g

2.1 (Active  Activated carbon)

2537)

22 ( 2536)

2.1

(Pore volume)

80.1 80.8 ( 2536)

(Micropore  volume) P



2.1

% % (g/cc) % (
40-45 55-60 040 -050 O
40-42 55-60 0.55-0.80  0.3-1.2
35-40 58-60 0.30-0.40
40-45 55-60 1.40 0.5-0.6
55-70 25-40 1.00-1.35  5.0-6.0
65-80 20-30 1.25-150  2.0-1.2
70-85 15-20 1.35 0.5-0.7
70-75 10-15 1.45 5.0-15
85-95 5-10 150-1.80  2.0-15

‘Bansel and coworker,1988

2.3
( 2532)
231
(chemical activated carbon)
ZnCl2 NaCl
(Physical activated carbon)
1
2.3.2

(Micropore) 15



. (Transitional pore
5 100

(Macropore)

233

(Powdler)

99
(Pellet)
5

234
235

. Gas adsorbents

. Colour adsorbents
Solf artificial char

. Metal adsorbents

Gas - Phase Carbon

Mesopore)

(Catalytic reaction)

100

150

150

Hard artificial char

Liquid - Phase Carhon



24 (

3
24.1
2538)
2536)
24.2 (Carbonization)
(Char)
200 - 500
Barkordor,1979)
Kohoan Barkordor,1979
Reed Janzen 1979
25 -50
100
2

2532)
(
(
(Tar)
" (Kohoan
20

(Local equilibrium)



(Uniformly black)

(Sharp)

300 - 500

2.4.2.

(Hassler,1974)

(Pore)



21 3
. Hassler (1974)

Debowski (1980) ,
1 1 [ 300 n
600

2422



2.2

10

Heating ratt  Mechanical strength  Bulk density of ~ Pore volume of granules
[ ¢ min"l of granules 1%  granules /g cm3 (cm3g")

1

5

8

20
stepwise growth

: Jankowska(1991)

2423

period)

243

(Mukherjee ,1974)

Total Micro Meso Macro
Pore  pore pore

93.0 0.71 0.24

94.0 0.70 022 012 001 0.09
9.1 0.712 0.23

915 0.62 028 -

60.0 0.28 109 011 003 095

(Medium of reaction)

(Ignasiak  ,1972 Pererii, 973)

2 (Softening
(After softening period)

(Bansal et al. ,1988)
(Activation)



2.2

(Active surface area)

(Active center)

2p 2

(Aromatization)
2p 3

(Sigma hond)

(Pi bond) 2.2

(Resonance)

2
2p 1 (sp 2Hybridization)
3

sp 2 Hybridization

11



(Calurla étal ,1991)

2.3
- Calurla et al.( 991)

24

2.3

-CI', -COOH'

12



(Tar)
24( )

24
: Mukherjee (1947)



25 ' 1983 Berl

25.1 (Chemical Activation)
!
(2nCI2)
(CaCl) (HP04)
(400 - 600 )
25.2 (Physical Activation)
T
1,200
(Hassler,1967)
1000
1000

800 - 900 600

14



2.5

1000

600

2536:18

(Chars)

800 - 900

1

1

700 - 1000° C

15
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(Superheated steam)
( 2523)
(Gasification) (1)
() [Rodriguez - Reinoso and Lanires - Solano,1965]
C+HXD = H2+CO  h=+1305 kimofl - —(1)

(n Langmuir - Hinshel wood
kP H20
r D e (2)
1+ KIPH20 + K2PH?
PHO  PH = D 2
k =
KL K2 =
(Water
gas)
C+hd = C(HD) -(3)
C(HD) = H2+C(0) ~(4)
c(0) = (0 -(5)

(Long  Sykes,1948) 6
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C +H2 = CHY .. (6)
7 8
2C + HX = CH+cCOH) ... (7)
CH) +C(OH) = CH2+C(O) ... (8)
2
"(Reif,1952)

CO+ 2 = CO0x 2 H=-42.3 kimofl - —(9)

CO+C(0) = co2tcC -—(10)

2.6
- Ergun et al.,1965



800 - 900 °c

C+C02 2CO H = +159 kimol'l -—(11)

%P c02

1+ K1PCO+K2PCO

PcO PO = co2 CO
k -
K, K2 =
Jankowska (1991)
2
1C+C02 = C(0)+CO ~(13)
C(0) =co — (14)
CO+c = c(co) — 05)
2¢ +C02 = C(0) +CO — (16)
CO) =co —w)
( )
C+02 = CO2 H=-406 kmofl -—(18)

2C +02 200 H=-123 kImofl -—(19)

18
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Ergun Mentser(1965)"

(CF) (C0)

D +CF = H2+ COF -—(20)

CO CCU 1

co = CO +nCF -—(21)

=01 2 =2

il !
Il =1 =0
il
CO CF CF
0 22

CO +CO = C02+CF -—(22)

Ergun ~ Menster (1965)

1000 , 1100 1200
(Film boundary diffusion)



2.3

Activated Chrysolidine Substance adsorbed 1g/g carbon
Condition R
Gas Temp. °C Ponceau R Aniline blue lodine
Air 600 0.34 0.10 0.05 0.36
Air 740 0.16 0.08 0.05 0.40
Air 790 0.15 0.08 0.06 0.42
Air 860 0.14 0.08 0.06 0.42
Air 910 0.13 0.10 0.06 0.40
Steam 710 0.37 0.19 0.16 0.60
Steam 825 0.37 0.16 0.17 0.60
Steam 880 0.36 0.17 0.21 0.62
C02 880 0.32 0.12

. Hassler (1974)

2.6
26.1 [ (Cartaonizer) ( 2525)
' 2
1
26.2 (Activator)
(Rotary kiln)

Tsutomu Kato



720 - 790
24
Fixed Bed
Moving Bed
Fluidized Bed .

Cocurrent Pnenatic ¢

transpod

Kunnii (1969)

intiulnu
b » | thna

A

Jun-lohi Kawabata . .1972
600 2000

(Internal - heat type fluidized bed)
(LPG)

(Two stage fluidized bed)
800 -900
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2.7 (Structure of Actived carbon )
) 1 1Z
7
2.7
(Ordering of Carbon atoms in a crystal of graphite )
- Jankowska 11991
1-10
Poly vinyl chloride ~ Poly vinyliodine 1000 1720
45 33 18 63
2000 16 22

1000 1500
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(Dubinin 1
1966 ) 3
(Macropores) 500
Macropores 02-08 05
Macropores
(Mesopores ) ' Transitional pores
20 500 01 - 05
20 - 100
(Silica gel ) (Alumina gel )
(Amino silicate catalyst)
( Micropores ) 20 Active
carbons 0.2-0.6
( Adsorption energy )
. (Pore size distribution )
2.8
200 - 300
1 M %
3
7 2
"1400 500
A 800 1000 1

12539 )



2.8

2.8

Antracite based active carbon

Bituminous coal based active carbon

Peat basedactive carbon

Lignite-based active carbon]

Lignite-based .active carbon2

- Bansal and coworker 11988 )

(Redriguez-Reinoso et al, 1965)

1 (Pyrolysis)
1000

(Aromatic ring)
Vi

24



25

2
2.8,
400 500
Carbonyls, Phenols,Lactones, Aldehyde, Ketones, Quinones, Hydroguinone, Anhydride

2.9
200

a. Removed by 200 °c
b: Removed above 325 °c

2.9
Surface oxides on carhon surface
: Suzuki, 1990



2.10
: Mattson ,1971
2.8.2
Hydroxide,Carbonate
H R
211
: Bansal, 1988

K.Gergova (1993)

800

26

900
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2.5
Content of surface functional groups
mg-eq g ‘1
=) 0@ OH 0.05
Apricot stones 321 0.02
Grape seeds 1.32 2.05
Cherry stones 142 1.90
- K.Gergova 11993
2.9
(Adsorbate)
(Adsorbent) 3 (Exchange
adsorption) (Physic or Ideal adsorption)

(Chemisorption or chemical adsorption)

"Adsorption Isotherm”
4 2.12



28

Different types of adsorption isotherms ( N2at 77 K) on icroporous carbons
(Reprinted with permission from Ref.20)
2.12
: Rodriguez-Reinoso, 1965

(Jankowska,1991)



(Chemisorb or Chemical adsorption)

Adsorption isotherm
Brunauer, Emmet & Teller BET isotherm
Langmuir

Freundlich isotherm equation

log Qe = log Xm + k logCe
Langmuir isotherm equation
CelQe = 1xmk + ce/xm
Qe -
Ce = equilibrium concentration
Xm = Monolayer
capacity)
k = adsorption enthalpy
2.10

Spectrophotometer

29

( Physical adsorption )

f

Freundlich, Langmuir
Freundlich
Activated carbon

(Adsorption



30

(Hassler, 1974) 2.13

2.13 5
2.10. .
Surface area ( Adsorptive power )
2.6 30 Surface area 815
Aniline blue  0.14
45 Surface area 1065 "
Aniline blue  0.28 2 Surface area
250
Aniline blue 10
20 Surface area 402 600 :

0.09 0.15 .
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Timelof activation Surface area Adsorption

minutes m2g Carbon Phenol Aniline Blue
10 402 0.09 0.05

20 600 0.15 0.11

30 815 0.15 0.14

40 990 0.15 0.20

50 1065 0.15 0.28

- Hassler, 1974

1Air activation of acid-wash black-ash at 550 °c
2Gram adsorbed per gram carbon at an equilibrium in solution of 0.1 g/l

2.1
Power Adsorption D
Surface area 2/g Carbon 3 lodine ' Molass collour
770 0.60 0.20
902 0.62 | 1.6

: Hassler,John .,1963:216

a: Anthracite pre-roasted with alkali, then washed and steam activation at 75 oC
b: lodine adsorption expressed as ¢ iodine'g carbon ;
molasses adsorption as colour unit adsorbed /g carbon

3



Gergova.K (1993)

Copper ion 2.8
2.8 Copper ions

Surface area, cm2g

Apricot stones 1175
Grape seeds 487
Almond shells 946
Nut shells 904
Coconut shells 700
Lignite Mariza Iztok 600

‘Gergova.K etal.1993:329

2102 pHLL

2-65 - Cu  pH=4-7 Ni

, Seco, Aurora et al.(1977)

Adsorption capacity
for copper ions, mglg
6
24
22
38
20
62

100 % pH

2.9

32

Cu

(Darco 12-20 Mesh ) 20°C
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Initial Metal ~ Metal removed 1mgl/g (GAC)

pH
4 5 6 7
0.30 0.24 0.29 0.30 0.30
Cu 0.60 0.43 0.55 0.59 0.60
1.21 0.71 1.02 1.16 1.19
248 1.08 1.76 2.22 2.33
Ni 0.28 0.03 0.09 0.19 0.26
0.54 0.05 0.14 031 0.45
1.17 0.07 0.21 051 0.85
2.25 0.09 0.28 0.73 1.35

: Seco,Aurora et al.,1997:27

2.10.3 ( Temperature and Contact time)
(Pb) Kaolinitic Clay Orumwense .Faraday
F.0.(1996) 30 50 !
5.203 8.612 pH 5.5 ! 10
Adsorption capacity 50 :
Gupta, G.s. etal. (1988)  vn Omeca Chrome Red ME fly
ash 120 99
69 % 5 20 30
pH =4.2
2.10.4 fly ash
‘ , (Poots et al., 1976 ) 10
64 - 91 % Fly ash 125 53

30
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211
Kirubakaran.C.J. et al.(1991) ,
nCl2 - H¥P04
2.11
120
1 2
200
30
120
2
2
!
0.515
2.10 Kirubakaran.C.J.
Variable Static Bed Fluidized Bed
1. Particle size (dp) 0.25-0.4,0.4-0.63,0.63-0.80,0.8-1.0,1.0-1.2
2. Activation temp. 1°C 300,400,500,600,700,800
3. Activation time 1min. 30,60,90,120,150.180
4. Reagent selection H3P04ZnCI2 125,50,100,150
5.Impregnation ratio 200

(LR.),wt%



: Kirubakaran,C.J.,1974

ZnCl2
ZnCI2(732 )

ZnCIL

ZnCI2
1000

Mukherjee, and et al.,(1974)

250 300

ZnCl2

HCI

L] \ A
- IroHA

35

H3P04(213 )
25
H3P04
1100
800
2
ZnCl12,CaCl2, NaoH H2504
600 800
200
ZnCL
ZnCI2
ZnCl2
3
ZnCI2
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NaOH 2 04
ZnCI2 62.5
67 300
ZnCI2 ' ZnCI2
ZnCI2
CaCl2
Johnson et al,.(1977) 8x30
0.735
25 1000 /
760 860 60
10
1. 615 655
1. 315 299
;o 3.62 3.00
o 0.477 0.506
wt 8.57 8.12
: Johnson et al.,1977
Ninomiya et al.,(1974) 5
, 800 212 |

150



300
58

500

900

(2534)

316
10,20,30

20

40

383.4-623.5
58.2-221.0
662.9-1030.8

10-15

44

1 1

805

448
38.2
123

30 . 850

243.2-510.4
64.1-191.0
442.0-832.3

20

(30501

37
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(2534)
ZnCI2
(Muffle furnace®
300 °Q 2 2-5
316
4 . 12 50 900
1 0.17
600 : ZnCI2:
( 316
17x19.5x53 ) 300 °c 2 2-5
ZnCI2 50 3 ZnCI29
(Muffle furnace) 500 30
362-376
1088 -1117
(2537)
500 2 ..
119 168
0.44
1800 1900 1,000 1,300 250
350 10 15 30
40
(2540)
400 1
3150 1 6.24 |
20176 64.48 900

1 0.355 - 0.85



931 1 1 0.53
M9 136.96 1
4r+0 117+6
pH =2
(2523)

pH =1

200
10

(2.00 - 4.76 ) 500
40, 45 50 55 60 90 105, 110 130
30 - 130

700 - 1050

" (2532)
(55 30 )
110

800 900 123 4 ..

V, 900 4 e
1200 /
881

(2539)

39

670.1

(Rotary kiln)

4 -10
301
1540
5311
30-42
0.31-0.59
60
5
500
35
20
296
8
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400 500 5-11
400 01 (45 )
9 ) 47,0
68.25 25.02 6.93
' ! ! 45
30
800 - 900 0355 - 05 105 -10 10 - 20
45160 75
900 10 - 20
60 10 420
945 185
795.35 856.94
250.63
Kagawa-S Nakamura-T Noda - K lkawa - T (1992)
Walnut Shell
1 Macropore
2, 1173 K
3 BET Micropores
2x 105
4. Activated carbon Micropores Macropore volume
Mesopores Hexane - benzene
Walnut shell Synthetic Zeolite 5A Walnut shell
Similzis-J  Sfyrakis-J (1994)
Lignocellulosic  biomass Olive Ol
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lignin Carbonaceous
Methylene blue Alizarin yellow
Dalai-AK Zaman-J Hall - ES Tollefson- EL (1996)
Bienfait lignite 1 Roselyn
Montgomery 1Atlas - Century and Egg Lake subbituminous coals 1Coals Valley — Smoky

River bituminous coals Fixed Bed Reactor Spouted
Bed - kiln System GAC 05-40 650 - 850
' ‘ 500 500 /. Smoky
River Bienfiat lignite 545 Yield 29
650 Mongomery Atlas-Century coals
620 579 Yield ¥ A 700
650 3 Roselyn coal
730 Coal Valley!
370 650 2
571 760 1
1 ' 5 45 23 - 67
Fixed Bed Spouted Bed - Kiln Reaction System Fixed
Bed System
Gergova-K Eser-S Schobert - HH Klimkiewiez - M Brown - PW (1995)
(Porosity” L 50
6
Microporous structure
Mckay-G Alduri-B (1990) 3 Basic-Blue 69 (Astrazone
Blue) , Basic Red 22 (Maxillon Red) ~ Basic Yellow 21(Astrazone Yellow)
800 , 535
635 Langmuir 1

Freundlich Redlich Pederson
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Guzel-F (1996)

Methylene blue (Cationic) ~ Metanil yellow (Anionic) 298
Methylene blue Metanil yellow
Methylene blue

K.Gergova N.Petrov & V.Minkova (1993)
Apricot stone, Cherry stone  Grape seeds

600,650 700 12 3
211
I
(%owt) o A
Apricot stones 18.16 1175 894 285
Grape seeds 26.23 487 607 192
Cherry stones 1117 836 907 185

', Apricot stones
, ' Grape seeds  Cherry
stones t: (I

0t
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7212
1% % /
Apricot stones 30 37 58 1.23
Grape seed 30 49 48 1.63
Cherry stones 28 40 55 143
2.13
I " ta]. Vﬂmicro A2meso V%neacro
(Yowt) cmdg cmdg cmdg cmdg
A
120 415 0.74 0.34 0.05 0.35
8.5 311 156 0.33 0.16 107
J.H.Potgieter (1991) Methylene blue
Methylene blue (Analytical-grade)
25 ‘ 0.001 : 0,100 Flask 250
Flask 100 /. 2
MB Spectronic 20 spectrophotometer 630
2.14 25°C
Activated Initial MB mass ~ Final MBmass ~ Mass of MB [MB]
carbon mass  hefore adsorption  after adsorption  adsorbed | after adsorption
(mg) (mg) (mg) (mg) (mg/dm3)
1 2.50 199 0.51 199

5 2.50 1.08 142 10.8
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Activated Initial MB mass ~ Final MB mass ~ Mass of MB [MB]
carbon mass  before adsorption  after adsorption ~ adsorbed after adsorption
(mg (mg (mg (mg (mgldm3
125 2.50 0.35 2.15 35
25 2.50 0.10 240 10
30 2.50 0.07 243 0.07
100 2.50 0.02 248 0.02
Sheng H.Lin (1993) (C.I Disperse Red 60)

Activated alumina, Powder activated carbon (PAC), Molecular
sieve, Sawdust, Granular activated carbon (GAC) Diatomite ’ 05 1
101520 25 1 150 ppm.
2.14

(a) Activated aluminum

(b) Powder activated carbon (PAC)
(C) Molecular sieve
(
(

d) Sawdust
e) Granular activated carbon (GAC)
(f) Diatomite
2.14
Sheng H. Lin (1993) (CI Disperse Red 60
) 1 15 PAC ( Sawdust 100 C
24 ) 325-400 100
25,75 150 150 ppm. PAC

100-230,230-270 210-325 ! Spectrophotometer (Model
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TC-1 Tokyo Denshoku) PAC
2.15
2.15 Powder activated carbon (PAC)
150 ppm
AR. Bowers and c.p. Huang, 1980 Chromium (V)
Vv pH 25
Toyokichi Cr (VI)
100 ppm. crol ol 1
cro:" 0.1 ppm.
Tagashira et al. 200 KX 7 (534
ppm. Cr)rru 5 | " (100-200  15%,200-325  15% <325
70T0) Autoclave 200 30 Cr

(V) 0.1 ppm
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Tsuda 10 NaXr0750 . 5 Activated carbon
Flask 2 25 Cr03 387 33% pH
3 7
K.K.Panday,Gur Prasad and V.I\I.Singn,1984V) Cr(VI) Fly
ash  Wollasto ite(1:1) Cr(V1) 1pH
Cr(VI) pH 2 30 i
KX 7 06 M  6xlo4M Cr(Vl)ly  Fly

ash  Wollastonite (1:1) Langmuir plot

C 1 ¢

Xim- KX2. K2

c = KCrD 7 ng/l
Xim = Cr(VI) 1mglg

KILK2 = Langmuir's constants

c.(mg/l)

2.16 Langmuir plot CrM)  Flyash  Wollastonite(1:1) 30
pH =2
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