
CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Activated carbon<6>

Activa ted  ca rbon (6) is a p rocessed  ca rbon materia l w ith a h igh ly deve loped  

porous struc tu re  and ล la rge  in terna l spec ific  surface area. To take a look a t a cross  

section o f an activa ted  ca rbon  pa rtic le , it looks like a beehive. It consists, p r in c ip a lly  o f 

ca rbon (87 to 97%) bu t a lso con ta ins such e lem ents as hydrogen, oxygen, su lfu r and  

n itrogen, as well as va rious com pounds e ither o rig ina ting  from  the raw materia l used in 

its p roduc tion  or gene ra ted  du ring  its manufacture.

A ctiva ted  ca rbon  has the ab ility  to adso rb  various substances both from  the  gas  

and liqu id  phases. It is w id e ly  used fo r adsorp tion o f po llu tants from  gaseous and liqu id  

steams, fo r recovery o f so lven t and as a ca ta lys t or ca ta lys t suppo rt. เท the nuc lea r 

industry , activa ted ca rbon  is used fo r adsorp tion  o f iod ine and nob le  gases from  
gaseous effluents. One o f the m ost im portan t fie lds in te rm s o f consum ption  is in w a te r 

and wastewater treatment. To ob ta in  these activa ted ca rbons from  cheap  and read ily  

ava ilab le  p recu rso rs becom e an in teresting ob jective.

A dsorp tion  on activa ted  ca rbon is se lective, favo ring  nonpo lar over po la r  

substances and in a hom o logous series, gene ra lly  im prov ing w ith increas ing bo iling  

point. A bsorp tion  is a lso im proved  w ith increased pressure and reduced  tem pera tu re . 

Reversal o f the phys ica l abso rp tive  cond itions (temperature, pressure , or concentra tion ) 
more or less com p le te ly  regenera tes the ca rbon activ ity, and frequen tly  a llows recovery  
o f both the  ca rrie r flu id  and absorben t. C om pared w ith other com m erc ia l absorben ts , 

activa ted  ca rbon  has a boa rd  spec trum  o f abso rp tive  activ ity , exce llen t phys ica l and  

chem ica l stab ility , and ease o f p roduc tion  from  read ily  ava ilab le , frequen tly  waste

materia ls.
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La rge -po re  deco lo riz ing  ca rbons are used in liqu id  phase work. A pp lica tions  

in c lude  im prov ing  the co lo r o f m anufactu red chem ica ls , o ils, and fats, as well as 

con tro lling  odor, taste, and co lo r in po tab le  wa te r supp lies , beverages, and som e foods. 

G as-abso rben t ca rbons are genera lly harder, h ighe r-dens ity , fine r pore types useful in 

gas separa tions, recovering so lvent vapors, a ir cond ition ing , gas  marks, and suppo rting  

metal sa lt ca ta lysts, pa rticu la rly  in the p roduction  o f v iny l-res in  monomers.

2.2 Raw  m ateria ls fo r the production o f activa ted carbon*6 7)

The p rinc ipa l p roperties o f m anufactured ac tiva ted  ca rbons depend  on the type  

and p rope rtie s  o f the raw materia l used. Any cheap  subs tance  w ith  a h igh ca rbon  and 
low  ash con ten t can be used as a raw materia l fo r the p roduc tion  o f ac tiva ted  ca rbon . เท 

Europe the most im portan t raw  materia ls used fo r th is pu rpose  are w ood (sawdust), 
cha rcoa l, peat, pea t coke, certa in types o f hard and brown coa l, and the  sem i-coke o f 

brown coa l. To p roduce  activa ted carbon , wh ich  shou ld  e xh ib it h igh adsorp tion  capac ity  
and a la rge  vo lum e o f the sm a lles t pores (m ic ropores), coconu t she lls are usually used. 
เท the USA, brown ca rbons and petro leum  p roduc ts  are w id e ly  used fo r m anu fac tu ring - 

activa ted  ca rbons. Sources o f materia ls tha t have been s tud ied  fo r the  p roduc tion  o f 
ac tiva ted  ca rbon  are listed as fo llowed.

Bagasse

Bones

C a rbohyd ra tes

Cerea ls

Coal

C oconu t she lls  
Coffee beans

Corncobs and com  Leather waste  Petro leum  ac id  s ludge

D istille ry waste L ign ite  Petro leum  coke

M olasses  

Nut shells  

Oil shale  

Peat

Fish

Flue dust 

Fruit p its  

Graph ite

Kelp and seaweed

Pulp-m ill waste  

Rice hulls 
R ubbe r waste  

Sawdust

Polymer sc rap  W ood

Bee t-suga r s ludges Stalks
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2.3 P roduction o f activated carbon

A ctiva ted  ca rbon is usually p roduced  by  the ca rbon iza tion  and activa tion  o f 

ca rbonaceous materia ls.

2.3.1 Carbonization (or p y ro ly s is )<6)

The p roduction  o f ac tiva ted  ca rbon by the  s team -gas method must meet certa in  

requ irem ents. Am ong wh ich  the most im portan t are: (i) low  con ten t o f vo la tile  matter, (ii) 

h igh con ten t o f e lementa l ca rbon , (iii) de fin ite  po ros ity  and (iv) su ffic ien t s treng th  o f 

attrition. Raw m ateria ls do  not meet all these requ irem en ts s im u ltaneous ly and there fo re  

they requ ire  carbon iza tion .

This is one o f the most im portan t s teps in the  p roduc tion  p rocess o f ac tiva ted  
ca rbons s ince  it is in the course o f ca rbon iza tion  tha t the in itial porous struc tu re  is 
fo rm ed . During carbon iza tion most o f the non -ca rbon  e lem ents, hyd rogen and oxygen  

are firs t rem oved in gaseous form  by pyro ly tic  decom pos itio n  o f the starting materia l, 
and the free  a toms o f e lem entary ca rbon  are g rouped  into o rgan ized  c rys ta llog raph ic  

fo rm a tions known as e lem entary g raph itic  c rys ta llites . The mutual a rrangem en t o f the  
crys ta llites  is irregular, so that free in te rs tices remain be tween them  and appa ren tly  as 

the result o f deposition  and decom pos ition  o f ta r subs tances , these becom e filled  or at 

least b locked  by  d iso rgan ized  (“am orphous”) ca rbon . There are th ree c lea r s tages in 
the ca rbon iza tion  p rocess: (a) loss o f w a te r in the 27-197°c range; (b) p rim ary pyro lys is  

in the 197-497°c range w ith evolution o f m ost gases and ta rs w ith  fo rm ation o f the  bas ic  

s truc tu re  o f the  char; (c) conso lida tion o f cha r s truc tu re  a t 497-847°C w ith  a ve ry  small 

w e igh t loss. The resulting ca rbon ized  p roduc t has on ly  a ve ry  small adso rp tion  capac ity . 
Presum ably , a t least fo r ca rbon iza tion at lower tem pe ra tu res (400-600°C ), pa rt o f the ta r 
remains in the pores between the crys ta llites  and on the ir su rface . A  ca rbon  w ith  a la rge  

adsorp tion  capac ity , however, can be p roduced  on ly b y  ac tiva ting  the ca rbon ized  
m ateria l under such cond itions tha t the ac tiva tion  agen t (steam , ca rbon  d iox ide , etc.)

reacts w ith the carbon .
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2.3.2 Activa tion '6 7>

Generally, there are two main types of production of activated carbon :

2.3.2.1 Chem ica l activation

For chemical activation16,7 8> 1 the common chem icals used  are dehydrating agent 
such as ZnCI2, CaCI2, MgCI2 and som e acids such as H3P 0 4 and H2S 0 4. The activation 
agen t influences the pyrolytic p ro cesses  so that the formation of tar is restricted to a 
minimum and the am ount of the aqueous p hase  เท the distillate is also less than that in 
the normal carbonization. The activation agen t also ch an g es the chemical nature of the 
cellulose su b stan ce  by dehydration, which d eco m p o ses the organic su b stan ces by the 
action of heat and prevents the formation of tar.

Chemical activation181 is usually carried out at tem peratures from 400-600 °c. 
These tem peratures are lower than those n eed ed  for activation with g aseous agent 
(physical activation). An important factor in chem ical activation is the degree 
(coefficient) of impregnation; this is the weight ratio of the anhydrous activation salt to 
the dry starting material. The effect of the d e g re e  of impregnation on the resulting 
product is apparen t from the fact that the volume of salt in the carbonized material 
equals the volume of pores. For small d eg ree  of im pregnation the increase in the total 
pore volume of the product with increase in the d eg ree  of impregnation is due to the 
increase in the num ber of small pores. When the deg ree  of impregnation is further 
raised, the number of larger-diam eter pores in creases and the volume of the sm allest 
d ec reases . The most widely used  activation ag e n ts '31 are  :
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Aluminum chloride 
Ammonium chloride 
Borates 
Boric acid 
Calcium chloride 
Calcium hydroxide

Chlorine
Hydrogen chloride 
Iron salt 
Nickel salt 
Nitric acid 
Nitrous g a se s

Phosphorus pentoxide Sodium oxide 
Potassium metal Sodium hydroxide
Potassium hydroxide Sulfur dioxide
Potassium perm anganate Sulfuric acid 
Potassium sulfide Zinc chloride
Phosphoric acid

2.3.2.2 Physical activation17 91

The basic m ethod of activating coal-based  granules consists of their treatm ent 
with oxidizing g a se s  (steam, carbon dioxide, oxygen) at elevated tem peratures, เท the 
activation process, carbon reacts with the oxidizing agent and the resulting carbon 
oxides diffuse from the carbon surface. Owing to the partial gasification of the granules 
or grains, a porous structure builds up inside them. The structure of the carbonization 
product consists of a system  of crystallites similar to those of graphite bonded  by 
aliphatic type bonds to yield a spatial polymer. The sp a c e s  between the neighboring 
crystallites constitute the primary porous structure of the carbon. The pores of the 
carbonized granules are often filled with tar decom position products and are blocked 
with am orphous carbon. This am orphous carbon reacts in the initial oxidation step , and 
as a result the closed pores open and new ones are formed. เท the p rocess of further 
oxidation, the carbon of the elem entary crystallites enters into reaction due to which the 
existing pores widen. Deep oxidation leads to a reduction in the total volume of 
micropores due to the burning off of the walls betw een the neighboring pores, and in 
consequence  the adsorptive properties and m echanical strength of the material 
decrease .

เท the first s tag e  of activation181 1when burn-off is not higher than 1 0% (which 
occurs at low reaction times), this disorganized carbon is burnt out preferentially and the 
closed and clogged pores betw een the sh ee ts  are freed. เท the course of further 
activation at the second  stage, carbon of the aromatic sheets is burnt. When the burn-off 
is less than 50%, a m icroporous activated carbon is obtained; when it is large than 75%
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(which occurs at high reaction times), a ทาacroporous product is obtained; and when the 
burn-off is between 50 and 75% 1 the product is of mixed structure and contains both 
ทาicro-and m acropores. Development of m acropores due to coalescence  or widening of 
m icropores unde fast reaction conditions.

Carbon oxidation'6’ is a com plex heterogeneous process encom passing the 
transport of reagents to the surface of the particles, their diffusion into the pores, 
chemisorption on the pore surface, reaction with carbon, desorption of the reaction 
products, and diffusion of th ese  products to the particle surface. The concentration 
profile of the oxidizing -agent of the granule volume, and hence the formation of the 
carbon porous structure, d ep en d s  of the rate of the particular steps of the process. At 
low tem peratures the rate of the chem ical reaction of carbon with the oxidizing agen t is 
small, so it is this reaction that limits the overall rate of the process. This results เท a 
dynamic equilibrium becom ing established betw een the concentration of the oxidizing 
agent in the pores and that in the inter particle sp aces . เท such a c a se  the activation 
process yields a hom ogeneous product with a uniform distribution of the pores 
throughout the whole volume of the granule. With increase of the oxidation tem perature, 
the rate of the chem ical reaction increases much faster than that of diffusion, and then 
overall rate of the p rocess becom es limited by the rate of transport of the oxidizing 
agent into the granule. At very high tem peratures the oxidation reaction rate becom es so 
high that the whole oxidizing agen t reacts with carbon on the external surface of the 
granule. เท such a case, significant losses of the material occur due to superficial bum- 
off, and a porous structure is not formed.

The rate of the oxidation p rocess is limited by the reactivity of the initial 
carbonaceous material towards the oxidizing agent. The greater is the reactivity of the 
substrates, the lower the optimal tem perature of the process at which uniform formation 
of pores in the granule.
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-Activation with steam  (6,7;

The basic  reaction of carbon with w ater vapor is endotherm ic and a 
stoichiometric equation can be written in the form :

c  + H20  -----------►  H2 + CO A h = +130 kJ/mol

This p ro cess has been studied extensively since it dom inates not only the 
activation reaction but also the production of w ater-gas. The reaction of carbon with 
water vapor is inhibited by the p resence  of hydrogen while the influence of carbon 
monoxide is practically insignificant. The rate of gasification of carbon by water vapor is 
given by the formula:

v  = 1 +  k 2p„ “ไ  k 3p„1

Where : p H20 and p H2 are the partial p ressures of water and hydrogen, respectively, kv 
k2, k3, are the experimentally determ ined rate constants. The m echanism  of reaction of 
carbon with w ater vapor can be presented  with reasonable  confidence by the following
set of equations:

c  + h 20  < -  C(H20 )

c (h 20 ) --------------- ►  h 2 + C(O)

C(O) --------------- ►  CO

The inhibiting effect due to hydrogen may be assig n ed  to blocking of the active centers 
by its adsorption.

c  + H2 < p C(H2)
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A cco rd in g  to Long and Sykes'81 in the first step o f the reaction the adso rbed  water 

m olecu les d issoc ia te  acco rd ing  to the scheme :

2C + H20  ------------ ►  C(H) + C(OH)

C(H) + C(OH) ►  C(H2) + C(O)

H ydrogen and oxygen are adsorbed at ne ighboring active  sites, w h ich accoun t fo r 
abou t 2% of the su rface  area.

The reaction  of ca rbon and wate r vapor is accom pan ied  by the seconda ry  

reaction o f ca rbon  m onoxide  w ith w a te r vapor (the so -ca lled  hom ogeneous w ate r-gas  
reaction) ca ta lyzed  by the carbon surface :

CO + H20  *  C 0 2 + H2 A h = -42 kJ/mol

Reif(6) exp la ined  the p resence of ca rbon d iox ide  and the ca ta ly tic  surface e ffec t of 
ca rbon  by the fo llow ing  reaction :

CO + C(O) -4 -  C 0 2 + c

A c tiva tion  w ith steam  is carried out at tem pera tu res from  750 to 950 °c  w ith the 

exclus ion  o f oxygen  wh ich at these tem pera tu res agg ress ive ly  attacks ca rbon  and  

decreases the y ie ld  by su rface  burn-off. It is ca ta lyzed by the ox ides and ca rbona tes of 
alkali metals, iron, c o p pe r and other metal; the activa tion ca ta lys t usually em ployed เท 
p rac tice  are ca rbona te s  of alkali metals, w h ich  are added  in small am ounts to the 
materia l to be ac tiva ted . It was shown in Figure 2.1.
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Figure 2.1 Chen iica l reaction of cha r w ith ac tiva ted  by steam '31 

-Activa tion w ith ca rbon d iox ide  17,81

The rate of ca rbon gas ifica tion  w ith ca rbon  d iox ide  is desc ribed  by an 

express ion ana logous to that fo r the reaction w ith steam  :

v =  l  + k  ร ร้ + k A o l

Where : P c02 and p 00 are the partia l pressures. Two d iffe rent mechan ism s of in teraction  

of ca rbon d iox ide  w ith the ca rbon  surface are p roposed  :

c + co2 — ► C(O) + CO

C(O) — ► CO

CO + c — ► C(CO)

c + co2 — ► C(O) + CO

C (O )- — ► CO
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Activa tion w ith ca rbon  d iox ide  invo lves a less energe tic  reaction than that with  
steam  and requ ires a h ighe r tem pera tu re  850 -  1100 °c. The activa tion agen t used in 

techn ica l p rac tice  is flue gas to w h ich  a ce rta in  am oun t of steam  is usually added , so 

tha t actua lly th is is a case  o f com b ined  activa tion . The ca ta lys t fo r the reaction w ith  
ca rbon d iox ide  is ca rbona tes of alka li metals.

-Activa tion w ith oxygen (a ir)<89)

เท the reaction o f oxygen and ca rbon  bo th  ca rbon  m onoxide and ca rbon d iox ide  

are fo rm ed acco rd ing  to the equa tions :

c + 0 2 ------- ►  C 0 2 Ah = -387 kJ/mol

2C + 0 2 ►  2CO À H  = -226 kJ/mol

The using of oxygen as ac tiva ting  agen t p resen ts pa rticu la r d ifficu lties, wh ich  
are due to its exo therm ic reaction w ith ca rbon . เท th is case  it is d ifficu lt to avo id local 
overheating เท' the activa tion  p rocess. เท v iew  o f its h igh rate, the ca rbon  burn-o ff 

process p roceeds ch ie fly  on the su rface  o f the g ranu les , p roduc ing  h igh losses of 

materia l. เท many processes , oxygen activa tion  is co ndu c te d  at very low tem pera tu res  

and com b ined  w ith trea tm ent w ith w a te r vapor. Such a m ethod is most conven ien t when  

materia ls o f low reactiv ity are ac tiva ted .

2.3.3 Pyrolysis and steam  a c tiv a tio n 81

Usually the p roduc tion  o f ac tiva ted  ca rbons  invo lves two stages: the  

carbon iza tion  o f the raw materia ls fo llow ed by a h igh tem pera tu re  activa tion , at 800- 
1000 °c 1of th e ‘resu lting chars. The m ethod used in th is s tudy  com b ines the two stage  
into a s ing le  one, wh ile  the trea tm ent tem pe ra tu re  is cons ide rab ly  lower, 600-800 °c. 
This method is p re fe rab le  to the tw o -s tage  trea tm en t from  an econom ic po in t o f view. 
The schem e of a rrangem en t o f the ca rbon  atom  is p resen ted  in Figure 2.2.
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1 n m

Figure 2.2 O rde ring  of ca rbon  atoms (8).

During the pyro lys is  and steam  activa tion of ca rbon -con ta in ing  m ateria ls the  
fo llow ing  main p rocesses take p lace.

1 .O x ida tion -the rm o ly tic  convers ion of the ca rbon  materia l lead ing  to the 
accum u la tion  of oxygen-con ta in ing  g roups.

2. A  therm al des truc tion  p rocess inc lud ing  the decom pos ition  o f the oxygen  

con ta in ing  g roups accom pan ied  by the form ation o f ca rbon  ox ides and water.

3. C ondensa tion  p rocesses .

4. D eepe r pene tra tion  o f the wate r m o lecu les and open ing  up o f the in itia lly  

c lo sed  pores into the struc tu re  of ca rbon  materia ls.

2.4 Molecular, crystalline and porous structure of activated ca rb o n 6’

The g raph ite -like  m icrocrys ta lline  struc tu re  is the bas ic s truc tu ra l unit of 
ac tiva ted  ca rbon , as in the case o f ca rbon b lack. The o rde ring  o f ca rbon  a toms in an 
e lem en ta ry m ic roc rys ta llite  ind ica tes cons ide rab le  s im ila rity  to the s truc tu re  of pure  
graph ite , the c rys ta ls  o f w h ich  cons is t of para lle l layers o f condensed  regu la r hexagona l 

ring spaced  0 .335 nm apart. Such in terlayer spac ing  is d iagnos tic  of in teraction by  
means o f van d e r W aals fo rces. The length of the ca rbon -ca rbon  bond in ind iv idua l
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layers is 0.142 nm. Each carbon atom bonds with the three adjoining ones by m eans of 
covalent bonds, and the fourth delocalized TU-electron may move freely in a system  of 
conjugated double bonds of condensed  aromatic ring.

The formation of the crystalline structure of activated carbon begins early during 
the carbonization p ro cess  of the starting material. Thus se ts  of co n d en sed  arom atic ring 
of various num bers, which are the nascent cen ters of graphite-like microcrystallites, are 
formed. Although their structure resem bles that of a crystal of graphite there exist som e 
deviations from that structure. Thus, among other things, the interlayer d istances are 
unequal in crystals of activated carbon and range from 0.34 to 0.35 nm. Again, the 
orientations of the respective layers generally display deviations. Such deviations from 
the ordering characteristic of graphite, called “turbostatic structure". Disordering of the 
crystal lattice may be  cau sed  to a considerable d eg ree  both by its defects (vacant 
lattice sites) and by the p resen ce  of built-in heteroatom s. It is resulted from the kind of 
the raw material used , the nature and quantity of its impurities a s  well a s  the m ethods 
and conditions of the production p ro cesses of the activated carbon.

The average  activated carbons have a strongly developed internal structure (the 
specific surface often ex ceed s  1,000 and som etim es even 1,500 ทา2/g), and they are 
usually characterized  by a polydisperse capillary structure, featuring pores of different 
sh a p e s  and sizes. Bearing in mind the values of the effective radii and the m echanism  of 
adsorption of g ases , Dubinin*8’ proposed three main types of pore, namely m acropores, 
m esopores and m icropores.

M acropores are  those having effective radii >  100 -  200 nm and  their volume is 
not entirely filled with ad so rb a te  via the m echanism  of capillary condensation (it may 
occur only for a relative p ressure  of adso rbate  of nearly one). The volum es of 
m acropores are usually in the range 0 .2 -0 .8  cm 3/g and the maxima of volume 
distribution curves accord ing  to the radii a re  usually in the range 500-2000 nm. The 
values of their specific surface area  not exceeding 0.5 ทา2/g are  negligibly small when 
com pared with the surface of the remaining type of pore. Consequently m acropores are
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not of g rea t im portance in the p rocess of adsorp tion  as they merely act as transport 
arteries rendering the internal parts o f the ca rbon g ra ins a ccess ib le  to the pa rtic les of 
adsorbate .

Mesopores, a lso known as transitional pores, have e ffec tive  radii fa lling  in the 

range of 1.5 -  1.6 nm to 100-200 nm. The process o f filling  the ir vo lume w ith adsorba te  
take p lace via the mechan ism  of cap illa ry  condensa tion . For ave rage activa ted ca rbons, 
the vo lumes of mesopores lie between the lim its 0 .1 -0 .50 cm 3/g  and the ir spec ific  

surface area in the range of 20-100 ทา2/g. The maximum  of the d is tribu tion  curve o f their 

vo lume versus the ir radii is mostly in the range o f 4 -  20 nm. Mesopores, bes ides the ir 

s ign ifican t con tribu tion to adsorp tion , a lso perform  as the main transport arteries fo r the  

adsorbate .

M icropores have sizes com parab le  w ith those o f adso rbed  molecules. Their 
effective radii are usually smalle r than 1.5-1.6 nm and fo r ave rage activa ted  ca rbons  

the ir vo lumes usually lie between 0.2 -  0.6 cm 3 /g . The energy of adsorp tion  in 

m icropores is substan tia lly  g rea te r than tha t fo r adso rp tion  in m esopores or at the  
nonporous surface, w h ich  causes a pa rticu la rly la rge increase o f adsorp tion  capac ity  fo r 

small equ ilib rium  pressures of adsorba te . เท m icropores , adso rp tion  p roceeds via the 

mechanism  of vo lume filling. For some activa ted  ca rbon , the m icropo rous struc tu re  may  

have a com p lex nature, e.g. two ove rlapp ing  m ic ropo rous structure  : firs tly one for 

e ffective  pore radii sm alle r than 0.6-0.7 nm and te rm ed spec ific  m icropores, and the  

second ly  one exh ib iting pore radii from 0.6-0.7 to 1.5 -  1.6 nm te rm ed superm icropores. 

It is showed in Figure 2.3



Figure 2.3 Porous structure  o f activa ted carbon . 

A: m acropo re  B: m esopore C: m icropore.

2.5 Estimation o f the properties o f activa ted ca rbon(9)

The com m erc ia l use o f ac tiva ted  ca rbons , the ir transport, s torage and sales 

requ ire  know ledge  o f the p roperties of these materia ls. The m ethods fo r estim ating these  
p rope rtie s  are approved  by the m em bers of the A c tiva ted  Ca rbons Secto r G roup of the 

European Council o f Chem ica l M anu fac tu re rs ’ Federa tions (CEFIC). The tests require  
h igh ly p ro fess iona l labora to ries and advanced  equ ipm en t. Most of the testing methods  

have been deve loped  and app roved  by such o rgan iza tions as the Am erican Society for 

Testing Method- have been deve loped  and app ro ved  by such  organ iza tions as the 
A m erican  Socie ty fo r Testing Materia ls (ASTM), the  A m erican  W ater Works Associa tion  

(AWWA), the Deutsches Institu t fur Normung e.v. (D IN ), or the In ternational O rganization  

fo r S tandard iza tion  (ISO). เท th is work ASTM was used for es tim ating the p roperties of 

the resu lted  ac tiva ted  carbon .

2.5.1 B.E.T. Surface a rea '6’

To measure total su rface  area, nonspec ific  phys ica l adso rp tion  is requ ired, but 
even w ith  phys ica l adsorp tion  the isotherm  va ries  som ewha t w ith the nature of the 

adso rben t (the so lid). Most phys ica l adso rp tion  iso therm s may be g rouped into five
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types, as o rig ina lly  p roposed  by Brunauer, Dem ing, Dem ing, and Teller (BDDT). More  
recently, the g roup ing  has gene ra lly  been term ed the Brunauer, Emmett, and Teller 

(BET) c lass ifica tion . เท all cases the amount o f vapor adsorbed increases as its partia l 

pressure is increased , becom ing  at some po in t equiva lent to a monolayer, but then  

increasing to a m ultilayer, w h ich eventually merges into a condensed phase as the  
re lative pressure, P/Po approaches unity.

The most com m on method o f measuring surface area, and one used routine ly in 

most ca ta lyst s tud ies, is that deve loped  by Brunauer, Emmett, and Teller. Early 

descrip tions and eva luations are g iven by Emmett. เท essence, the Langm uir adsorp tion  

isotherm  is ex tended  to m u ltilayer adsorp tion . As in the Langmuir approach , for the first 

layer the rate of evapora tion  is cons ide red  to be equal to the rate of condensa tion , and  

the heat of adsorp tion  is taken to be independen t o f coverage. For layer beyond the first, 

the rate of adsorp tion  is taken to be proportiona l to the fraction of the lowest layers still 

vacant. The rate of desorp tion  is taken to be proportiona l to the amount p resen t in that 

layer (These assum ptions are m ade la rge ly for mathematica l convenience). The heat of 
adsorp tion  for all layers excep t the first layer is assumed to be equal to the heat of 

lique faction of the adso rbed  gas. Summation over an infinite number of adso rbed  layers 

gives the final exp ress ion  as fo llows :

(2.5.1)

where V

V.
Po

c

= vo lum e of gas adso rbed  at p ressure p 

= vo lume of gas adsorbed  in monolayer, same units as V 
= sa tu ra tion p ressure of adso rba te  gas at the experimenta l 
tem pera tu re

= a cons tan t re la ted exponen tia lly  to the heats of adsorp tion  

and lique fac tion  o f the gas



c = e{ql~qL)'RT (2.5.2)

where q , = heat o f adso rp tion  on the firs t layer

q L = heat o f lique fac tion  of adso rbed  gas on all o ther layers

R f  the gas constan t

If equation (2.5.1) and (2.5.1) are obeyed , a g raph of P/V(Po-P) versus P/Po 
shou ld  g ive  a s tra igh t line, the s lope and in te rcep t o f w h ich can be used to eva lua te  Vm 
and c . Many adsorp tion  data show  very good  ag reem ent w ith the BET equa tion  over 

va lues o f the re la tive p ressure P/Po be tween approx im a te ly  0.05 and 0.3, and th is range  

is usually used for su rface  area measurem ents. A t h igher P/Po values, com p lex itie s  
assoc ia ted  w ith the realities o f m u ltilayer adso rp tion  and /o r pore condensa tion  cause  

increasing deviation. W ith m icropo rous subs tances such as zeolites, the linear reg ion on 
a BET p lo t occu rs  at much lower va lues o f P/Po, typ ica lly  aroundO .01 or less.

2.5.2 Physical tes t(6)

-Bu lk density. The bu lk dens ity  is de fined  as the mass per unit vo lum e o f the  
activa ted  ca rbon  sam p le  in a ir in c lud ing  both the pore system  and the vo id be tween the  

partic les. The bulk dens ity  o f ac tiva ted  ca rbon , depend ing  on the shapes, s izes and  

densities of the ind iv idua l pa rtic les  is ind ispensab le  fo r de te rm in ing  the s ize o f unit 
packages.

2.5.3 Adsorp tion tests*10’

The adsorp tion  p rope rties  o f ac tiva ted  ca rbons are genera lly estim a ted  by 
dete rm in ing the isotherm s of adso rp tion  from  the liqu id  phase. The de te rm ina tion  o f the  

adsorp tion o f one test subs tance  from  an aqueous so lu tion is often in su ffic ien t fo r 
characte riz ing  the adsorp tion  p rope rties  of a ca rbon . Thus the p roperties o f ac tiva ted  
ca rbons are estim ated by com pa ring  the results o f measurem ents fo r d iffe ren t
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adsorba tes , e.g. by com paring  the adsorp tions o f fa iry ly la rge  m o lecu les o f methylene  
blue or iodine.

-Iod ine  adsorp tion . The s tudy of the p rocess of iod ine adsorp tion  and also the 
de te rm ina tion  of the iod ine num ber is a s im p le  and qu ick  test fo r estim ating the spec ific  

su rface  area o f ac tiva ted  carbon . The iod ine num ber is de fined  as the num ber of 
m illig ram s o f iod ine adso rbed  by 1 g of ac tiva ted  ca rbon  from an aqueous so lu tion when  

the iod ine  concen tra tion  o f the residua l filtra te is 0.02 N. If the fina l va lues ob ta ined  are 

d iffe ren t from  0.02 N bu t lie in the range o f 0 .007-0 .03 N, app rop ria te  co rrec tions are  

necessary . เท th is m ethod it is assum ed that iod ine at the equ ilib rium  concen tra tion  of 

0.02 N is adso rbed  on the ca rbon  in the form of a m onolayer, and this is the reason why  
there is a re la tionsh ip  between the iodine num ber o f ac tiva ted  ca rbon  and its spec ific  

su rface  area w h ich  may be de te rm ined, fo r exam ple , by the BET method. The spec ific  

su rface  areas o f ac tiva ted  ca rbons w ith h igh ly deve loped  ทาic ropo rous struc tu res as 

de te rm ined  by .the iod ine num ber method are too low. This is because  iodine is 

adso rbed  ch ie fly  on the surface o f pores much la rge r than 1 nm, wh ile  in ac tiva ted  

ca rbons  w ith  la rge spec ific  su rface  areas the p ropo rtion  o f very fine pores inaccess ib le  
to iod ine m o lecu les is s ign ificant.

-M e thy lene b lue adsorp tion. The m ethylene b lue va lue g ives an ind ica tion  o f the  

adso rp tion  capac ity  o f an ac tiva ted  ca rbon fo r m o lecu les having s im ila r d im ens ions to 
m ethylene blue, it a lso g ives an ind ica tion  o f the spec ific  su rface  area o f the ca rbon  

w h ich  results from  the ex is tence o f m esopores of d im ens ions g rea te r than 1.5 nm.

2.5.4 Physico-chemical T est<10>

-Vo la tile  m a tte r content. The in ternational s tanda rd  used fo r de te rm ina tion  of 

vo la tile  m a tte r in hard coa l and coke  is also a p p lica b le  to ac tiva ted  ca rbon . A  sam p le  of 

pow de red  (<0.1 nm) ac tiva ted  ca rbon  is heated at 9 5 0+ 2 5  °C for 7 m in+ 10  ร. Volatile  
m atter con ten t is de te rm ined  by es tab lish ing  the loss in mass resu lting from  heating an 

ac tiva ted  ca rbon  sam p le  under r ig id ly  con tro lled  cond itions.
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-Moisture content. A sim ple method of determining the w ater content is drying 
activated carbon in a dryer. The sam ple of pow dered (1-2 g) or granular (5-10 g) carbon 
is dried at 150 °c to constant weight (usually about 3 hr). The weight loss is ex p ressed  
a s  a p ercen tag e  of the weight of the original sam ple.

-Ash content. The ash  content in various types of activated carbon  varies over a 
w ide range, depend ing  primarily on the type of raw material. The relative ash  content 
also increases with increase  in the d eg ree  of burning off the coal during activation. Ash 
consists mainly of oxides and, in sm aller am ounts, of sulfates, carbonates, and  other 
com pounds of iron, aluminium, calcium, sodium, potassium , m agnesium  and many 
other m etals. D epending upon the type of raw material, it may com prise different and 
often fairly large quantities of silicon. The commonly used  m ethod of removing ash  is to 
activated carbon  with acids. Due to the com plex com position of ash, mixture of acids, 
e.g. hydrochloric or hydrofluoric acid, are often used  if ash  contains substantial 
quantities of silicon.

The ash  content of activated carbon can  b e  determ ined by ignition of the 
crucible in an electric muffle furnace. Ignition is conducted  at 650+25 °c for 3 to 16 hr, 
depend ing  on the type of activated carbon and dim ensions of its particles, to constan t 
m ass. The weight of the a sh ed  carbon is ex p ressed  a s  a p ercen tag e  of the weight of the 
original carbon  sam ple.

2.6 U ses of activated carbon <11,12)

The ad v an tag e  of using activated carbon  is that in certain circum stances a 
single s ta g e  of adsorption may replace several chem ical and  physical separa tions or it 
may permit separation  of com pounds of the sam e  boiling point. As sta ted  earlier, 
activated carbons a re  u sed  mainly in the purification and  decolorization of liquids and
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used mostly เก pow de r form  and derived from ce llu lose raw materia ls (abou t 85% o f total 
use). Some the advan tages of using activa ted ca rbon are listed below:

Dry-cleaning solvent. With the increase in d ry c lean ing  in recen t years, 

pa rticu la rly  in co in -ope ra ted  machines, the need has arisen fo r a conven ien t on the spo t 

m ethod o f pu rify ing  the solvents wh ich with the passage o f time because  con tam ina ted  

with oils and grease. These becom e rancid  as well as da rk co lo red  and im part 

obnox ious odors to the c leaning liquid. The odors are reduced  but not e lim ina tes by 

d is tilla tion  of the solvent. A ctiva ted  carbon has proved to be e ffective  in deco lou riz ing  
and deodo riz ing .

Sugar, th e  main action of the carbon is in deco lo riza tion  but it a lso removes  

n itrogenous subs tance  and lyophilic co llo ids. By do ing  so it im proves filtra tion, reduces  
foam ing du ring  evapora tion and increases the speed  of crysta lliza tion . When sa tura ted  

the ca rbon  is rem oved and regenera ted by heating in steam  and air at a red heat.

Water. W ater is usually treated with ch lorine to destroy bacte ria  but th is can at 

tim es im pa rt an unp leasant taste, which is espec ia lly  m arked when the ch lo rines has 

reacted  w ith m icro -o rgan ism s and w ith phenol. The bad taste becom es very no ticeab le  

when the supp ly ing  river is at a low level but it can be removed by trea ting the w a te r 
with ac tiva ted  ca rbon . This should be an increas ing market, pa rticu la rly  if the cos t of 

ac tiva ted  ca rbon  can be reduced.

Tyres. It has been found that white wall tyres retain the ir w h iteness be tte r if 

ac tiva ted  ca rbon  is inco rpo ra ted  in the re in forc ing ca rbon  b lack.

Pharm aceuticals, Activa ted  carbon has the p rope rty  of concen tra ting  the active  
com ponen t from  a broth. The desires com ponen t can be recovered from  the ca rbon  by 
solvents. Penicillin  was the first to be trea ted on a la rge  sca le  by this m ethod. W ith the  

in creas ing  em phas is be ing p laced on pollu tion by e ffluen ts it w ou ld  seem  that ac tiva ted  
ca rbon  may p lay an im portan t part in reducing this p rob lem .
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Foodstuffs. Here ac tiva ted  ca rbons are used to remove soaps and pe rox ides  
from  ed ib le  fats to p reven t po ison ing of hyd rogenation  cata lysts. They also im prove  

co lo r and flavor, e.g. in soup stocks and v inega r, and im prove the storage properties of 
fresh ly d is tilled  whisky.

Gas phase carbons. These shou ld  have the fo llow ing properties: (i) high  

absorp tive  capac ity ; (ii) high retention; (iii) h igh se lec tiv ity  เท the p resence of w a te r 

vapor; (iv) low flow resistance; (v) high res is tance to b reakage ; (vi) com p le te  re lease of 

vapor at increased tem pera tu re  and dec reased  pressure. They have two main 
app lica tions :

-Gas purifica tion , as fo r exam ple in the recovery of raw gasoline from natural 

gas; in a ir cond ition ing , to remove cook ing  sm ells and body odors; as em ergency traps  

aga ins t the acc iden ta l em ission of rad ioactive  gases. Much attention has been paid  

recen tly to the removal of the ox ides o f su lfu r from  com bus tion  gas e.g. at thermal power 

stations. A ctiva ted  ca rbon  has been tried  fo r th is pu rpose  and while e ffective  in 

removing S 02 , it p roduces a d ilu te  so lu tion o f su lfu ric ac id  wh ich , wou ld  require  

concentra ting  before it was of value.

-Cata lysis, as fo r exam ple in the ox ida tion  of H2S to sulfur. เท o rde r to p reven t 

deposition  in the pores of the ca rbon , th is p rocess is best ca rried  out at high  
tem pera tures. Generally, ac tiva ted  ca rbon  is used more as a ca ta lys t suppo rt than as a 
ca ta lys t in its own right.

2.7 L iterature reviews

Torikai et al. (1 9 7 9 )<16> s tud ied  the p repa ra tion  o f ac tiva ted  ca rbon from used  
tires by pyro lys is o f sam ples at 550 °c and ac tiva ting  the residua l so lid  so ob ta ined in a 
steam of C 0 2 at 900°c. This ca rbon  had su rface  area of up to 400 ทา2/g.
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Gergova et al. (1993)(,7) used a one step pyro lys is /s team  activa tion to p roduce  

activa ted  carbon from  ap rico t stones, nuts, coconuts , a lm ond shells and g rape seeds, 
and Bulgarian lign ite  from  Maritza Iztok and Chukurovo deposit. The 50 g sam ple was  

heated in ล tube fu rnace at a heating rate 10°c /m in , at a tm ospheric pressure and steam  
at a flow  rate o f 0.5 dm 3/hr. The experim ents were ca rried  out in a tem pera tu re  range of 

600-700°C. The sam p les were heated at the final tem pera tu re  for 1, 2 and 3 hr. The 
activa ted  ca rbon p roduced  from  various raw materia ls had high concentra tion  of 

functiona l g roups, hydroxy l and carbonyl. เท sum m ary, the d iffe rences เท the structure  of 

the raw materia ls led to the form ation o f d iffe ren t oxygen-con ta in ing  g roups on the 

resulting ac tiva ted  ca rbon  surfaces due to the ir reaction w ith water molecules. The 

adsorp tion  p roperties of ac tiva ted  ca rbon  were dependen t on the trea tm ent 

tem pera tu re , soak time and the nature o f the raw materials.. The activa ted  carbon  
p roduced  from ap rico t stones at 700 °c fo r 2 hr had the h ighest surface area (1,175  
กา2/g). The total pore vo lume and su rface  area o f ac tiva ted  carbon from  coal and  

agricu ltu ra l b y -p roduc ts  are shown in Table 2.1.

Table 2.1 Total pore vo lume and su rface  area o f ac tiva ted  carbon from  coal and  

agricu ltu ra l b y -p roduc ts !17’.

A c tiva ted  ca rbon S b . e .t . total Vmicro Vmeso Vmacro
P recursor (ทา2/g) (cm 3/g ) (cm 3/g) (cm3/g) (cm 3/g)

A p rico t stones 1175 0.91 0.76 0.14 0.01
Grape seeds 487 0.62 0.16 0.22 0.24
A lm ond shells 946 0.60 0.21 0.17 0.22
Nut shells 904 0.55 0.13 0.35 0.07
C oconut shells 700 0.46 0.20 0.14 0.12
L ign ite Maritza l^ tok 600 0.98 0.07 0.32 0.59
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Thakunm ahachai (1994){18) produced activated carbon from palm yra palm shells 
by physical or chem ical method. The physical activation in the fluidized bed  and the 
chem ical activation in the fixed bed w ere studied. เท order to ge t the charcoal which 
could b e  grind easily, the palmyra palm shells w ere carbonized at tem perature of 200 °c 
for 2 hr. The sam ple  of charcoal w as mixed with the solution of 60% (wt) zinc chloride at 
the ratio of 3 : 2 in the porcelain crucible for 72 hr. The optimum condition for the 
charcoal particle size of 1.68-2.38 mm w as at 500 °c activation tem perature for 1 hr. The 
properties of the activated carbon w as 1600-1700 ทา2/g surface area, 1100-1200 mg/g 
iodine adsorption, 350-400 mg/g methylene blue adsorption, 2-5% ash  and 40-45% 
yield. The palm yra palm shells w ere physically activated with the mixed g a s  of flue g as  
which had been  obtained from diesel oil and superheated  steam  in fluidized bed. The 
optimum condition for charcoal particle size of 1.19-1.68 mm w as at activation 
tem perature of 900 °c for 5 min and g as  velocity of 6.44 m /sec. The properties of 
activated carbon  w ere 1800-1900 m2/g surface area, 1000-1300 mg/g iodine adsorption, 
250-350 m g/g m ethylene blue adsorption, 10-15% ash and 30-45% yield.

A rriagada, G ercia and Reyes (1994)<19) studied the partial gascification of 
Eucalyptus globules charcoal, using carbon dioxide and steam  a s  activating agents. 
The influence of som e production variables such  a s  tem perature and reaction time on 
textural w ere given. Eucalyptus globules chips (5 -10 cm  in diam eter, 30-40 cm in 
length) w ere carbonized  in a metallic kiln. The carbonization time w as 2-3 hr and the 
yield of charcoal w as 23%. The charcoal, sieved betw een 10 and  20 m esh w as 
activated in a  vertical fixed bed  reactor. The reaction tem perature betw een 800-900 °c 
for 10-360 min with flow of the  activating agen t w as 200 cm 3/min (STP) of carbon dioxide 
or 140 cm 3/min (STP) of steam  (100%). The results show ed that both activating agen ts 
p roduced  m icroporous activated carbon with a large increase in m eso- and 
m acroporosity when steam  and  high burn-off w ere used . Table 2.2 sum m arizes the 
textural characteristics of the activated carbon.
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Table 2.2 Textural characteristics of the activated carbon<19).

Activating agen t Time Surface area IA MB
(min) (m2/g) (mg/g) (mg/g)

C 0 2 10 380 286 16
60 549 474 84
120 678 640 125
180 847 725 220
270 994 929 318
360 1089 936 345

Steam 10 466 471 14
60 622 690 113
120 778 819 221
270 1193 968 311

G ergova, Klimkiewicz and Brown (1995)(20) carried out the production of 
activated carbon  from anthracite using one-step steam  pyrolysis activation at a rate of 
20K/min at atm ospheric pressure. The sam ples, with particle size < 1 mm, w ere heated  
in the p re sen ce  of steam  at 850 °c for 3-6 hr and at 900 °c for 3 and  4 hr at a tm ospheric 
pressure. Two sam p les w ere treated initially in air at 300 and  350 °c for 3 and  2 hr, 
followed by steam  activation a t 850 °c for 4 hr. The activated carbon  p roduced  by 
steam  activation at 850 °c for 6 hr had the highest surface area  and  a  w ell-developed 
porous structure. Substantial activation of anthracite su rfaces and  formation of extensive 
porosity occurred  under the sam e conditions but with steam  at 270 Pa instead of 
atm ospheric pressure . Air treatm ent at 300 °c for 3 hr before steam  activation at 850 °c 
for 4 hr also led to production of activated carbon with w ell-developed porosity. The 
porosity characteristics of activated carbon from anthracite a re  shown in Table2.3.
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Table 2.3 Porosity cha rac te ris tics  o f ac tiva ted  ca rbon  from  an th rac ite1201

A ir flow Steam flow

Y ield

(wt%)

Surface area  

(กา2/g )

Pore volume

(cm 3/g)

(°C)

t

(hr) (°C)

t

(hr)
S b .e .t . L(h)* D-R** IA Total M icro

300 3 850 4 37.2 720 1420 1310 620 0.56 0.34

350 2 850 4 36.0 670 1340 1230 650 0.53 0.32

- - 850 3 45.8 530 1130 950 470 0.42 0.25

- - 850 4 31.2 610 1280 1130 580 0.48 0.29

- - 850 5 28.4 630 1310 1150 610 0.50 0.30

- - 850 6 25.3 720 1460 1360 540 0.57 0.35

- - 850 3 23.6 620 1280 1180 620 0.49 0.30

- - 850 4 13.5 510 1120 1050 450 ■ 0.40 0.24

*Langm uir(h igh re la tive p ressure) **D ub in in -R adushkev ich

H usse in .et al. (1995)<21> p repa red  the ac tiva ted  ca rbon  by ZnCI2/C 0 2 activa tion  
activa tion of the ch ips  o f oil pa lm  trunk. Ten g ram s o f the a ir-d ry  ch ips o f oil palm  trunk  

were m ixed w ith 100 cm 3 o f 1-30% (พ/พ) ZnC I2 and ac tiva ted  at 500 °c under an inert 
flow  o f n itrogen gas fo r 3 hr. A fte r th is time, C 0 2 was passed through the reacto r fo r an 

hour. A ctiva ted  ca rbon  p repa red  by im pregna tion  o f 0-10%  o f ZnC I2 had a m icroporous  

structure. In troduction o f 15% (or more) ZnC I2, however, had m odified the pores of the  

resulting ac tiva ted  ca rbon to inc lude a m esopo rous structure . An optim um  m icropore  

vo lume occu rred  at 5% ZnCI2. Thus, it was be lieved  tha t at h igh concentra tions o f ZnC I2, 
a re la tive ly large portion o f ZnC I2 cou ld  m od ify  som e o f the orig ina l m icropo res to 
mesopores. This experim enta l m ethod cou ld  be used to p roduc ting  of ac tiva ted  ca rbon  
with a fa irly high su rface  area more than 2000 ทา2/g from  the ch ips  o f oil palm  trunk.
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Tancred i et al. (า996)(221 p repared ac tiva ted  ca rbon  from  euca lyp tus w ood chars. 

The results o f C 0 2- 0 2 and steam activa tion were com pared . The sawdust of euca lyp tus

0.5 -  1.6 mm was first ca rbon ized  in a con tinuous N2 flow  (100 กา!-/ทาin at S.T.P.) in a 

horizonta l tube fu rnace consis ting o f a 75 mm d iam e te r quartz  tube heated e lectrica lly . 

The ca rbon iza tion  tem pera tu re  was m a in ta ined 400-800 °c for 2 hr. The chars ob ta ined  

from  this ca rbon iza tion  s tep  were sieved and the 0 .5-0.8 mm size fraction was activa ted  

in the same fu rnace  using C 0 2, steam and C 0 2- 0 2 m ixtures as activa ting  agents. 

Activa ted  ca rbon  was ob ta ined , by C 0 2 activa tion  o f the 800 °c chars w ith su rface  area 

of 870 up to 1190 ทา2/g and 810 up to 1190 ทา2/g, when steam  activa tion at 800 °c. The 

carbon iza tion  s tep  gave rise to a narrow m ic ropo re  structure  and h igh ly deve loped  
m acroporos ity wh ich  increased sligh tly upon C 0 2 activa tion  and s ign ifican tly  upon  

steam  activa tion . This last p rocess led also to a w iden ing  o f m icropore size d is tribu tion  

and deve loped  the m esoporosity more than C 0 2 activa tion d id . steam  activation  

appea rs to have a pa rticu la rly  re levant e ffec t on m acropo ros ity  developm ent. As steam  

had a h igher reactiv ity than C 0 2, d iffus ion lim ita tions cou ld  be more s ign ifican t and  

wou ld  favour gas ifica tion  in large pores, g iv ing  rise to meso- and. m acroporos ity  

deve lopm ent. This was also consis ten t w ith the increase in meso- and m acropore  

vo lum es w ith increas ing of steam activa tion  tem pera tu re . The presence o f 0 2 

accom pany ing  C 0 2 in the activa ting  gas small increased  the m icro- and m acroporos ity  

of the carbons, com pared  w ith pure C 0 2 activa tion .

Sai et al (1997)(23) p roduced  activa ted  ca rbon  from  coconu t shell chars using  

steam  or ca rbon  d iox ide  as the reacting gas in a 100 mm d iam e te r and 1250 mm length  

flu id ized  bed reactor. Experimental data showed that an increase in reaction time, 
flu id iz ing  ve loc ity , partic le  size, and tem pera tu re  resu lted  in be tte r activation. However, 
at h igher reaction times, a decrease in iodine num bers was observed , wh ich was due to 

coa lescence  o r w iden ing  o f a lready fo rm ed pores. S ta tic bed heights g rea te r than the  
d iam e te r of the co lumn gave lower iodine num bers due to poor gas-so lid  contact, 
because of s lugg ing . Steam as the activa ting  gas enhanced  the activa tion com pound to 

a m ixture of steam  and C 0 2 or pure C 0 2. From the experim enta l data, it was observed
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that maximum  iod ine num ber cou ld  be ob ta ined fo r the fo llow ing p rocess cond ition  : 
flu id iza tion ve lo c ity  o f 24.7 cm /s; partic le  size of 1.55 mm; sta tic bed he igh t o f 100 mm; 

tem pera tu re  of 850 °C; flu id iz ing  medium , steam and raw materia l, as coconu t shell 
char.

Panyawatanakit -(1997)<24> p roduced activa ted carbon from palm  oil shells. The  
processes of ca rbon iza tion  and activation w ith superhea ted steam  were stud ied . Some  
of the cha rac te ris tics  of pa lm -o il shells were found to be : moisture of 11.87% , ash of 

2.20% , vo la tile  m atter of 69.87%  fixed carbon o f 16.06%, total su rface  area o f 12.20  

ทา2/g, m esopore area of 12.20 กา2/g and m icropore area of 0.00 ทา2/g. The palm -o il shells  

were ca rbon ized  at 400 °c fo r 1 hr. The cha racte ris tics of the palm -o il shell cha rcoa l 

were yie ld of 31.50% , ash of 6.24% , vo latile matter of 27.76% , fixed ca rbon of 64.48% . 

Next, the cha rcoa l was activa ted  with superhea ted  steam. The op tim um  cond ition  for 
activa tion was 0 .850-0 .355 mm of charcoa l size at 900 °c fo r 1 hr. The resulting  

cha rac te ris tics  were y ie ld  o f 19.31% , bulk dens ity  o f 0.53 g /cm 3, iodine num ber o f 779.0  

mg/g, methylene b lue num ber of 136.96 กาg/g , total su rface area of 670.1 ทา2/g, 

mesopore area o f 67.24 ทา2/g, m icropore area of 602.8 ทา2/g and average pore area of 
10.11 A.

Surava ttanasaku l(19 9 8 )1251 p roduced  activa ted  carbon from palm -o il shells by  

one step pyro lys is and steam  activa tion in a fixed bed reacto r w ith the d iam e te r o f 100 

mm. The s tud ied  va riab les were temperature , time, pa lm -o il shells size and flow  rate of 

air. The results showed that the optim um  cond ition  was 1.18-2.36 mm of pa lm -o il shells  

at 750 c fo r 2 hr w ith a ir flow  rate of 0.72 m l/m in, using steam as. an activa ting  agent. 

The cha rac te ris tics  of the resulted activa ted ca rbon w ith the y ie ld  of 19.66% were bu lk  
density of 0 .5160 g /cm 3 , 6.03%  ash, iodine num ber o f 620.16 m g/g , m ethylene b lue  

num ber o f 176.75 m g/g  and 559.48 ทา2/g B.E.T. su rface  area. When there was an 
add ition  of pyro lys is tim e w ith air before steam activa tion led to h ighe r porosity  
deve lopm ent than one step pyro lys is and steam activa tion . From these experim enta l 
data, it was observed  that the maximum  surface area and adsorp tion  capac ity  cou ld  be  

ob ta ined from  using 200 g of 1.18-2.36 mm of pa lm -o il shells at 750 °c fo r 3 hr by
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adding pyrolysis with air for 30 min (0.72 ml/min) before steam activation. The resulting 
characteristics of the final product with the yield of 12.18% were bulk density of 0.5048 
g/cm3, 7.54% ash, iodine number of 766.99 mg/g, methylene blue number of 189.20 
mg/g and 669.75 ทา2/g B.E.T. surface area.

Sopanakijkosol (2000)<14) produced activated carbon from coconut shells for 
removing chromium (VI) from industrial wastewater by activation with H3P04. The 
optimum process conditions for carbonization and activation such as temperature and 
time were determined. The properties of activated carbons, i.e., iodine number, specific 
surface area and functional groups were analyzed. The results show that the optimum 
condition for carbonization was 400 °c for 1 hour and the optimum condition for 
activation was 800 °c for 2 hours. The BET surface areas and iodine number were found 
to be 922 ทา2/g and 1,015 mg/g, respectively. Thus, the result shows much higher 
adsorption capacity for chromium (VI) comparison with commercial activated carbon.
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