig. 11. Yield of carbonized sample as a function of carbonization temperature

(4105 hr, (1t 1 hr, O 1.5 hr).
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Table 9. Color changes of leachate after adding 1 N-NaOH solution and

heating for 2 hours at 80T to the sample prepared with different

carbonization conditions

Carbonization time (hr)

Carbonization

temperature
(C) 0.5 1 1.5
200 Dark Yellow Dark Yellow Dark Yellow
250 Dark Yellow Dark Yellow Dark Yellow
300 Dark Yellow Light Yellow Light Yellow
350 Light Yellow Light Yellow Colorless
400 Light Yellow Colorless Colorless
500 Colorless Colorless Colorless
600 Colorless Colorless Colorless
700 Colorless Colorless Colorless
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Table 10. C, H and N content before and after carbonization

Carbonization Carbonization

O O (6]
Sample time, hr temperature, C C(%) H(%) N(%)
Before
o = = 48.3 6.4 41
carbonization
350 68.5 5.3 2.8
After
S .5 400 68.0 4.2 2l
carhonization
500 70.3 2.7 2.7
— 57 —
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(c) 700C

Fig. 12. SEM photographs of carbonized sample

(carbonization temperature: 350C, 500C, 700°C; magnification x1,000).
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Table 11. C, H, N content of waste citrus peel, carbonized sample and

activated carbons

Composition, %
Sample

C H N
Waste citrus peel 48.3 6.4 41

Carbonized sample
(350°C, 1.5 hr) 68.5 5.3 2.8
7ZnCl. 68.8 0.9 05
Activated carbon NaOH 69.3 0.5 0.3
KOH 70.2 0.1 0.2
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Table 12. Composition of inorganic element and its compound of waste citrus peel, carbonized sample and activated carbons

Composition, 26

Sample

Ca K Cu S Na P Si Al Mg Fe Zn Cl Total
Waste citrus peel 38.2 33.3 14.1 49 3.7 2.7 2.3 0.8 _ . - - 100
Carbonized sample” 40.4 34.6 35 1.6 3.0 4.1 1.1 06 b6 b4 - - 100
ZnClg2> 2.6 - - 1.2 = 2.6 1.1 0.7 4.2 0.7 66.7 20.2 100

Activated 3
carbon NaOH 16.6 5.3 - 1.6 58.0 2.6 2.2 1.0 8.1 4.6 - - 100
KOHY 22.2 63.0 - 04 = 1.0 1.0 04 3.7 3.3 - - 100
Sample CaO | KO | CuO SO3 NasO | P:Os | SiOz | AlOs; | MgO | FexOs | ZnO Cl Total
Waste citrus peel 36.2 29.3 11.2 9.3 4.1 4.8 39 1.2 - = - - 100
Carbonized Samplel) 37.6 30.4 2.7 3.2 3.4 7.4 1.9 09 7.7 4.8 - - 100
ZnClg2> 2.9 - - 2.3 = 5.0 1.9 1.1 5.7 0.8 63.9 16.4 100

Activated 3
carbon NaOH 12.4 36 - 2.3 62.8 3.6 2.8 1.1 8.4 3.0 - - 100
KOHY 22.1 64.0 - 0.8 = 2.0 1.9 0.7 5.3 3.2 - - 100

Yprepared at 350C for 1.5 hr, 2“YPrepared at 600°C for 1.5 hr, at 700C for 1.5 hr, and at 900C for 1.5 hr, respectively.
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(c) KOH 300%

Fig. 14. SEM photographs of activated carbons prepared by an activating
agent (KOH) with its impregnation ratio (activation temperature: 90

0C, activation time: 1.5 hr, magnification x1,000).
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(c) NaOH 300%

Fig. 15, SEM photographs of activated carbons prepared by an activating
agent (NaOH) with its impregnation ratio (activation temperature:

700°C, activation time: 1.5 hr, magnification x1,000).
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(c) ZnClz 300%

Fig. 16. SEM photographs of activated carbons prepared by an activating
agent (ZnCl) with its impregnation ratio (activation temperature: 60

0C, activation time: 1.5 hr, magnification x1,000).
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Fig. 17. Adsorption isotherms of nitrogen at 77K for the activated carbons
prepared using KOH(a), NaOH(b) and ZnCl(c) as an activating
agent (impregnation ratio : [ 20095, Il 300%).
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Fig. 18. Pore size distribution of activated carbons prepared using KOH(a),

NaOH(b) and ZnCl(c) as an activating agent (impregnation ratio :

(1 200%, W 300%).
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Table 13. Comparison of specific surface area, total pore volume and average
pore diameter of activated carbons prepared with activating agent

of different impregnation ratio

Activated carbon Sper m¥g) V1 ©m’/g) B (¥
ZnCla-100% 603 0.395 26.0
ZnCla-200% 645 0.408 25.3
ZnCl2-300% 756 0.428 22.6
NaOH-100% 339 0.417 24.4
NaOH-200% 1,241 0.464 239
NaOH-300% 1,356 0.542 20.2
KOH-100% 1,134 0.662 24.2
KOH-200% 1,418 0.935 219
KOH-300% 1,527 1.004 20.7

Seet : BET (specific surface area)
Vr © single point total pore volume
D, : average pore diameter
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Fig. 19. Todine adsorptivity of activated carbon as a function of activation
temperature and impregnation ratio of activating agent (<: 100 wt%,

O: 200 wt%, A: 300 wt%, activation time: 1.5 hr).
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Azd S 285 eV F-29] graphite 2 E F4HO=Z 2864 ~ 2869 eV,
2882 ~ 2891 eV H 290 ~ 2918 eV WA ZZ phenol, carbonyl %
carboxyl 59 Z&7]E°] £A3Hs 2= 912t} Moreno—Castilla %0 &2
HoAzRE Axd BT XPS BA Aseln, B A7 Avke} vlss)
286.1 eV, 287.3 ev ¥ 289.1 eV W oA 27} phenol, carbonyl ¥ carboxyl &
o] Z&7lEo] YEsTtaL gkl

Cis =#E" 9] chemical shift Al t3d}4] deconvolutions &3] T4
Ja2Es FYste] =9d #e7lel dsl Awskel Hlask A3E Table 1590
Ueb ATt Table 15914 B, ©3kA 5 9] graphite®] H|&o] 58%°]4<l 23t
Hluste] @A) 93] Azxzd 248 508 ~ 51.4%= graphite®] H]&©|
Aasta, 2H AhE FHEUVES E4gA ue vE HEE HATH
WCP-K300-AC*2] phenol, carbonyl % carboxyl< Z+7F 19.1, 3.0 % 47%=
=2 ¥.9l3, carboxyls EEA|Zo] ]|
20 A% =4 YeElgt. WCP-Na300-AC2] 4%, carboxyl> WCP-K300-AC
9} W)= 50%E vElW oW, WCP-Zn300-AC% phenol ¥ carbonyl 28 7]¢]
FET WCP-Na300-ACeF v|=3t ZiE 1<l ¥ carboxyls 0.8%=2 &4
7HE v s WERATH

He.

{t

O

phenol> &4 A#R F 71 =2

off

k=

of

_85_

@ jeju



160,000
,a """"""" Carbonized sample
i WCP-K300-AC
¢
~ 120000 | WCP-Na300-AC
= WCP-Zn300-AC
o
L so000 |
=
=
%
c
D 40,000
e
=
5 . . .
546 536 526 516
Binding energy (eV)
(a) Oxygen lIs
100,000
Tj """"""" Carbonized sample
D & _ A
D siios B WOP-K300-AC
?ér cmccssmseecne 4P —N3 300~ AC
S K 4
2 — WCP-ZN300-AC
o
L—
=
= 40,000
c
@
= 20,000

300 290 280 270

Binding energy (eV)

(b) Carbon s
Fig. 23. XPS spectra of carbonized sample and activated carbons by chemical

activation.
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Table 14. Binding energy and area of surface elements of surface-oxidized of carbonized sample and activated carbons

Ols Cls
Sample
Peak Height Peak Height

Area Area
B.E (eV) (count/sec) B.E (eV) (count/sec)
Carbonized h32.51 19,281.41 21,697.26 285 55,436.14 39,497.93
WCP-Zn300-AC 533.09 38,163.03 40,644.04 285.01 94,033.59 54.872.45
WCP-Na300-AC 532.71 27,902.24 28,409.86 285 77,185.36 47670.92
WCP-K300-AC 532.74 27,451.63 33,180.47 285 104,464.5 73,042.12
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Fig. 24. Deconvolution of Cis peak area into its functional groups for

carhonized sample and activated carbons.
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Table 15. Functional groups obtained from the deconvolution of the Cis peak for carbonized sample and activated carbons

Graphite Phenol Carbonyl Carboxyl
Sample
B.E Area At. B.E Area At. B.E Area At. B.E Area At.
(eV) (N) (%) (eV) (N) (%) (eV) (N) (%) (eV) (N) (%)
Carbonized 285.0 44,1722 5&81 2866 6,365.7 8.4 283.1 3,3554 4.4 283.0 1,4534 1.9
WCP-Zn300-AC 285.0 71,8407 5Hl4 2869 14,1267 10.1 289.1 7,391.0 5.3 291.8 1,1114 0.8

WCP-Na300-AC 285.0 53,9619 50.8 286.6 92020 87 288.2 55558 52 290.0 53271 50

WCP-K300-AC 285.0 67,6303 5l1.1 2c6.4 25,2914 #19.1 288.2  3,890.7 3.0 290.0 61829 4.7
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Fig. 25. Adsorbed amount-time profiles for the adsorption of acetone, benzene

and methyl mercaptan on WCP-K300-AC.
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Fig. 26. Adsorption isotherms of acetone, benzene and methyl mercaptan on

WCP-K300-AC.
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Now A (DT 7] thejolR)

e Agsteld fEd

1:]—98)
1
q e:kF ce (7)
AZNA Rk pe ne 247t SR FH FAUEE e S Freundlich A $1d],
1/n gkol ZrolA™ FstE7h o wolxivteE RS ou| gty 2] (7)9 Hel A
AZTE FHolA =d 2 )3 Zo] AT
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2% g, e, B BAY, 7127 Un A9 Inkot 5ol n

Bkt AR

AEFH(q)d A= 2 (6)9 Langmuir

Tl H&3to] 1/Cl LAl AdE Fig. 279 VeSS

2}
o, 2 (89 Freundlich &#5 <

£ Tig. 289 YeEr AT}, Fig. 273 Fig. 285 W& X acetone, benzene
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ko] InCeoll w3l Ing.Z E=A18 23}
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fo MW
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Ao o & Fags & 5 Al

Fig. 27% Fig. 289 Z¥}=F¥ F3 Langmuir
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T # F3sH o, 1/n

o
i
f

2 Freundlich & 252

el
oL

-

1.

095 ~ 0.98=Z4 w7t~ EF Freundlich &2

e 7Zh7E 0.2289, 0.1844 # 0.29400.2 ERSE,

benzene > acetone > methyl mercaptan 2. %
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Fig. 27. Langmuir isotherms of acetone, benzene and methyl mercaptan for

WCP-K300-AC.
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Fig. 28. Freundlich isotherms of acetone, benzene and methyl mercaptan for

WCP-K300-AC.
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Table 16. Freundlich and Langmuir isotherm parameters for the adsorption of

acetone, benzene and methyl mercaptan on WCP-K300-AC

Freundlich Langmuir
Adsorbate
KF 2 KL Chn 2
1/n T

(mg/g)(1/ppmv) (I/ppmv) (mg/g)
Acetone 20.0114 0.2289 09591 0.0174 104.2  0.8286
Benzene 68.1492 0.1844 09884 0.07523 2439  0.7459
Methyl mercaptan 12.2791 0.2940 09834 0.04304 709  0.7737
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g - min, 2123 methyl mercaptan< 0.0050 g/mg - min®.% &< %= benzene
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Fig. 29. Pseudo-first-order kinetics for the adsorption of acetone, benzene and

methyl mercaptan on WCP-K300-AC.
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Fig. 30. Pseudo—second-order kinetics for the adsorption of acetone, benzene

and methyl mercaptan on WCP-K300-AC.
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Table 17. Kinetic parameters obtained from for the adsorption of acetone,

benzene and methyl mercaptan on the WCP-K300-AC

1st order 2nd order
Adsorbate
ki . ko )
" T ) r
(1/min) (g/mg - min)
Acetone 0.0089 0.7430 0.0018 0.9989
Benzene 0.0124 0.7085 0.0008 0.9986
Methyl mercaptan 0.0038 0.7294 0.0050 0.9984
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Fig. 312 WCP-K300-ACE 7}#] 3L acetone, benzene % methyl mercaptan®]
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e FYsECol W3k FE5=(C)9 v(C/CoE YEtN Ae=, =4
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odTE FAF L3 FUicke gRkEdl FFAEAS YeEh AT g F A i
258 A acetone, benzene ¥ methyl mercaptan®] &# 2 Table 169l
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o] FAE A v=d A2 Wt
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Fig. 31. Breakthrough curve of acetone, benzene and methyl mercaptan on
WCP-K300-AC (inlet concentration: 300 ppmv, flow rate: 100
mlL/min, WCP-K300-AC: 0.1g).
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Fig. 32. Effect of inlet concentration of acetone, benzene and methyl
mercaptan on breakthrough curve (flow rate: 100 mL/min,

WCP-K300-AC: 0.1g).
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Fig. 33. Adsorbed amount of acetone, benzene and methyl mercaptan with

inlet concentration (flow rate: 100 mL/min, WCP-K300-AC: 0.1g).
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Fig 34. Effect of flow rate of acetone, benzene and methyl mercaptan on

breakthrough curve (inlet concentration: 300 ppmv, WCP-K300-AC:

0.1 g).
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Fig. 36. Effect of aspect ratio of acetone, benzene and methyl mercaptan on

breakthrough curve (inlet concentration: 300 ppmv, flow rate: 100
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Table 18. Comparison of specific surface area, total pore volume and average

pore diameter for various activated carbons

Activated carbon Sger (m’/g) Vr (em’/g) D)
WCP-K300-AC 1,527 1.004 19.8
WCP-Na300-AC 1,356 0.542 20.2
WCP-7n300-AC 756 0.428 22.6

CG-AC 1,242 0.613 19.8
WV-AC 1,260 0.967 31.0

Seer : BET (specific surface area)
Vr ! single point total pore volume
Dp © average pore diameter
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Fig. 38. Comparison of breakthrough curves of acetone, benzene and methyl

mercaptan for various activated carbons {(inlet concentration: 300

ppmv, flow rate: 100 ml/min, activated carbon: 0.1 g).
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Fig. 39. Comparison of breakthrough time of acetone, benzene and methyl
mercaptan for various activated carbons (@O: WCP-K300-AC, @:
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Fig. 42. Comparison of breakthrough curves for binary gas systems composed
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concentration: 150 ppmv, flow rate: 100 mL/min, WCP-K300-AC: 0.1
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