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, 2531 )

(peat)

»«

ft

tif Ui



(hagases)
(beet-sugar sludges)
(blood)
(bones)
(carbohydrates)

(cereals)
(coe

I (coconut shells)

(coffee beans)

(com cobs and cornstalks)

(cotton seed hulls)

(dlstillery waste)

(kelp and seaweed)

(lampblack)
(leather waste)
(lignin)
(lignite)
(molasses!
(nut shell)
(l shale)

(peat)

(etroleum acid sludge)
(petroleum coke)

(fish) fl

(flue dust) (otassium ferrocyamde resiue)
(fruit pits)
(oraphite) (pulp-mill waste)
(wood), (sawdust) (rubber waste)
(artificial char )
( natural char)
2 (Berl, 1938)
(hard artificial char) '

(soft artificial chay) |



22

22

(Bansel and coworker, 1988)

4045
4042
3540
4045
5570
65-80
7085
7075
859

0560
5560
58-60
5560
2540
2030
1520
1015
510

0.400.50
0.500.80
0.30040
140
1.001.35
1.201.50
135
145
1.501.80

0311
03-1.2

0.006
5.060
2012
0.00.7
515
2-15

(carbonization!

(nore volume)

(micropore volume)

B

(activation )



|

21 7 f (carbonization) (Hassler. 1974)

2.2 (actvation) (Hassler, 1974)
?

Mukherjee (1947)

(pyrolysis)
f(tar)

(active surface area)

(active centers)

?

? (aromtization)

2 1
2 ! 2p
(Sp2 hybriclization)
3

2

2

(Sigma bond)

2p



(pbond)

(resonance)

2.1

2.2



llll| mia . O

| %

@@ A1143aK @@@ S0
: 3

(.nma) - (@0unuihe) _
000 UH000%0”
Q @r
AT
(Z7a74) (eamudiuins (Wa3)
2.2
OC) (M)
2
2.1 (chemical activation)
? ( ZnCy
' (Cah) IHPO:)

(400-600 )

10



222 & (physical activation)

, (@)

]
1200 1

(Hassler, 1967)

l ! !

(700-1200 )

2 ( Rodriguez-Reinosa and Lamres-Salano, 1965 )
C+ 20 0 + 2 AH = +1185 Idmol™ (1)

CO+ HO <> Clh + 2 ah =-823 kimoH (9

n



O Langmuir-Hinsheiwood

r = k PHO

1 + KIPH0 + K2PR

P20 PH 2< 2, k=

4
C+Cl < 200 AH = +159 kJmg}-!

r N PO
1+ KR+ KR
PCQ2 PG ' oc2 (0 k=
|
6 I
C+(2 ?7=1- 02 Ah=-406< o-
C+<e M 20 Ah =-123 kimol 1

(Smisek, 19701

©)

12



Erqun Mentser (1965)

@
8
20+Q , - RH+G
G
g — C0+np
D12 2
1 0

(carbon monoxide, QO)

00+ G Clh + O

13



Ergn Mentser

1000, 1100 1200 4
(film boundary diffusion)
3
31 v
, ' (microporous  structure)
, ( , 2531)
(chemical activated carbon)
(physical activated carbon)
(micropores)
o, 15 ,
(transitional pores or mesopores) 1 15 100
(catalytic reaction) (macropores)
100
(gas adsorhents)
(rerd artificial char) , (colour adsorbents)

(soft artificial char)
(metal adsorhents) ,

14



(owcler activated carbon)

5-100 (oranular activated
carbon) (binding
agent) f (tar)

32
(23
(Benzal) ,
] ) f ]

(organic sulfur)

(activated carbon bed)
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odium acetate)

(S

.

(cafei

reptomycin),

(st

(catalyst carrier)

(hydrogenation),

)

(catalyst suppo

roxyl aminophenylarsomc acid)

(hye
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33

(capillary tube )

Dubinin (1966)
(macropores)
0208
4
( esopores)
15-16 1,000-2,000
05 20-100
(Silica gels)
(aminosilicate catalyst!
(micropores!
029.6
1,500

(acsorption- energy)

17

1,000-2,000
05

(transitional pores)
01-

(alumina. gels)

15-16

(pore size distribution)

(24
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Fore voluma, cmIzcnd pacticle

Q-

07 Coconut shell-
bazed

01— Z%Exuvecm

]

03

0.0 9
- e U

w0

o © o

Anthracitc-
based
active carbon

o~ Bltuminous coal
Bized-
2 active carbon

I I

|

Lignite-d3secd
active cardon 1

Lignize-dased
active cardon 2

25

(Bansel and coworker, 1988)

Linared - Soloso, 1965)

19

(Rednguez Reinoso and
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200-300
N %
(Basalplanes)
2
400 500
800 1000
34
! 0y 1
(pyrolysis) 1000
(aromatic ring)
(double

bond)

(resonance)

2.6
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(Unsaturated  valencies)

(chemisorh) 400 - 500
?
1,000

(halogen)
(Bansei and coworker, 1988!

2 1
2
Vander Plas (1970)
)
2
] (
28,29 ) ' ' 1 carbonyls, phenols, lactones, aldehydes, ketones,
quinones, hydroquinone, anhydride ?

? 200



| i .
Principal types Q acidic oxygen surface functional groups:
(a) carboxyl, (b) phenolic, () cuiaonoid, (d) normal lactone, £e) fluorescein-type
lactone, (0 anhydride originating from neighbouring carboxyl groups

28 (Jankowska, 1991)

CI0H B COOH
la COOH

i i

N\

[}

v
H
Hi CH
l
Open ovpe Lactone type

Surfacc 0X:Z or. ."or.surface. { Carboxyl group. 2 : Rimovid
by 2C0:C, b : Rerr.0'-rj 20C-: 325:c, Il  Carboxyl group which exiscs IS
laccoi group. 1l p-.cr.oiic hydroxyl group. 1V : Carbonyl group.

2.9 (Suzuki, 1990)
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H.
£ P
@) O CH,O 0O
! gR'CHN_N‘RCI c":a
R—C\ / s i 242 \/ '
E c
H H
O

2 210 (Mattson, 1971)

800 900
%
hydroxide, carbonate (; 2.11)

900

1,200
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(0) @ o
O W N | \/"\/
I \}! or /’l\)<? J‘\:J\/\/"l\
Cc:a F /\0/\\

n

Functional groups ofcasic character: () chromene

(') pyronc-libc

211

Dubinind966) A

| 21
(Bansel and coworker, 1988)

"(Jankowska, 1991)

o

A



2%

}EOC(; cooctt
HOAA i
2 CT‘}VO\CI‘::?}—:@C-H;/!\/'\./I\‘/COOH
nog\/i\/\/\o 5,CO ! : H
S G Nk dnk
Moedel of a {ragmeat of 2a oxidized active carson surizes
213 f
+ Jankowska (1991
35
35.1
! (218} ()
= (mAmNA)JL0-18  2q (14)
m = ( )
Am = ( '
= (Avogado's number!
m (Langmuir egation)

(Dubinin-Radushkevich-Kaganer, DRK)
(Brunauer-Emmett-Teiler, BET)

BET 1
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f
2.3
2.3
(Hassler, 1974)
RELATION OF SURFACE AREA TO SPECIFIC ADSORPTION POWER
Time of activation Surface area Adsorption
minutes sq Mig 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
45 1065 0.15 0.28
Air-activation of acid-wash black-ash at 550 °C
Gram adsorbed per gram carbon at an equilibrium concentration in solution of 0.10
o/liter

15
PIPO PIWPOP] (* 2.15)
(C)WmC | m
p 1 +C-1.°P (15)
W(PO- P n n [



= exp [(q -qu)RT]
- = 7
o ?

?IU&IM «_Carpocacl
Hata.cira** Aum» 3 Ul u$»4 c»»|erpnaa titZmm faport

C”Mr araLos 1\a
”m|0n;';';';';';';'° i
i ﬁ% QJH factor e'fs% el 3l
i e e
ftiiti-foint sa

1/7CHCCPo/ZP)~1)])

3.73 ] : s : Y
3.23 8.35 §.03 L L3 1S 2.8 .45 2.7 1:1Ss 1.1

ld;hwlﬁnmrcdﬂ%)

X-AXIs sQ_Z
SO L

’gﬁﬁe*z‘gm*“ g0 £ 2 LT «.

2.14

352

28
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10
( ] , 253)
353 2 "
0.3 0.5
(
354 2 ?
(methylene blue)
( 21y 15
(Hassler,  1974)
( 2.16) 0.025
25 100
175
200 350
2
[CH3)s M— g N(CH;),
@
cI®

2.15
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154

Concentration of methylene blue { mgh )

'Ab'éo'a'zo’{eo',i,o'zhr
Time ('min )
the adsorption process of methylene blue on activated carbon at 5T

Kinetic data
2 216 ' fi ' 25
(Potoieter, 1990)
355 ?
2
10 (Hassler,1974)
ASTM (American Associate Testing Method)
0.02

I

800
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