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CHAPTERI

INTRODUCTION
1.1 Motivation \\\ r’,//
Urbanization ar 1zatio )iw/ cause wastewater pollution,

‘_‘ ’_-_’
heavy.metalss Lead, in particular, is a

including wastewater, contaminated q’nh
\n!ﬂwh lead is often found in

common metal M . Gt
both wastewater and#€01. flead s central nervous system

harmful chemieals. ' proces§es, can b removing lead from

etal coagulation, ion
e treatment technique
astewater with high level
of lead might be treated wi b e lat herea: ) evel contamination can be
better treated wit 2 iption. Activated carbon is one common
adsorbent for lead an ; et meta - its durability and cost effectiveness
(Kongsuwan et al., 2009). =

In principle, then ed carbon can be divided into
two catego@s,i . che jlical activation, the
18 oric acid, potassium
hydroxide, zmc[ 1 temp = ture to simultaneously
carbonize and Ctivate the carbon. Although this requlresgoﬁwer temperature when

ed with th al means, it suffers M its inherited dlsadvantases e.g. the

ﬂ w)ﬂ ﬂ ived from
the a ating agent which may affect the chemical properties of the activated carbon

(Gomez serrano et al., 2005). F‘ the physical aﬂtlon the raw mat 1dl s

wﬂmﬂm RTINS

temperature requirement is compensated by the elimination of chemical contaminants
and shorter production time (Laine and Yunes, 1992), and these make it more

environmental attractive.



At present, the domestic capacity for the production of activated carbon still
does not match the demand side which requires that activated carbon be imported.

Costs of activated carbon imported to Thailand in the years 2007 and 2008 were
\ spectively (The Customs Department,
r the research for alternative raw

alyptus bark. More than 10

approx. 730 million and 1,23
2004 and 2005). There is

materials for the acti

The pulp Wl
tons per day w/

commercial plaz

e from one particular
. Preliminary analysis

revealed that euc tent and low inorganic

content which makes if'sui paring activate nzalez et al., 2009). In
addition, our pr - thisy ba well be converted to
activated carbon usi ] 1t A o,et'ak, 2008; Sarin et al., 2006).

i d ‘ torcover the mechanism of
physical technique i ’; \ ; The activation with steam
inal product will be tested for

its capacity in the tre of :.;‘f 4 _, concocted wastewater.

L)

@ysical activation
the ﬁived activated carbon

1.3 Hypotheses ‘

gmmmr NINHINT

. Steam activation gives a etter quality actlvated carbon product in terms of

q W’iﬁﬁ?ﬁﬁ A NEINY

positively charged metals such as lead.



1.4 Scopes of the research
1. This study was an experimental study in laboratory scale.

2. The optimal conditions of

preparing activated carbon from eucalyptus bark
were investigated. The variables,of this f/

include

/ 500, 550 and 600°C
: 30, 45 120 min
: @ioxide

olatile ers, ash and moisture

N

e N

\

C olume
\. ) density and yield

- stru ';-ﬁ e-an : X-Ray Diffraction (XRD), Scanning
sform InfraRed (FTIR)

4. Lead ads Lol AV 0 calyptus bark was
7

evaluated y I ;,7“ R adcornfion exhneriments J
g\
=’

I y
AU INENINGIns
ARIAININUNNIINYAE



CHAPTER 11
THEORY AND LITERATURE REVIEWS

VZ/

2.1 General knowledge

Eucalyptus has.been in Thall 00 years ago, but only after
the year 1970 ow lantation_scale. A antages.of eucalyptus are casy growth, good
survival, tolerant to vaei A gernyen et al., 2006).

Eucalyptus b ugh many species of

eucalyptus are i i Han 2 and provenances show

promising survival daptable to saline soils in
the northeast T es a va ati ditions (Royal Forest
Department [RFD ‘ be used for fuel, pulp and
paper, furniture il ‘ \

ists £t nooth-bark and rough-bark. The

smooth-bark is the out ' , o 7 S1Y urf c€, This part remains on the tree

even it 1s dead. The r r‘,;-‘ he iri hich is the focus of this work for

L)

€S Jire very soft, highly

2.2 Lead @ i

Leadhs” .
malleable, du;ﬁ condﬂivity. Lead and lead
compounds ar¢*Highly corrosive resistance but tarnish upon ‘eXposure to the air. Lead
compounds comp‘sﬂveral products 1ncl paints, ceramics, plﬁfs solders,

di chas lack of ucu r coordination, con 110n and coma,

on the other hand, lower lead 1eve&1s3001ates with mgeasu urable changes in ch

q 1&‘1 ﬁﬁﬂﬁmﬂ%ﬁlﬁﬂﬂﬂﬁ“ﬂ

intelligence tests. Chronic exposure in adults results in increasing of blood pressure,
decreased fertility, cataracts, nerve disorders, muscle and joint pain, and memory

problems.



The available methods to remove lead and lead compounds include: ion
exchange, electrochemical reduction, evaporation, reverse osmosis, adsorption and
direct precipitation (Boudrahem et al., 2009) Chemical precipitation, in particular, is
the most prevalent method bu \?"f or removing low concentration of heavy
metal ions. Adsorption %\ / s regard as opposed to more
conventional chemi n becaus 1gher level removal in wider

range of solutloil"?mg-/m:that ‘!ne am&% selection of suitable
adsorbents cam ! __\..1\%& heavy metals from
a gt’al .

wastewater (Ra;

Activated es—eallc | adti arcoal, is a form of
arbonaceous : sS p internal surface area
and porosity whi e """',. as s d (Zanzi et al., 2001).
Microporosity in the jcti t for adsorption ability and
widely used to 1 Generally, one gram of
activated carbon achie syrtace area of 2 as determined typically by

nitrogen gas adsorption. Al
characteristics as follow {é v/ :

2.3 Pl 0

?j'm with a size range

be classified based on its physical

between 0.15 :j 0 ﬂ:dlcated vessel, owing
to the high he L oss that would occur. It is beneficial to redace the concentration of
trace organics in c‘ water such as pesti€idés (Humbert et al., 2008). One of the

e I R L I

Additionally, handling and disposal WPAC could be dlfﬁ It (Areerachakul et al. @7)

9 mam:mwmsm g0 &

diameter and large internal surface area. This forms irregular shaped particles with
size ranging from 0.2-5.0 mm and they are considered more versatile and command a

larger percentage of the carbon market (Activated Carbon Markets, 1994). About 80%


http://en.wikipedia.org/wiki/Gram
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Adsorption

of the GAC produced worldwide is used in liquid-phase purifications, and the rest is
used in gas-phase applications (Usmani et al., 1994).
2.3.3 Pellets or extruded activated carbon
The shape of extruded th tivated carbon appears with diameters
from 0.8 to 45 mm. It % JZ ase applications because of their

low pressure drop, hi 1 strengt content

2.4 Raw materlals

tio ofa W
) m \ materials, which should

Activated ca parec \
\ \

coal, lignite, a an AC

be abundant and che VO atile content like wood,
red activated carbon
depend on the typ 3 ome of the properties of

summarized below:

— 1inexpensive a fﬁ e ‘” :
— high and stable prope

Several raw materia 1__, vers at \. e activated carbon as illustrates

in Table ZL 4G @of fixed carbon and
low contentLp / &Jrith respect to their
applications in g ifica onzal t al., 2009).

In the r ent years, many agricultural by-products h e been used as sources

for ac Vated carb uction such as che ee (Ioannidou et al., 2007), Coconut
onzalez et

% ﬂ abai§ e 011 e
m stones on et a 09), and euca tus Wood gernyen et al.,

2006) They are suited for actnfed carbon manu re due to their p

9 Wﬁ@&ﬁﬁ RTINS

the use of mechanically stable cokes with a small fraction of macropores (Bouchelta

et al., 2008).



Table 2.1 Properties of raw materials for the production of activated carbon

Raw materials Moisture Ash  Volatiles C H N S References
(%) (%) (%) (%) () (%) (%)

Almond tree 10.60 1.2 1. 30 6.50 0.80 0.04 Gonzalezetal., 2009
Corn cobs - 7 // 638 0.18 0.00 Awornetal.,2009
Eucalyptus bark 10.50-»\; - Patnukao et al., 2007
Eucalyptus wood 4.1 17 764 - - - Ngernyen et al., 2006
Olive stone 744 S ' 0.10 0.01 Gonzalez et al., 2009

Plum stones 3¢ <0.3  Cagnon et al., 2009

%

2.5 Production™of activated ca nr ' \\\

The preparation” of!' a 1vat ainly classified into two

: i e nature of the precursor,

s dete \ meithe eharacteristics of porosity

processes: chemical Activatig ?qd e caldac

activation methods and/activation cor n1"

‘-—t

in activated carbonsyiinc di}fg

, \ , shapes of pores, and surface
chemistry (Sentortn-Shalaby ﬂ*@ 2 i‘f The detail ‘of chemical and physical

activation is presented elor Tl i “; ‘,;

- - is

2.5.1 Chemical activa

Chemical acti y V precursors. This process
involves catbubizing the parent materials-after-im; pregnation h, e.g., phosphoric
acid (Castro& t_& lameed et al., 2008),
potassium hydrﬁ. de (Tse oride ('-‘uysangaain, 2001), and

zinc chloride (Aravmdhan et al., 2009). Chemical activation is usually carried out at

S T

com d to the method of physical activation (Ngernyen et al., 2006). However,
chemlcal activation poses problen‘ such as lack of gdequate control over pordsity

RIASDAR AR NIRY

Non-recovery of chemicals not only makes the process uneconomical but also

contributes to environmental pollution (Patrick, 1995).



2.5.2 Physical activation

Physical activation is the development of porosity by gasification with an

oxidizing gas at 700-1100 °C. Commonly used gases are carbon dioxide (Aworn et
al., 2009; Bello et al., 2002; F if/., 008; Gonzalez et al., 2009; Ngernyen

et al., 2006; Suzuki et al. /al. 2008; Arriagada et al., 1994;
Aworn et al., 2008; BK.. 1., 2008; ;@1" 2009; Jindaphunphairoth,

2000; Li et al., W . . “al.
al., 2006; Zanzi ., 20 : of Al 2 )7)."They can be used singly or
1calacCtiyati - ivided mto :

in combination,

production proc onsists of slow heating of the
raw materials at te absence of air. The raw
materials are c¢ \ ous material, which is
activated to yield theg hi p"\' A el (Suzukiset al., 2007). However, the

dent on the initial biomass

pyrolyzed. Three stepsof th ;':v;‘,_;‘;» gtl 5 are follows:
1. The mass loss is ve "ﬁ":‘“ materials up to 200 °C, for moisture
2. The = nn\.n.a.m.:m:mmzm;; 450 °C at the

content elim'ﬂﬁtio

Jerably greater weight loss

ation of volatile mattergﬁ?d tars.

3. The deC(?)position of a structure with higher stability occurs under the

AW W

2.5.2.2 Activation

primary carbosiza

for the raw biomass due to the ¢

The purposes of actgation are to deve he porosity, to creafé-dome
AR R

There are usually three stages in the pore development during the activation process: (1

opening of previously inaccessible pores; (ii) creation of new pores by selective

activation; and (iii) widening of the existing pores (Li et al., 2008).



Steam and carbon dioxide are commonly used as activating agents. The
activating agent must penetrate into the interior of the particle to remove a carbon
atom from that position. Thus, many carbon atoms within the porous carbon are
bypassed during penetration wi \ rgoing reaction or gasification. There are at
least two reasons for thi _l itivi /ﬂon atom _eactivity® to relative
position within the ¢ , is critic ‘;@onance are stereo-effect, i.e.
the steam, carbon dioxide or oxygen

itself for the rea whi 0 gasifici oft: tent of development of

ropriate space to orientate

porosity and the,

purities in the carbon

Details of the mec , n-b _, 'h on reacts with steam and carbon

dioxide are shown below:

” -{?‘hﬂ J.'i ffr j _.

B AN A
k‘ - ‘:m:m;r“f_—__ﬁmm: z JLecause the water
molecule has sma . Mand consequently the
use of steam leahi to faster diffusio 0 HOTOUS network@d easier access into the

micropores. A fastg reaction rate is approximately three times faster than the carbon

dioxd ctio tne % f Patsick, 1995).
Gasifi ugtg mc € n ceﬂ Eﬂin i<§corosity to
mesoﬂr

osity with the increasing effect of activation compared to that obtained by

carbon dioxide, which control th!com etition betwlef the rates of diffusyand

oxygen atom has to be transferred and bonded to the carbon atom of the network, an

the resultant carbon monoxide has subsequently to be —desorbed” from the network,

so creating a wider range of porosities in carbons (Patrick, 1995).
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The reactions of carbon with steam to remove carbon atoms from the network
within solid carbon are as follows:

C + H,0 = CO +H, AH = +117 kJ mol™ (2.1)

The rate of gasificatio <’ a mixture of steam and hydrogen is given
by the formula: % é
I — k1
2.2
— ﬁ. @.2)

P>
ki, ko, k3
The follo
(2.3)
2(8) (2.4)
(2.5)
The steam réaction is pre : mhibited; hydrogen'is strongly adsorbed on the

es the reaction rate (Patrick, 1995)
C (Hy) (2.6)

It was assumed-that the firs| t ion is the dissociated adsorption

of water m@ ________— ‘C_:)
WO @)
T 2) JF‘ ©O) (2.8)

Hydrog { and oxygen are adsorbed at neighboring active sites, which account

for about 2 percenp:)“ surface area. w/
(O 53 DN THRFRT
of Wﬁ

-gas formation, which 1s catalyzed by the carbon surface:

CO+H,0 — CQ@j+H, Abes 42K mol” (2.9

QUINIATUANAITNEIRY

the yield by surface burn-off. It is catalyzed by the oxides and carbonates of alkali

metals, iron, copper and other metals; the activation catalysts usually employed in



11

practice are carbonates of alkali metals, which are added in small amounts to the
material to be activated.

25222 Actlvatlon with carbon dioxide

oas!'i ally carbon dioxide, since it is clean,
1vat1on process due to the slow

tGantiost al., 2007).
@s endothermic and a
Co\ ‘\9 kJmol™ (2.10)
C @.11)

(2.12)

equation analogous to

(2.13)

where:
Pcor = aftial pressures. on dioxide
Pco = 0 monoxide
ki, ka, lt-} : sfljs
Activation with carbon dioxide 1s mhibited by hyd sivand carbon monoxide.

pack teaction [C* (0) + CO =

The carbon mofby)
C + COy). Raﬁ;nd Marsh (20060) showed that the additicﬂil]bf carbon monoxide to

the reacting gas d in the develo me a better microporous structure in
g g p p

ﬂum NHNINLANT....

Wlth am and requires a higher te perature 850-1000°C. The activation agent used

QIR eI TG v}

1995).
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The activation by steam is faster than by carbon dioxide due to the
mechanisms of gasification reaction that the rate of dissociation and adsorption of
intermediate of steam (i.e., H,O) to gas1ﬁable active site C*, (C* + H,O <> C(O) + Hy),
is faster than that of CO,, t / C(O) + CO) and CO inhibits further
reaction. For further diff N‘ p with steam and carbon dioxide,
the larger carbon di e compar stricts the ability of carbon
dioxide to dlffuse 1nﬁ1e cafmfess the gasificable sites of
inner pore, WIM o1 gasific o éa I dioxide than by steam
(Fukuyama et al Q). Alt ad g i ent on temperature and

concentration of r

ines the characteristics

a complex fiber ma omposite material of natural
polymers in which t ork jconsi rystalline cellulose micro-fibrils,
ety 5 is composed mostly of
hemicellulose and li ‘hich is the hening material that reinforces the
surrounding cell wall. Typ' cal conte C biopolymers of hardwoods are: 38-
50% cellulose, 23-32% hemicelltiloses and ionin.

q,%gmn are shown in

e hydroxyl groups on

ellulose chains that

are aligned an

ji
the repeating j

c
cellulose (about 1‘ -20%, of the total cellulo§e)fand hemicelluloses, surrounded by

it ii s

Rodriguez-Reinoso, 2006).

QW']Mﬂ?ﬂJﬁJW]’JVIEJ'mﬂ

h
ose units. Groups of micro-fibrils areunected by amorphous
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\ lose (Whippee et al., 2006)
ultural by-products suggests
that the microstru g 7 e original plant texture of the
corresponding raw mateti { eh-1s-on in and cellulose content. Hydrolytic
lignin and crystalline cellu 0 :_"..m Sugg

hat lignin char has more total pore
volume as compared to cel {-@é-‘:‘ f,'g* al., 1994). Therefore, the suitable

chars can b&} u ¢ m ﬂg‘:t)ad that lignin is the

main comp Eijhgnm has a proven
Al

ability for sorpﬁér T
Il A."h

Materials/with a greater content of lignin develop.activated carbons with

microporous strutﬁr d higher char ylel hich in turn produces the highest

-f) ﬁiﬂ ey jsan a WAL ‘izz;zf:::

struc (Ioannidou et al., 2007). ihe char has more cellulosic content tha li

o WRENTL el AT INTIRY

2004). Furthermore, the BET surface area was found to be highest for the raw
material with the highest lignin content (Reed and Williams, 2004) whereas the

macroporosity was due to cellulose but not lignins and hemicelluloses (Khezami et
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al., 2005). A summary of some relevant published data for the properties of chars and

activated carbons made from different lignocellulosic precursors is given in Table 2.2.

Raw material Micropore

volume

Reference

(cm’g™)
Almond tree 0.568
Almond shell 0.341
Coir -
Eucalyptus wood - 0.360
Olive stone ' 4 p 3 0.455
Vetiver roots . 50 Y 0.220

Walnut shell / 40 + DG 0.442

Gonzalez et al., 2009
Gonzalez et al., 2009
Reed and Williams,
2004

Ngernyen et al., 2006
Gonzalez et al., 2009
Gaspard et al., 2007
Gonzalez et al., 2009

LK)

QW‘TWﬂﬁfﬁﬁWﬂﬂ’]ﬂﬂ
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2.7 Structure of activated carbon
The basic properties of the carbon surface are likely to be due to: (i) functional
groups like pyrones, chromenes, ether and carbonyls that contain less oxygen; (ii)

protonated amino groups for bons (ii1) grapheme layers acting as

Lewis bases and formin

(Gaspard et al., 2007

The struc 5\%
structure unit o or
hexagons held | ak e

bonds (Figure 2.2

complexes with H,O molecules

proximated by the basic
osed of layers of fused

eld by carbon—carbon

uc to impurities and the

emistry, total porosity is classified

re elaborated upon below.

1. Micropores “width Ic

2. Mesopore _.

.ij1t0 ultra- (<0.5 nm
width) and su . initions being relevant when
considering aﬂption behavior (Figure 2.3). Microporesme considered as being
about the size of ‘1 te molecules and ageofnmodate one, two or perhaps three

f% M A TR i;:zzii

not much attractive for the surfacwchemlst It is a trg sport pore to the 1nt i

A WISNILIT LY NETY

meaningful to describe adsorption processes as being microporous and mesoporous in
nature. Some activated carbons contain all of these sizes of porosity associated with

the botanical composition of the materials (Figure 2.4).
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Ultra-microporosity Microporosity Super-microporosity

i

Carbon a
net’ark.l ;-’-/)'

—

Adrolecu' d : lements
WINe

rfer et network.
Figure 2.3 Models o \\f pvadmolecule of constant size

WS

e ——

mplifield) (Patrick, 1995)

\

Figure 2.4)&1‘ i &arbons from natural
precursors (Patfﬁk, 1 T

U
2.9 Estimation of eltﬂoperties of activatew

bon
ivat a 1 rea) and
Y NI TNE TS

ical
propmes depending on the basic r?terial source, precursor and activation. These are

&s

I TIRIU URINEIA Y

ph

Many carbons preferentially adsorb small molecules. Iodine number is the
most fundamental parameter used to characterize activated carbon performance. It is a
measure of activity level (higher number indicates higher degree of activation), often

reported in mg g (typical range 500-1200 mg g). It is a measure of the micropore
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content of the activated carbon by adsorption of iodine from solution. Iodine number
canbe up to 1,300 mg g

2.9.2 Moisture content

This is the amount of fe ctivated carbon under normal condition.

High moisture content indi fnal value varies between 1 to 5%.
293 Ash w&

Ash redllwiy - ited“carbon and the efficiency of
reactivation. TM _ l¢ium . sa etal oxides and comes
1 ‘n 1 L d a

initially from t

ash content.

ed'carbon introduces the better access to
the surface area and the ate‘of adso kineties. In vapor phase systems, this
needs to be considered f;f’r P hich' affects energy cost. Careful

consideration of particle 51 ide significant operating benefits.

2.9. 6~\Sur
A rang ee offechmaues s avaiablesforsestmanmeospoé and surface area.
Comparisons-are

—

erins“and those from other
methods. A good activated carbe ould have the folloyﬁhg characteristics: high

porous (mlcroporogs structure), large 1nterna1 surface area, high total surface area

] 'JWEMﬁ TRELT e

of ac ted carbon.

QW’]@\‘Iﬂ?ﬁUNWl’mmﬂﬂ
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2.10 Adsorption isotherm
To quantify the adsorption process, extents of adsorption (mg g 1 is related to
the equilibrium partial pressure p/p at constant temperature to create the isotherm.

f/A/matlon about the followings:

Adsorption isotherms are studi

- Estlmates

- Estl : olumes 1 es present, e.g. pore-size of
pote ener StI'lbUIlOIlS _'_'*

- Assessm surface chsorbent

adsorption, p - esSy.c.g. nature of the adsorbed

and this causes considerable

debate among i dsorp processes in mictoporosity are the most
difficult to describgraccurat yf‘f 1 DroOCESS s\ urring within mesopores
are more easil A por ;'. chaves In the same way as an open

surface to adsorpti i e of the adsorption processes

§ of 1sotherm shape obtained from

adsorption experiments. - wledge of ad on, mechanisms in different sizes of
ol - ' o
- :rl i
porosity is negessary isother ‘(“
~— —y

Typ ’@!mm“mﬁmsgﬁ

opore filling occurs
i _Q,\' p/po, the adsorption
process being c plete at approx. 0.5 p/p’. Examples i@}ude the adsorption of

nitrogen on mlcrolero s carbon at 77 K and 0 ammonia on charcoal at 273 K.

AUSINENTNS I

II 1so”rm can also be obtained fro carbons with mixed micro- and mesoporosity.

QR PRI el CIRET

originates from both non-porous and microporous solids and Type V isotherm is from

significantly 4 :E_r

microporous or mesoporous solids. The weakness of the adsorbent-adsorbate
interactions causes the uptakes at low relative pressures to be small; however, once a

molecule has become adsorbed at a primary site. The adsorbate-adsorbate forces
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promote further adsorption in a cooperative of water molecules on oxides of carbon
surfaces. An example is the adsorption of water vapor on graphitized carbon black.

Type IV isotherm possesses a hysteresis loop, the shape of which varies from

one adsorption system to another. joops are associated with mesoporous

ely homogeneous structure

(e.g. pyrolytic grapw @aﬂe as adsorbates (but not
nitrogen). / \\

The term de n unequivocally. Carbons

with similar ' i i rent from each other

temperature ¢ i i adsorbates ‘at, oth peratures are used. When

quoting surface isl i he including the technique,

ejunt of gas adsorbed (cc/qg)
q .
Sf i, X
s , b P

R‘.Ltwe pressure, Pf‘P

Qmﬁﬁﬂﬁfﬂﬁmﬂﬂmﬂ d
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2.10.1 Langmuir Isotherm
Langmuir isotherm is based on the following assumptions:

— Only monolayer adsorption can occur;

ion is, loca ; J adsorbate-adsorbate interactions;
~ ... /ﬁm of surface coverage, i.e. the

The expression w Hglsofﬁan bexiescr uation (2.14)

(2.14)
where;
Qe e ;
Jdm orbent
Ce \o er equilibrium (mg L~ Y
b ity \ of
The linear form of equati ". o \
: 2.15)
2.10.2 Freundlich is oth
The ¢ i {el is a mathen or fitting the experimental
data of adjus able_parameter. to.account. for the variation_in- dSorption heat on an
energetic h& Toge : g.;i of adsorbate. The
relationship can be described by Equation (2.16): ll.'Jl
(1/n) (2.16)

Whﬁqummmmmm

the remalmnyoncentratlon of solutlon after equilibrium (mg L

QW’PNWWWW’T’MBWQ d
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The Freundlich isotherm has been derived by assuming an exponentially

decaying sorption site energy distribution. The linear form of Equation (2.16) can be

The Freundhc based g assumption: (i) there are

many layers (multﬂqeﬁ—efadgorbaﬂ.'on thmmurface and (ii) adsorbent

M If h1 isoih

written as:

surfaces are het

match the experimental
data, the assum old true. Nevertheless,
for any specific case,

and hence, Freu i is of sed for a, speci ge of concentration of

Activated ¢ von many dndustries as diverse as food processing,
pharmaceuticals, che petrolettin ": nuclear, automobile and vacuum
manufacturing. Because of -‘*:f‘*“’f’é-‘ erties, they have a high available area
which is presented in thejr ex er structure. Such high porosity is a
function of : s th ' atign.

Ttly influences its

l::joc rties. Generally speaking,
activated carb | with acidic surface chemical properties a'mfavorable for basic gas

adsorption such @' onia while activate rbons with basic surface chemical

ﬁ ummwmﬂﬁm .

(Ioan ou et al., 20006).

QW']@\‘]ﬂﬁﬁUﬁJWl’mmaﬂ

adsorptive, e
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Table 2.3 Uses of activated carbons produced by agricultural residues (Ioannidou et al.,

2006)

Raw material

Peanut hulls, rice straw

o~

1 yas, indoor air (air pollution
dsorption/%e blue (liquid purification)

o
— Trac‘_é!met

f

Rice husk, orange pea

Palm kernel fib

Pitch-based carbons
Activated carbon$ mens

Wheat straw

Rice husks

Jordanian olive stones

Y
\ g water

'y metals

ffluent gas streams

o

LD omoval ot valatile orcganic 0 pounds

Ik

—X
]

oval of phenols and pliébolic compounds

12 sorp tlon(‘ metals

ha cals, cheilc leu minin nuclear,

automobile, etc. Activated carbo@s widely used te 1que for removal o

q Wﬂﬁﬂﬂ e mﬁm:ﬂﬂ&tﬂﬂ 8

lead (Acharya et al., 2009; Amarasinghe and Williams, 2007; Boudrahem et al., 2009;
Dahiya et al., 2008; Deng et al., 2007; El-Ashtoukhy et al., 2008; Erenturk and
Malkoc, 2007; Li and Wang, 2009; Rafatullah et al., 2009), mercury (Ghodbane et al.,
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2008; Zhu et al., 2009), 2,4,6-trichlorophenol (Hameed et al., 2008) owing to their
highly developed pore structures characterized by large surface areas. However, the

chemical nature of their surface often plays a dominating role in their performance as

adsorbents, catalysts supports, a
the presence of heteroat %
such as carboxylic &:, phenols; d‘__n.ﬂg'quinones, aldehydes, ethers,
anhydrides and eve 0 rahéﬁ et aqwiom of the adsorption
were inverstigat 1 effe ctsﬁfg-- tial-me concentration, pH, and

rms were used to fit

l}/ S chemistry of the surface depends on

ieh form organic functional groups

ultural waste because
LAY = . .
they are abundant ap: In principle; eparing activated carbon
By FFRPYY

carbons are generally two-Stage,-1.c. 0]
: . 2 bt A Yo 1AM
stage is to enrich the carbon and to

activation, . he

carbonizatio&

on followed by activation. The first

initial porosity where the second,

7' Q.S presents some

cjivated carbons from

i

agricultural reﬁis. of | flow rate, heating rate,
were 100 — 20 > min™ and 10 — 25°C min™, respectivelyywhilst temperature and

time of carbonizaﬁlmre 300 — 600°C andi60 — 120 min and activation process

por u activat rbon increased*with an inercasing activation time and

temperature with temperature exert'atg the larger effect. Eowever, the steam ac@ion

Y WIANAL SRR TINETRE

q Heavy metals are recognized as dangerous contaminants because of their high

toxicity, accumulation, and retention in human body. Lead, which is a remarkably

toxic and non-biodegradable metal, can be generated by several sources, resulting in
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contamination of wastewater and soil. Adsorption has been shown to be one of the
most favourable technique for the removal of lead from wastewater. The activated

carbon is a unique and effective adsorbent because of their highly developed porosity,

large surface area, changeable characte sti surface chemistry, and high degree of
surface reactivity. Table«2:6 " Sur mar ﬁeviews of lead adsorption by

remova ases with the increasing in

: witg incr s“ifi“ifiitial lead concentration and
increasing temp flire. solution pH rang he removal of lead was

determined to b

ﬂUﬂ?ﬂﬂﬂiWﬂ’lﬂi
ammnmumwmaﬂ



Table 2.4 Types of activation and associated properties of raw “\ ##/he activated carbon production

25

References

Raw materials Method of Activating ertlg of a carbons
Activation agent Iodine ene Micropore .. Mesopore  Surface
number " | volume volume area
(mg g™ lﬁil . \ \:\:\\\ (em*g)  (m2g"
Almond tree pruning Physical CO, - ' 0:568 0.382 1080
Bagasse and sugar cane  Chemical H;PO, 0.258 1132
Birch Physical Steam 450
Coconut shell Physical Steam 525
Chemical NaCl 492
Physical Steam 1926
Corncob Chemical - 960
Physical ~ CO, 17 "' : 820
Physical Steam - _Ij T . 675
Eucalyptus bark Chemical H5PO, 1226 ‘. 1457
Eucalyptus sawdust Physical Steam ﬂ H Ej ’J V!ﬂ V] i w El f] ﬂ 5 1190
Eucalyptus wood Physical Steam 1193
Physical Steam
Q‘m SNt aniingnay

Gonzalez et al., 2009
Castro et al., 2000
Zanzi et al., 2001
Achaw et al., 2008
Khuysangaim, 2001
Lietal., 2008
Nasser et al., 2001
Aworn et al., 2009
Aworn et al., 2008
Patnukao et al., 2008
Tancredi et al., 1996
Arriagada et al., 1994

Jindaphunphairoth, 2000

Bello et al., 2002

4
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References

Table 2.4 (continued.)
Raw materials Method of  Activating
Activation agent Iodine _ : Surface

number __-JHF’—‘ be R ne volume area
(mg g”) 25/ | \ em’gl)  (m?g")

Eucalyptus wood Physical CO, - - x\"x - 1491

Macadamia nut-shell Physical Steam 844

Oil palm wood Physical Air 1084

Olive stone Physical CO, ‘ 813

Plam oil Physical Steam 404 ' | 284

Plam shell Chemical ~ NaCl 486 = 386

Posidonia oceanica (L.)  Physical Steam 615

fibres

Rice bran Physical CO, 075 260

Rubberwood sawdust Chemical - 835 I" j.IJJ 822

Rubberwood sawdust Physical Steam 765 ¢ 255 v - - 1092

Walnut shell Physical CO,

Ngernyen et al., 2006
Aworn et al., 2008
Ahmad et al., 2007
Gonzalez et al., 2009
Suwansangchoto, 1999
Khuysangain, 2001
Ncibi et al., 2008

Suzuki et al., 2007
Kumar et al., 2005
Prakash et al., 2006
Gonzalez et al., 2009

RIAINTUNRINYINY

9¢
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Table 2.5 Carbonization and activation conditions for the produx\;\“ %//c/ carbons from agricultural residues

References

Raw materials Activating Carb Activation
agent
N, Flow rate  Heating r3 “"’ Temp Time
(cm® min™) (°C min” \;\ (min)
Almond tree pruning CO, 150 :20,»- N \ 30
Bagasse and sugar cane H;PO, - 500 60
N
(1:1.5) U
"Qf' 7
Coconut shell Steam - ) ] 800 120
A
(35%) 121

NaCl - @_{. 8 800 60

(1:3) =

Steam - 0 120

f

coffee endocarp Steam 85 45
Eucalyptus bark H;PO, - _Ij MSOO 60

(1:1)
Eucalyptus sawdust Steam ﬂ u ﬂ q VI gj VI i ﬂ El ’Iﬂ 5
Eucalyptus wood Steam 270

Steam 900

CO,

Gonzalez et al., 2009
Castro et al., 2000

Achaw et al., 2008

Khuysangaain, 2001

Lietal., 2008
Nabais et al., 2008
Patnukao et al., 2008

Tancredi et al., 1996
Arriagada et al., 1994
Jindaphunphairoth, 2000

QW'] AN IHUNATTRINGE) mwes

LT



Table 2.5 (continued.)
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Raw materials Activating Activation References
agent
N, Flow rate  Heating Time
(cm® min™) (°C mi ///z (min)
Eucalyptus wood CO, 100 2 60 Ngernyen et al., 2006
Macadamia nut-shell Steam 200 0 50 0 : - Aworn et al., 2008
Olive kernels KOH - 100-300 2% “" 240 Zabaniotou et al., 2008
(1:4)
H,0-CO, - 180 Zabaniotou et al., 2008
mixture.
Olive stone CO, 150 30 Gonzalez et al., 2009
Plam oil Steam - 360 Suwansangchuto, 1999
Plam shell NaCl - 60 Khuysangain, 2001
(1:3)
Walnut shell CO, 150 Gonzalez et al., 2009
Waste tyres Steam 100 ﬂ u El ’J VI ﬂ V] iw El 'j)ﬂ ﬁ 20 Gonzalez et al., 2006
CO, 100 180 Gonzalez et al., 2006
wattle wood CO, Ngernyen et al., 2006

8¢C



Adsorbent
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Condition Isotherm

Initial lead Adsorben

References

pH concentration (gLh
(mg L)
Cladophora fascicularis 5 100 2.5 =198.5mgg”’, b=0.0357 (mg/L)" Deng et al., 2007
Kr=37.46mgg", 1/n=3.621
Coffee residue 5.8 10 63mgg’ 0m =63.291 mg g"', b=10.396 (mg/L)" Boudrahem et al.,
ch: Kr=27.495mg g, 1/n=0.244 2009
1qe=13.123mg g, b=4.1334
Crab and Arca shell 5.5 100 2.5 angmuir: g, = 33.89, 30.39 mg g, b =0.056, 0.069 Dahiya et al., 2008
= 8.194, 1.848 mg ¢!, 1/n = 0.246, 0.353
= ;}= 26.63,18.63 mg g, K. =0.02, 0.013
meranti sawdust 6 100 5 .IJ 2 Langmuir‘-l,lgl.l11 =34246mgg’', b=0.016 (mg/L)" Rafatullah et al.,
@Preundlich: Kr = 1.504 mg g, 1/n = 1.046 2009

ﬂ 1 l EI‘ l YI EIYIj W\B;ﬁ‘sﬂ‘schomomg ,R*=0.998

QW']&\‘!ﬂﬁﬂJﬁJW]’mEJ’]ﬂEJ
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Table 2.6 (continued)
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Adsorbent Condition Isotherm References
Initial lead Adsorben
pH concentration (gL™h
(mg L)
Pomegranate peel 5.6 - - ir: qm=17.637mg g', b=0.260 (mg/L)" El-Ashtoukhy et al.,
:Krp=8.422mg g, 1/n=0.463 2008
9.=9.39mg g", b=3.753
Spartina alterniflora 5-6 46.9-69.8 0.5 | i angmuir: gm =99.5mg g, b=0.222 (mg/L)" Li and Wang, 2009
cundlich: Kr=31.57 mg g, 1/n=0.270
Tea waste 5-6 - 0 25-1@}.‘ : @Z 65 mg g'l, b =0.0494 (mg/L)'1 Amarasinghe and
haldr=9.65mg g, 1/n=0.3885 Williams, 2007
Tamarind wood - 10-50 - angmuiﬂgm =43.859mgg’,b=0.274 (mg/L)" Acharya et al., 2009
g Freundlich: Kp=9.321 mg g~ 1 1/n=0.668
Viscum album L. 5 50 Erenturk and

FHJE]'}VI H%i%ﬁ-ﬂﬁmgg b=0.0.34 (mg/L)"

Freundlich: K¢ = 101.86 mg g, 1/n=0.3748

qmmmmumﬁﬁm 2y

Malkoc, 2007

0¢



CHAPTER III
RESEARCH METHODOLOGY

W///

3.1 Materials

5%

3.1.1 Che

/ Atomic Absorption Spectrophotometer ( , Varian, AA 280 FS

61“ Balance (4 digits), Sagtorius, BP 2215

AUERAANINEINT

Conical tube

qmammwnwmaﬂ

Fourier Transform Infrared Spectrometer (FT-IR), Perkin Elmer,
Spectrum One

Gases regulator
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- Horizontal tubular furnance
- Micropipette
- Muffle furnace: type ESF 12/23 (0-1200 °C), Carbolite, England.

Y.,

lectron Mlcro

JEOL, JSM-5410LV

3.1. The furnace system
consists of horizont ), gas cylinder (N, air and
COy) (1, 2, 3) an. - tubular reactor was made of
SS304 steel wi imim, volume of ¢. Thi ar reactor had the flange

with an outside dia M 2 i i al diametc 35 mm and was placed in
the horizontal tubular ace could be heated up to
1100°C with a fixed h ) ] m was generated by pumping
DI water with peristaltic P .i--u_;:‘i ater at 140°C and carried into the
tubular reactor by N, carr ,gij:ﬂ TOug ing network made of stainless steel

(SS316L 511@‘5/4" oy

nc&.&gro Public Co., Ltd.,

Prachinburi province, Thailand, with DI

e eucalyptus bark at for 4 hours to remove excess water

AU ﬂiﬂﬁ HNINNT.

Analyze the pro?mate and ultlmate of the eucalyptus bark

QW’]@\‘Iﬂ?ﬁUNWl’mmﬂﬂ
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HOOD
A
T , /
,-"
4 \\ // W 0,
e—mw ------- )
’4 v
12
Figure 3.1 Schematic diagram of tlé v . u ( itrogen gas cylinder; (2)
air cylinder; (3) carbon d x;de' p" € -f ) peristaitic pump; (5) heater; (6) tubular
reactor; (7) sample; (8) tubula ACE . e ermocouple; (10) sample
thermocouple; (11) temperatu —*-'"- .;f_ *(liquid product collectors)

J

%T Car mi;g}e furnace at various
| s
t

temperatures ( 600°C) and various times (30-120 minu

iévénin the size ranﬁed Meen mesh number 100 (0.150 mm

M) aﬁﬁ%ﬁwﬁﬁ“ﬂmw

reactor and put the reactor in the horizontal tubular furnace
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2. Carbonize under the flow of N, gas at 200 cm’ min™', the heating
rate is controlled at 10°C min starting from room temperature (30°C) to final
temperature of 850, 900, 950°C, respectively

3. Activate by § 1 j steam or CO, at various times 60, 90

and 120, and then, cool d \ ¢hi % ow to No.
4. yZE rated carbo __‘__—(Ie'm.ics by proximate and ultimate
analysis, iodine W surface aréq
3.2.4 AM ) .
'1

1 copte method ASTM D 2866-94
(detail in Appe " ; \
. AN e ratio between weight
and volume o jal (detai \ \ iX AL2).
S - ood ¢ n\ determined according to the
standard method AS 79% ‘?Ell’ hiS, ] od ¢ \ he determination of moisture,
volatile matter, an i harwf@‘i or wood (detail in Appendix A.3).

4. Fo ] peetrometer (FT-IR): determined

. lodine--nui E ording to the standard method
ASTM D 4@
¥

standard methofj\s

A.Sﬂ
Surface area: calculated from adsorpf isotherms using the

method of Brunaug Effimet and Teller (BET Mod) and see details in Appendlx A.6.

obtained using a XL 30 ESEM FE@Scanmng electron Eroscope

9 ma ﬁmmumoﬁ ﬂﬂﬂﬂ“ d

q high purity oxygen and were chromatographically detected with a thermal
conductivity detector. The proximate analysis was developed following ASTM

standards for chemical analysis of wood charcoal (ASTM D 1762-84).
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10. X-ray diffraction (XRD) patterns: obtain in a X-ray Diffraction
Spectroscopy using Cu Ka radiation (A=0.154056 nm), with a step size of 0.004° and

a step time of 1.5 s.
11. Yield of activated ca he yield is defined as the ratio of the
weight of the resultant ac he original eucalyptus bark with

(3.2)

where W, is t and W, is the mass of

the carbon after

\\

¢ sta dar S tion Of ] t concentration of 1000

mg L™ ?"\ & D)
2. ilute with deie f unti i- concentrations of solution are
10, 20, 30, 40 and 50 mg L7 ‘:u la g

3. Stock in polyethylene bi
="

yor HNO; to 1, 2, 3,

1=

|

Add 50 ml synthetic wastewater concentrﬂh)n of 10, 20, 30, 40 and
50 mg L™ to 150 il Belepmeyer flask

AU mmm THHINS...

at 30°C for 120 minutes

AR AISAM TN L

7. Analyze for the metal ions by Flame & Graphite Furnace Atomic
Absorption Spectrophotometer (AAS)
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3.3.3 Determination of adsorption isotherm
1. Add 50 ml synthetic wastewater concentration of 10, 15, 20, 25,
30, 40 and 50 mg L' at pH 4 to 150 ml Erlenmeyer flask
2. AddO.1; i

Erlenmeyer flask.

aker with stirring rate of 200 rpm
e solution after shake

aphite Furnace Atomic

ﬂUﬂ?ﬂﬂﬂiWﬂ']ﬂi
qmmnmummmaﬂ



CHAPTER IV

Results and Discussion

4.1 Characterization of e V/
Eucalyptus bark; or ma 18 experiment, was procured from

the actual pulp nulmmurl pl)vm@ptus bark was repeatedly
washed with DI W _Wnic impurities, then oven
dried for 4 h at 105 © remo

ied biomass was crushed
and sieved throug e e et 20 \(ag . 3 mm). The pictures of

relatively high carbon
%) and ash (7.9%). As
< \ arbon is one of the main
ation and pyrolysis processes.

o.. present high carbon content
raterial in being converted to activated

carbon. This level of ble to that in other types of raw

materials s@

Figure 4.1 (a) Eucalyptus bark before crushed and sieved (b) Eucalyptus bark after

crushed and sieved (c) activated carbon from Eucalyptus bark
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Table 4.1 Properties of Eucalyptus bark

Ultimate analysis (wt %)
C 42.6

:1 \&3///

O (balance) -&‘ 51 97 ____—;

Proximate analysi

Moisture
Volatiles
Ash

Fixed carbon
4.2 Optimal carbogization € 1t m" I

Activated” carbons I Progy od- \\\ bark through the process of

h’d

carbonization followed by;steam ari ¢a n dioxide 4 \ - s. During the carbonization
process, eucalyptus ba; asi B0RiZet abserice of air at various temperatures
(450, 500, 550 and 600°C)a ), 45, 60, 90 and 120 minutes). The

results of these experlmen r‘ff‘fﬁ,a : !; Raw data are given in Table B.1 in

Appendix @ |

The yieﬁ f charc

the mass of raw material used. The %yield of charcoal is calculated from:

AUHIRBNINYINT

w er“V o 1s the original mass of precursor on a dry basis and W, the mass of the

mass of charcoal upon

charcoal after carbonization. The a‘alnable yields at vdfieus activation conditidné are

ARVIRS AU AN LR

450 to 600°C, the yield of charcoal decreased. This was attributed to the removal of

volatile matters and tars resulting from the decomposition of major compounds.
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Above 550°C, the weight loss was small which indicated the basic structure of the
char with no or only slight volatile content.

At constant carbonization temperature, as the hold time increased from 30 to

| f d continuously. Higher temperature

/ the elimination of tars and other

om porous structure in the

4.2.2 Fixed
Figure 4.3

Fixed carb — (ashi (@ ¢ matte moisture (%))  (4.2)

60
50 -
40 -
= 30 - 450 °C
o 0500 °C
=
20 A550°C
X 600 °C

10 A

ﬂﬂﬂ?ﬂﬂ%‘iwmﬂi

Flgu .2 Effect of carbonization temperature and tlme on yield of charcoal

QW’IMﬂimﬁmﬂﬂEﬂﬂﬂ
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80
70

50
40
30

Fixed carbon (%)

20
10

Figure 4.3 Effect

40
35
30
25
20
15

Volatile matter (%)

10 -

60 -

Time (min)

b

L
-
|
|

IZOM"

150

©450 °C
0500 °C
A550°C
X600 °C

40

ed carbon of charcoal

150

<©450°C
0500°C
A550°C
X600°C

Figu 4.3 Effe t(g ﬁm'z tion temper tugi time on volatile matter of charcoal
@. ﬂle tﬂy'i ﬂﬁﬁﬁ

igure 4.4 shows the effect ef the carbonization temperature and carbonization

WSS S I e

degradation of extractives as well as high-molecular weight hydrocarbons.
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4.2.4 Ash content

The ash content was estimated from the mass of the residue remained after

é&_@ increased with temperature.

Othery e components than the un-
anie: a to the effect of holding

inutes, % ash content

g
=
g <©450°C
S 0500°C
cl A550°C
< 550
X600°C
150
W) i
e [y
. I T . '
Figure 4.5 Effeﬁif carbonization temperature and time on Mcontent of charcoal

R A

actiqu carbon because the initial porous structure is formed and activation develops

this structure further. J indaphunph‘roth (2000) and Ad%orn et al. (2009) showiéd/that

activating agent activity in forming porous structure. On the other hand, a much too
low residual volatile caused the activating agent to react with the char structure

resulting in the formation of mesopore. From the above results, the optimal
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carbonization condition for the production of eucalyptus bark activated carbon was
500°C at 45 minutes. With these conditions, the obtained char contained a proper
content of volatile matter (24.2%), high content of fixed carbon (62.4%), yield
(37.5%), bulk density 0.41 g cni® \ 169 mg g and surface area 179 m* g’

(Table 4.2). The low surfag i the results from the blockage of
the structure by resi efore, th ‘_‘___@st be activated by activating
agent o increase Wf— ? §

- T

Table 4.2 Properties of*Chage ' L. ~.

2 Itimate analysis (w l]ll ‘\\\\\\
I(\)I,s (balance)

Proximate analysis

Moisture
Volatiles
Ash
Fixed carb ﬁ’)

Yield (wt %&
Bulk density (gm}ﬁ)

Todine number (mg g™) 169

g11N73

he activation step is deswled to develop t 0ros1ty in the mat

QMRS AITNRTINGTNG

effect of activation temperature and time were carried out at various temperatures:

850, 900 and 950°C and various times: 60, 90 and 120 minutes using steam as an
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activating agent. The property of activated carbon obtained from the experiment is

shown in Table B.2 in Appendix B.

carbon produced and"

. . “‘1
activation temperature a@, tifieo

The tem

4.3.1 Yield
The yield of activ i the ratio of mass of activated
char

/){gure 4.6 shows the effect of

temperatures, the yi e {ecreased“due.to the removal of volatile

N
4.3.2 Ash cont ‘M % '

In general, as cont s not desirable and is considered an

impurity. Figure 4.7 demo ;,.a.,;} s fhat % atent of activated carbon increased
4 e *..! o, / _.

s

with increasing acti TI}Ei due to an increase

P

removal of org \ )

anic e =i
.,) ]
4.3.3 Biilk density

igure 4.8§1 hat bulk density of ated carbon slightly decreased with
inc n%iﬂn temp ﬁh%ul cWa Qe 0 1$emoval of
Volatq matter and tar deposited in pore which occurred better at higher activation

temperature so the activating agent‘asily diffused to op of porosity. QJ/

RIAINIUARIINEIA
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= 40 - 0900°C
A950°C
20 -
0 _
150
Figure 4.6 Effectiof activat ompCrature and, of steam activated carbon
'l } ety 9
40 \, / ‘
r';'.r.
30 T ‘ll- -
_ > -
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< 0900°C
£950°C
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0.5 -
S 04 -
£
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5 0.3 - ©850°C
<
2 0900°
2 02 900°C
A A950°C

0.1 -

0 -
30 150
Figure 4.8 Effeet ofjactivation temperature 1\ time .bulk density of steam

activated carbon

4.3.4 Iodme nmlk r?\@
When the steam th? ‘ﬁ;*_;'— comes in contact with the charcoal, it

reacts both with the eXte he charcoal, the result will be the

enlargement of opened rqi pores-ar = pening up of closed micropores. With
regard to effect of ratur ing iodine. number was in the
range of 3002700 m: g g~. The iodine number increased | gradually with activation
temperature 34 50)- volatile matter and tar in

e

the pore structur¢ was more rapid oved allowing the activating agent to better

enter the charcoal structure resulting in a larger surface area which corresponded to a

hlgﬁwﬁ“wﬂswmm
qmmnmumqwmaﬂ
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800
3 600 - é é
E
'é 400 \ ’/’/ ©850°C
= 0
: — o =— 2000
g 200 - 7 ? £950°C
0 ﬂ /
30
Figure 4.9 Effe umber of steam

activated carbon
at"various temperatures is
e fro 120 minutes led to a rapid
increase in iodine nu ¥ emperature was 850°C and 900°C.
The highest iodine numbe btained from the activation at 120

minutes and 900°C, whi ' 'd,{tpd'/ ent of micropores. Increasing

temperatur o) er. It was possible
i dper 1w
the high gasﬁi(ﬂon Js ] ‘

[l u

4.3.5 Surfaf area and pore volume

fi DINIYSH gv:m::;z:

w1th t iodine number profile. The specific surface area (up to 794 m* g") was
btained from the BET calculatlo where the sha e 'ﬁle adso tlon-deso
1sotherm according to C cla551 1cat10n Th1s shape 1s the characterl stics

of the microporous structure, as there is a large amount of nitrogen adsorbed at low

ction of pore due to

relative pressure and an increase in the adsorbed nitrogen at higher relative pressure
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revealed the mesoporous structure (corresponding well to the results display in Table
4.3 where 84% was micropore and 16% mesopore). This is an indication of uniform
microporosity development during the actlvatlon
on of activated carbon is indicated using the
/ ‘bulk density. The best activated
carbon was produced by ste 1nutes, where the obtained

activated carbon containied a pro ) .80%) and ash (37.3%) and
with the followi

The optimal condition fo

following parameters: i.eu ‘-

37 g cm™, jodine number
ies of activated carbon

and 4.3. The carbon

693 mg g and
are compared with

coal (53.01%) owing to a

\
W $

content from activated c

| ifixed carbon at higher

decrease in amount of

temperature.

350 - 4

300

< Adsorption
ODesorption

Volume adsorbed (ecm? g1)

ﬂuﬂ?wamfwﬁWﬁs

4 10 N, adsorption and des%sptlon isotherms at 77K on steam activated ca:rbon

QW']MﬂiﬁUﬁJW]’WIEJ’IaEI
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Table 4.3 Properties of activated carbon from steam activation

Properties Value

Ultimate analysis (wt %)

0,S (balance) ' = 34.30.

Physical propertie
Yield (wt %)
Ash (wt %)

Bulk density (g cm™

4.3.6 Optimal activati

Experimental results demonstrate that the optimum ac Qjon condition for the
highest iodimajed carbon from this
work is comszr?d wit raw lz'ﬂ_‘j}erials (Eucalyptus) as
illustrated in Table 4.4. The overall yield on dry basis from this work was 52.5%
whi igher th reported values ucalyptus camaldulensis Dehn
barﬁt)u 269 wg, %ﬁo ﬁ ﬁ respectively),
Eucamtus wood (17%) (Ngernyen et al., 2006), Eucalyptus camaldulensis Dehn
wood (33%) (Jindaphunphairoth, 2&)0), Eucalyptus glebules wood (23%) (Arfiagada

residual of dehydrating agents and this consequently resulted in the loss of a large
amount of carbon mass. This washing step is not necessary for the physical activation

process and therefore a high carbon yield could be achieved. On the other hand, the
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activated carbon from physical processes provide relatively lower levels of iodine
number and BET surface area (in this work, these were 693 mg g”, 794 m* g,
respectively) when compared to those from other activation methods such as chemical
activation by phosphoric acid o j and Patnukao et al. (2008) (917 mg g,
1239 m* g and 1226 mg 7 ly). This could well be due to the
fact that the washl “the r651du from the carbon structure

rcorgecte

leaving a more co

BET surface ar

ous structure, and a higher
: ivated carbon from the
physical activati sessed lower levels of
iodine number an r raw materials such as
2000), Eucalyp 908 mg g )31 rriagada et al., 1994)
and Eucalyptus grandi .m0 edi‘et al., 1996). This could be
because eucalyp ins lovver ¢t ntentiand eellulose than eucalyptus
wood and sawdust, i tent from eucalyptus bark
were 42.6% (this 2002 B espectively, whilst eucalyptus
wood contains carb )" cellulose at and" 65% (Kumar et al., 1992),
respectively (see Table 4.5 ate a higher content of cellulose were

often reported, to ina tl}ficroporous structure

(Ioannidou k 2007 because cetintosicecontent-contd-bem u)ated at a higher rate
than lignin eﬁ an aMaterlals (eucalyptus)
from this work i$ compared w 0 cports as ill%ated in Table 4.6, e.g.

BET surface area actlvated carbons from Varlous sources are: Coconut shell (525

R TR T IDA 1

Plam (284m g )(Suwansangchoto 1999).

qmmnmummmaﬂ
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Reference Raw material Iodine number BET surface area
Y = (%) (mgg") (m*g")
This work Eucalyptus 500°C for 45 min _900°C for 2.} 52.5 693 794
camaldulensis Dehn ‘l‘
bark
Thongton (2008) Eucalyptus 30.5 917 1239
camaldulensis Dehn
bark
Patnukao et al. Eucalyptus 26.0 1226 1457
(2008) camaldulensis Dehn
bark
Ngernyen et al. Eucalyptus wood 17.0 - 1496

(2006)

. o
min. wita

a heating

e'rate of
o & LY
ifld

4

ARIANTUNNING IR

0S



51

Jindaphunphairoth

(2000)

Tancredi et al.

(1996)

Arriagada et al.

(1994)

Eucalyptus
camaldulensis Dehn
wood
Eucalyptus grandis

sawdust

Eucalyptus globules

wood

lodine number BET surface area

(%) (mgg) (m® g
33 1233 1076
800°C for 2 h. 23 - 1190
23 968 1193

ﬂUEl’JVIEWI‘iWEI"Iﬂ‘i

Qmmmmummmaﬂ

IS



Table 4.5 Properties of eucalyptus raw materials

Reference Raw material Carbon cont
This work Eucalyptus bark 42. 6
Amaya et al. (2007) Eucalyptus wood
Guerrero et al. (2005) Eucalyptus wood
Yadav et al. (2002) Eucalyptus bark
Kumar et al. (1992) Eucalyptus wood

ﬂUEJ’JVIEWI‘JWEI'Iﬂ‘i
Qma\mmummmaﬂ

52
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Reference Raw material Iodine number  BET surface area
(mgg™) (m’ ")
This work Eucalyptus 693 794
camaldulensis Dehn bark

Achaw et al. (2008)  Coconut shell - 525
Aworn et al. (2008) Corncob - 675
Li et al. (2008) Coconut shell - 1926
Prakash et al. (2006) Rubberwood sawdust 765 1092
Zanzi et al. (2001) Birch : - 450
Suwansangchoto Plam oil 300°C for.30 min . 7 404 284
(1999) Q

=l

AUt InENineIng
RIAINTUNRINYINY

€S
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4.4 Optimal activation condition by CO,
Physical activation using carbon dioxide or steam as oxidizing agents are the

most commonly used processes in the production of activated carbon. This

\\ dition by steam (900°C) in order to
‘ \ @de activation. The property of

‘ S experlm ’-—_Mn Table 4.7.

4.4.1 YieM ) ———
Table 4.7 n oyie _rbon decreased while

experiment focuses the opti

compare the results with “th

activated carbon obtai

other words d removal of gaseous
products, volatile bon, strt re and so lowering the
carbon yield i o, e/that the remaining volatile matter that

stayed deeper in oc e to diffuse out of the char

structure.

4.4.2 Bulk den

Table 4.7 illustratc EI ;-i* “inct the activation time resulted in a
decrease in the bulk densi % chgj on product. Carbon dioxide as the

sed quickly out of

activating ?ﬁt e and di
the if"" cture during the ac refore, with high
N N

he
temperature, the, g became the predominant
reaction Whichléj to low bulk density. ,LIJJ

U IR

act1v“m time period. This cou ioxide as the activating agent

oxidized with carbon element ifff charcoal. With amyincrease of the acfiyat

QAN HIITHIAS

material occurred. Ash is normally not removed from this reaction, and therefore the

fraction of ash became higher when other carbon components were being gasified.
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Table 4.7 Characteristics of activated carbon from Eucalyptus bark by carbon dioxide

activation
Activation
Yield Bulk density Iodine number
Temperature  Time \ ) r
. . % (mgg")
(°O)
850 " 209+41
900 316+26
322+11
352+15
950 483+17

4.4.4 Todiné nuuibe \\
Table 477 i ith 3

n tehigih

increase in activation
tion of carbon dioxide as

the activating agent with @Q ot esult in the development of

temperature. This Was becagse, at High te era \‘.‘

micropore and the @pening of b ,,4 1-por / devolatilization process leading to the

. . 7 . . . . .
formation of new micro pores, but als he 'widening of existing micropore
R &
by gasification reaction and-possibly by collapse of neighboring pore walls.

Therefore, with high_temptiatu he act] at_could be easily diffuse to the
carbon stm@ : o in the carbon 1 o @umber.
Simi&r ( n

factor controlh the on su as the iodine number.

Jas also an important
Iodine number i creased from 316 to 352 mg g with an inc asmg holding time from

leX e enha vV lat1 zation and

60 to 20 mmute!'ﬂ was a conseiuenceulncreasmj rate of reaction between

degrada 1on. 1s t en resu te n the opening of pores and even the loss of

some walls among the pores.

QW']@\‘IﬂﬁﬁUﬁJW]’JV]EJ']ﬂH
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N
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£ \ / 38 °
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2 %0 ‘& “"J__p © Adsorption

% : ODesorption

>

1.00
Figure 4.11 . ' : \ on O, activated carbon
Table 4.7 s Its, obtained from t - arbon dioxide activation where

the highest value of theiodine ,.L..{. c -‘ 5 O 4 obtained from the activation
at 950°C for 120 minutes. "‘* K. neve 88, focused mainly on carbon dioxide

activation at 900°C for 120 min he comparison with the steam

s

activation a{f& :

Ads Ejrmined via nitrogen

adsorption at z 0@0 1.0. The Brunauer—
Emmett—Teller| ET) total surface area was assumed such that the sorption at surface
was monolayer. "l‘e ¢ size distribution vusstlmated using the Barrett—Joiner—

At inandunng.:

e of isotherm could be 1apnt1ﬁed as Type I. Table 4.8 provides t

4 W3 SEimYI RN e RETRY

surface (274 m” g') when compared with other carbon dioxide activated carbons such
as Almond tree pruning (1080 m” g) (Gonzalez et al., 2009), Corncob (820 m* g™)
(Aworn et al., 2009) and Walnut shell (792 m? g"') (Gonzalez et al., 2009). The total
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pore volume of 0.242 cm® g consisted of micropore and mesopore in the proportion
of 69% and 31%, respectively.

bon from carbon dioxide activation

Table 4.8 Properties of activated ca :

Properties

C

H

N

0,S (balance)
Physical prope
Yield (wt %)
Ash (wt %)
Bulk density (g cu

)
Iodine number (mg g

BET Surface area

- Micropore (%)
- Mesopore (%)
- Average pore diameter (A) ,—1!-*"

- Total pori (cm”g) 02477,

The pr o onf:’it 00°C 120 minutes is
illustrated in TE‘14 8. The carbon dioxide activated carbor‘J_‘gIkhibited carbon content
of 61.68%, ash co@ 7.3%, yield 58.5%, buWnsrcy 0.37 g cm™, iodine number 352

arca activation
COﬁ‘u‘eﬂ ‘Im Miwﬁq ﬁﬁomde was

foun be relatively lower than at activated by steam (see Tables 4.3 and 4.8).

QAT ARV LE AL (T k)

molecule of water smaller than carbon dioxide, and consequently steam diffused more
rapidly into the porous network and more easily accessed the carbon structure.

Accordingly, carbon dioxide activation needs a slightly higher temperature and time
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activation to increase the gasification rate in order to increase the surface area when

compared with steam activation.

4.5 Characterization of activate r
4.5.1 FTIR \} /

Chemical chara /FTIR spectroscopy in order to

= ‘*____
identify mnctional;@ﬂ__p Myjals. The FTIR spectra of
i tivats an in Figures 4.12-4.14

products. These i cou deriye e eucalyptus bark raw
material, whi %& JOSE cell e, hemicellulose and lignin. After
activation by ste 36 17, " appeared which indicated that the

reaction between ste itho arcoa 0 a formation of non-bonded
OH groups. The ion b _’ Steam activation carbon exhibited a lower
intensity than carbonization. produe i ge inintensity was a consequence of
the activating reaction of steas: = -‘-: e 0 and hydrogen groups were decomposed

ined for carbon dioxide activated
@‘uonal groups were
N

[ {
ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ']ﬂ?
QW']ﬂﬂﬂﬁmﬁJWq?ﬂﬂqﬂﬂ

and extracted from the
carbon exh ad
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Table 4.9 Summarises the functional groups presented in the charcoal and final

activated carbon product.

Samples Functional groups

Charcoal | lkene,

Steam activated \ A,\ nd.hydrogen groups
atie, groups
Carbon dioxidg@ctiv Xy2 \ ‘« drogen groups
~ o oups
,_.f
i g
<\

Table 4.10 FT-IR spectra e or 1e activated 1\ .' n\product

e

Assignment ) & Frequency (cm™)
Non-bonded OH grotips /- i"::' 32 >3500

O-H stretching :- 3400-3500
Stretching iﬁld etones groups 0-1450
Aromatic MO L Clb GO A LOLHD: ] 0_900
Skeletal C= 60-1430
Stretching in zig'natic skeletal and este LI‘1444

O-H bending-in I*ne 1440-1410

Hﬁﬁﬂ'ﬂﬂﬂiﬂﬂ"ﬁ“ﬁ
qmmmmum')wmaﬂ
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4.5.2 XRD
X-ray diffraction (XRD) patterns of steam and carbon dioxide activated

carbons are given in Figures The XRD pattern of steam activated

carbon at 900°C for 120 minu : / ti condition) exhibited amorphous
carbon structure. Gene | _)ﬁ 1d be divided into two stages:

on ar‘ns omvﬂh') lehne structure, 1ntroduc1ng

mlcropores amon

form pore networks_i i sopared and. M : Lazaro et al., 2007). On

which represe matter. This could be
due to the existe dual volatile' i or tat, in the deeper pore in carbon

structure. This resulte JlowerBET 2 ¢a and.iodine number

300

250 A

S
8

£ 150 4

Intensity (a.u.)
Intensity (a.u.)

g

50 4

Ml“

AU ANEINEANS

Flgulm 15 XRD patterns of steam ?:tlvated carbon

QW']Mﬂ?ﬁUNW]’mEHQEJ

O
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a00

000 4
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Intensity (a.u.)

200 4

o0 A

The effe iWatio “-_ ) ¢ ucalyptus bark precursors
is clearly observed ftom : 7 | ) o\i copy (SEM) in Figure 4.17, i.e.
carbonization at 500°C /45 minité 3' iou 17( team activation at 900°C 120
minutes in Figure 4.17(b),(C Ji{ ‘ ; activation at 900°C 120 minutes in

Figure 4.17 (d),(e). The ca f& ,- }qua) ! ted in a lower pore volume, high

volatile m ﬁhﬁ an

involved loW (Emperatureswhich-was-not-able-to-compietely- Bur away the impurity

hecause this step only

during the carb

gl . . .
ﬂz ; purities remained in the pores

after carbonization (see Figure 4. a)). After activatioliuj)y an activating agent

(steam and carbonél ide), the porosity is be&)developed due to the elimination of

£ YEINN TN

respe ely (Figure 4.17 (b)-(e)). This is beneficial for most adsorption processes
e € s re s deede tealo S L

IR T

(Figure 4.17 (b), (c¢)) and carbon dioxide activated carbon (Figure 4.17 (d), (e)), it can

be inferred that steam activation led to a narrower pore size distribution and pore

volume than carbon dioxide activation (Tables 4.3 and 4.8).
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_ii0Mm F1
XBE8A 17mm
o'

q Figure 4.17 SEM micrographs of Eucalyptus bark activated carbon: (a) charcoal
2000X, (b) steam-activated carbon 800X, (c) steam-activated carbon 2000X, (d) CO,-
activated carbon 800X, (e) CO,-activated carbon 2000X
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4.6 Adsorption study
4.6.1 Effect of pH for adsorption

The pH of solution has been identified as the most important variable

governing metal adsorption nti (Wang et al., 2009). This is because
hydrogen ion is competing \ ed metal ions on the active sites

of the adsorbent. T (II) ion on steam activated
carbon has been e e controlled environment
with different p

shown in Figure 4.18.
\
This pH range was*Chosen m/Orden to -‘,:s eta

oxide precipitation. The
results indicate thaigthe maxin ion of Pb(Il) w tained at pH 4 (q. = 3.9
- steam activated carbon

\o npetition between protons
\\ (Boudrahem et al., 2009).
-5.0) whi

hydrolysis and potential j cﬁh ition -Su ent studiesiare thereafter conducted at

pH 4.

mg g'l) The equilibgitm
increased with inereasing pH ¢

(H") and positively gharged &‘a«l i0 f-’
The sorption degr€asedrat higher ﬂl, ,ﬁ

vas possibly due to the metal

q mm nwwq INHT A

lead concentration = 10 mg L™, shaking rate = 200 rpm, temperature = 30°C



67

4.6.2 Adsorption isotherm
The adsorption isotherms reveal the specific relation between adsorption

capacity and concentration of the remaining adsorbate at constant temperature.

Several models have been us € l egature to describe experimental adsorption
data. Freundlich and Lan most frequent used. In this work
both models were u the ads y of steam activated carbon

for the removal of W“

Langmul

ion of lead ions on the

surface of carboj

nted b a in tion:
4.3)

>\

. s u 10152 after eguilibrium (mg L)

where C. and qc a i centration
and the amo At equili \ tively, qm and b the total
number of surfa i ' S (mg' g 1 d Langmuir constant or
capacity factor. Fig '-_‘ ots of P (1 ions which shows that a
straight line coul d -betwee o and“1/C.. This implies that the
isotherm data fitted th guIn gat; / 2 =0.9964). The values of g,
and b determined from the- =-';..-.u...l'.._‘ were 54.6 mg g and 0.02 L mg”,
""i*‘.ufd '

respectively.

where Ky and n cre constants of Freundhch isotherm incorporating adsorption

o ST RETAS

calc d to be 2.1 and 0.40, respectlvely The value of 1/n of less than 1 indicates a

orable adsorption. The Lang u1r and Freundliel® isotherm paramety are
JARIRI RS E
q obtained from this work fall in the same range as those reported in literature (for other

natural materials) (Table 4.12).
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0.35
0.30
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0.15 N
0.10 — e

0.05 - -.0275x +0.0183

AN R R>=0.9964
0.00 "\\ - 5 - T
) 0.30 0.35

1/q, (g mg™)

Figure 4.19 Langmuir CI 0L 8 ion of, Pb(ll),on to activated carbon
T4 ] 4'\\“ .
(amount of activatgd cz t K shaking rate = 200 rpm,

temperature = 3(

B
on
g
=
on
2
(e
1@
y=0.3971x + 0.3211
. P R2=0.9215
0 . L ] L L ] L ] L]
[ { |
ﬂ u 2' 6 8 : 1.20 40
[ ] [ ] [ ]

log C, (mg L)

q MMW ksl k it}

temperature = 30°C, pH =4)



69

Table 4.11 Langmuir and Freundlich isotherm parameters

Langmuir isotherm Freundlich isotherm

Im b R’ K 1/n R’

(mgg') (Lmg")

54.6 0.02

! : _;":

Table 4.12 Comparison

ads OI‘pOIl l : \;\‘ ]

Reference maiof Freundlich isotherm
Kr 1/n
This work ) 2.1 0.4
Boudrahem et al. ¢2009 Cesidue | o33\ o4 27.5 0.2
Patnukao et al. (2008 0.46 0.5
Rafatullah et al. (2009) 1.5 1.0
Acharya et al. (2009) ~ 9.3 0.7

ﬂUﬂ?ﬂﬂﬂiWﬂ’lﬂi
ammnmumwmaﬂ



CHAPTER V
CONCLUSIONS AND RECOMMENDATION

W,

The Eucalyptus eat p recursor in the production of

activated carbon aﬁm hlgu carbm_md low ash. The optimal
carbonization CM r
500°C for 45 minutes* Thi

condition gav i fopay ber and Bl (693 mg g and 794

5.1 Conclusions

m eucalyptus bark was

unt of volatile matter of

°C for 120 minutes. This

Steam activati 5 B, d le" activa ve activated carbon with

different characters at 8a

Steam agfiva \ ] \ dioxide activation
- High iodine number (693 : iodine number (352 mg g")
- ngh BET surface areas f 1 3% “BET surface area (274 m” g)

ore volumes (0.242 cm® g™)
rﬂ?9%)
_Q&Jied on solution pH,

]

€ maxir sorption uptake was

1
=
aQ
=
=
o
=
¢}
<
o
=
=
a
17}
~
)
=

?.
=
<
.l‘] =
._?2

contact time and nitial co

achieved at pH 4 for 30 minutes. Moreover, the adsorption studies showed the

ATEAVET I NEIAT -

minutes.

- Experimental data f‘ed better with Lan@fwir than Freundlich @

q W’] SR AMAA AN Y

- Freundlich isotherm parameters were K¢ 2.1, 1/n 0.4
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5.2 Contributions
This research utilized eucalyptus bark waste from pulp and paper industry as a

source material for the production of actlvated carbon by steam and carbon dioxide

activation. It was illustrated th. r510n of the bark was possible and the
final product exhibited roperty. When compared to
chemical activationk e to the )chemlcal requirements, the

physical actlva‘:w;lres ﬁ) wa lich not only prevents the
generation of ate eduges &“che mands which makes it

ical treatment requires

more attractive |

that the carbon b ore energy inputs than

the chemical activatign. Based 15;_.' r culation, the energy inputs for

N\

al dreate
] m
m hemical method, i.e. the

Ur-
(]

the physical me regabout 6
energy requirementgfor the dduct@ of 100g activate arbon is 19 units for the
physical treatment andirang 3 1 uﬂ!ﬁi or the chemice 0d. However, this did not

include the cost of chemi als" \Vﬁ%‘ﬂ
J
will occur during the ch mlcahm.tﬁ.

. L e
this work). Padbetdivid

The results from this-work could
f?’ : & J*J -J‘

problem of -eﬁess 2) tus bark by co ste‘ﬁaterial to a valuable

\ t, and wastewater treatment that
act ~\¢‘ still cannot be evaluated from

sed further to mitigate the disposal

product Su .'f retrvated—carbo———————————————————————a )

Sl

5.3 Recommend tion '
Based on the results of this study, some recommenﬂﬁtions for future studies

can be proposed. ‘

dlsﬂnu;m NENINE NI

coul en lead to a lower reactlo&rate between carbon atom and activating agent,

QR SR

2. Engineering aspect of this system should also be considered especially
in terms of energy efficiency. The use of waste heat in the factory in heating the

furnace is highly crucial for the economical feasibility of this work
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3. The activated carbon might be applied for the adsorption of several
metal ions. This work demonstrated the adsorption of lead which is the positively

charged ion, and therefore the adsorption of other metal ions such as lead, copper,

cadmium, phenol, arsenic, ' mium, could also be possible. This
should be investigated fu “\ 4 'y/'

—— g

AU INENINGINS
RIANTAUIMIINYA Y
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APPENDIX A.1
Determination for Ash Content (ASTM D 2866-94)

Apparatus

- Muffle Furnace
+25°C at 650

- Oven, forc 1 i al e regulation between 145
and 155 °C

Procedure

1. +25°C for 1 h. Place the
\ ture and weigh to the
b

2. ( ple of acti arbon to constant weigh at 150+ 5 °C

3. sient dried activated carbon, so that
thepesti e e o the ignited crucible and
plact.the-ciuciblediithefurnace-at-650£25°CAshing will require from 3
t0 @_l_ , d a:tgbarbon. Ashing can be
conii'lred complete when constant weight is ach&hed.

4. Place tw crucible in the de51ccato allow to cool to room temperature

A QETNENS NI

Qﬁﬁ“ﬁﬁﬁm paingds

weight of crucible plus original sample, g

O
Il

weight of crucible plus ashed sample, g
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APPENDIX A.2
Determination for Apparent Density (ASTM D 2854-89)

Apparatus

- Reservoir Funnel, fa __ icated J%gﬁ.‘e al
- Feed Funnel, also of glass / y

Procedure

1. ‘the'ca sted to constant weight at

maturely flow into the

material to the reservoir

3. Add the s SOl o vibrator feeder through the feed

funnel having a stem 23.8 mm ( in inside diameter.
- .ﬁ_’.’-#:f_ -, o

4. Fillthe miform ra 0 75Eexceeding 1.0 mL/s,
% o thie 100 L mark. The rate can be adjusted by fganging the slope of
the f_g_l_ 1 r‘\_#'g%ﬁunnel, or both.

5. Traiﬁ}er the contents from the cylinder to a balaﬁgp pan and weigh to the

neareste. 1g.

AN INEINT

- Forwdrie samples, calculate ollows:

QRIASTIRRIT Y

- For samples that have not been predired, calculated the apparent density on the dry

basis as follows:

Apparent density, g/mL = 10 (weight of activated carbon,g) x (100 - % moisture) (A.2-2)
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APPENDIX A.3

Determination for Chemical Analysis (ASTM D 1762-84)

Apparatus

T5°Cand 950+ 5°C
d a sensitivity of 0.1 mg

or storage of ground

Sample
1. Sample clisample’s as to be representative of
amplé selection shall be carried out
in accordance wi .. ...,-,-(-(-,;-3;.‘: D 3176, and D 3180.
2. s é} air charcoal lumps or

inples-shallbe spicat-out to air-dry before

2‘1 , a‘ti_.‘é)% the moisture content

of tlﬁharcoal, as received, shall be determined @hsamples ground to pass
No.20 8850-;1 m) sieve ,since ewwe grinding will result in loss of

Al 2 ﬂﬁﬂ?ﬂﬂﬁ 4 he B

as follows:

9 W’] ARTRNIINYISH

grinding time shall be avoided because of generated heat which will
cause loss of volatile material. Excessive grinding will produce a

large amount of fine particles smaller than a No. 100 (150- z m)
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sieve. These fine particles contribute to errors of being awept out of
the crucible during the rapid evolution of gases in the determination

of volatile matter. Particles that will be retained on a No. 20 (850- 1

o, of the ground sample.

Place the dried samples in

ff ,?- a )50 °C. Preheat the crucibles

ds 1n place and containing the

EF .

sample, as foll oWt with the 1 door open, for 2 min on the outer
or 3 min on the edge of the furnace
thfmace for 6 min with

: c '_ NLLITe _door.cloSed .  WAatch 1th & _CaAamMmn.L o THhTOL small peep_ho le in

: A
— ]
sa s in a desiccator o and weigh. M

4. Ash- Plgen lids and the uncoveféd’crucible used for the volatile matter

ARSI TNING

weigh. Repeat burnm@f the sample un& succeeding 1 h p iod of

q W'] AINIUHATINGIAY

ledge of the furnace (300
00 "f#“"

in error. Cool the
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Calculation and Report

- Calculate the percentage of moisture in the sample as follows:

B) 100 (A.3-1)

R\

;giems ot‘mplem 105°C

where : A

- Calculate the

(A.3-2)
where :
- Calculate
(A3-3)
where
f’J" S . ..
- Report all results to the'f est*decimal™ alues for duplicate determinations

@ 3sib flfferences

“ConstitucntDetctmined——— " Botucen UJ ’ lcatCS %

W)

T j@
Volatile matter

ﬂUﬂ?ﬂﬂﬂiWﬂ’lﬂi
ﬂmmnmumawmaﬂ
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APPENDIX A4
Determination for lodine Number (ASTM D4607)

Procedure

ol o oo -. temperatllre

matlon of three carbon
\

e
] ‘ iith a ground glass stopper
acid ‘solution into each flask
containing c:

7. Stopper eag ; wir zently until'the carbon is completely wetted

8. Loose t
9. Placeona
10.

11. cool to room temperature
12.

° Z@sk

14. Filteiea aii-No. 42) into a beaker
15. Plpjjo mL of each filtrate into a clean 250 mL ﬁ?.lplknmeyer flask
16. Titrate .ﬁwlth standardized 0. 1 sodium thiosulfate solutions until

FLEELS, RENINEINT

8 Continue the filtration ?th sodium thlosulfate until one drop produces a

AR RYOSAUNIANYIAY
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Calculation of iodine number (X/M) (mg/g)

where S is sodium thigsulfat e weight of carbon (g).
To calculate the ValNGOEXIV ’&ng value:
A — . e i',
— (A.4-2)
where N is iodific ¢
(A4-3)
where N is s
(A.4-4)
where DF is di hydrochloric acid volume
(mL) and F filtrate
- Calculation of carbon dos dlation iodine number, Eq. (A.4-1)
(A.4-5)

where S r of the carbon. For

approximation ﬁébon dosage e A4-1 ,llll‘

AU INENINGIns
RIAINTUNRINYINY



Table A.4-1 Approximation carbon dosage (M)

&9

M M
E [ C=001 [ C=0.02 03 E C=0.01 | C=0.02 [ C=0.03
300 0.639 | 0.549
350 0.619 | 0.531
400 0.600 | 0.515
450 0.582 | 0.500
500 | 0.566 | 0.486
550 0.550 | 0.472
600 0.535 | 0.460
650 0.521 | 0.447
700 0.508 | 0.436
750 0495 | 0.425
800 | ‘ e el et U St U e el 7, 0.483 | 0.415
1000 | 1. :l 0.5ﬁ 0.440 | 0.378
1050 0491 | 0430 | 0370
0.362
1150 0.861 | 0739 | 2400 | 0471 | 0412 | 0354
€ o/
3 ) 0592 0.680 YL

i p
1250 | 0904 | 0.792 | 0.680 | 2500 | 0.452 | 0396 | 0.340
1300 | 0.869 | 0.761 | 0.654 | 2550 | 0.443 | 0388 | 0.333
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E C=0.01 | C=0.02 | C=0.03 E C=0.01 | C=0.02 | C=0.03
1350 60 0.434 0.381 0.327
1400 0.426 0.374 0.321
1450 010418 | 0367 | 0315
1500 1 0.360 0.309

- Calculation of re tion i number, Eq. (A.4-5)
(A.4-6)
Using logarithimi K ‘ each of the three carbon
W
dosages. Calculate” the deast s et points and plot. The iodine

number is the X/M

regression coefficient for thy 7

ﬂumwﬂmwmm
ﬂmmnmumwmaﬂ

lue)”

&

AY,

oncentration (C) of 0.02 N. The
d be greater than 0.995.
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APPENDIX A.S
Determination for Moisture Content (ASTM D 2867-95)

1). Oven-Drying Method

* l

ommer01 __.My heated, forced-circulation

dI’ymWf temperatm:@tween 145°C and 155 °C
sed y
i LR ight tles with ground-glass

Materials

1. fom the sample bottle a 1 to 2 g
representative sample. Put this edried tared capsule with lid, close
and we ce to the near dep. jf the carbon in the

2. Keémoye cqﬁ%m a preheated forced
cir(‘m‘tion oven (at 145°C to °C). Close th sven and dry to constant

Welght‘3 normally sufﬁcwnt) n the oven and cover the capsule

A ANENININS

rocqlre for Activated Carbon Larger than A No. 50 Sieve
- UseaS5Stol0g repre‘ntatlve sample andyweigh to the nearestf2/im

ARIHRATRIATINYIR ]
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Calculation

- Calculate the moisture content as follows:

Moisture weight% = -~ IV// | (A.5-1)
where : : 4‘ of ca )f#
— '
ht ogapsubq original sample, g

dried sample, g

sk with ground-glass
r of the Allihn type with

- Drying Tu A suite siccant with fiber-glass filter

- Water Trap-A B 0 mL or a Dean and Stark receiver

with ground-gl "'.-? . ould be clean so that the shape

@e beginning

rglosed elements and

Reagent

A it 7%2&?[?1&%13 i NN

Preparatlon of Apparatus

AN asfanismadnygy
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Procedure
1. Weigh the sample bottle. Dip out with a spoon from the sample bottle 25
to 50 g of the sample. Put this into the boiling flask and reweigh the
wyl dd 100 mL of xylene and connect the

ns having density less than 0.30

sample bottle to the;

R t.the rate of abount 1 drop/s
'\: x until there is no further

v period (from 2 to 8 h

ﬂUﬂ?ﬂﬂﬂiWﬂ’lﬂi
ﬂmmnmumawmaﬂ
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APPENDIX A.6
Determination for Specific Surface Area (ASTM C 819-77)

Apparatus

- Micromeritics, A

- Computer an

4. Weighd0. sample 1 ole tubing

activated carbon at 150

¢'tubing after outgas

. i Ve pressure [tilibrium (P/Po)
e ,
2. Pass 99.5% No (free‘oxygcen) unt i€ elatn:zgressure at
e' orum 00O R, J

=4

- Determinatioﬂr spe

Plot graph bet‘eaelatlve pressure (P/P nd qualities of N, that adsorped at

AN IS
qmmn sHlTTI Ny 8y

where : N Avogrado number (6.02 x 10* molecule/mole)

A.s = Cross section area of N, molecule

MW = Molecular weight of N,
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APPENDIX B

Table B.1 Effect of carbonization temperature and time on physical properties of

prepared charcoal
01 atile matter Ash Fixed carbon
t 0 (% bywt) (% by wt)

Carbonization
48.6

53.3
534
56.4
58.5
56.7
62.4
66.7
67.6
65.9
63.4
64.8
69.3
70.3
71.0
64.8
66.1
66.4
67.3
66.9

Yield

Temp. Time
(°C)  (min)
450

500

550

600

Table B 2 Ch:ﬁi‘ cteristics of activated carbon form Eu yptus bark by steam

NI RO TAT

A ctivation ‘ F=Y
60 75.4 26.6 0 47 308+15

663 @325 571457

QW?NNMJW? NEINY

52.5 37.3 0.37 693463

950 60 54.5 30.4 0.41 576+23
90 53.1 32.7 0.38 604435

120 45.1 38.3 0.39 613+53
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