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Abstract

This research project was aimed to study the preparation of activated carbon, a large
surface area adsorbent, from lignite coal by physical activation process. The preparation
method consisted of heating the raw coal under the nitrogen atmosphere, known as
carbonization, followed by activating the char in a tube furnace using carbondioxide and
water vapor mixed with nitrogen in appropriate proportions. The variables studied for the
activation step were temperature in the range 700-900 °C , hold time from 30-90 minutes,
heating rates of 5 and 20 °C/ min, particle size and two types of coals (Maemoh and Lanna
seams). The activated carbon products were analyzed for the following : proximate
analyses, percent yield, type of adsorption isotherm by gas adsorption method, specific
surface area, and pore structure. Batch adsorption tests for removing phenol from solutions
were also performed to compare the adsorptive capacity between activated carbon prepared
from lignite and a commercial activated carbon prepared from coconut shell.

The results showed that coal char prepared under the temperature range from 700 to
800 °C gave the highest of percent fixed carbon of 50 to 55 weight percent. The overall
product yield of activated carbon varied from 20 to 50 percent by weight and its value
increased with decreasing the time and temperature of activation. On the quality of prepared
activated carbon, its fixed-carbon content went up to about 70 percent but the ash content
was also high with the maximum of about 30 percent. When activated with 25 % CO,,
maximum specific surface area of 460 m’/ g was obtained for coal with particle size of 300
to 425 micrometers, and for carbonization and activation conditions at 800 °C, 60 minutes
and 900 °C, 60 minutes, respectively. In addition, the prepared activated carbon possessed
the following pore volume distribution : 29% micropores, 63% mesopores and 8%
macropores with total pore volume of 0.38 cm3/g and the average pore size of 3.30

nanometers. Most of the activated carbon had pores of micropore sizes of smaller than two
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nanometers, thus showing the type I - adsorption isotherm. However, as the activation
temperature or the activation time were increased, the volume of mesopores tended to
increase, causing the isotherm curve to change toward Type II isotherm.

Generally, increasing the activation temperature resulted in an increase in the specific
area of activated carbon. The specific surface area was also found to increase with the time
of activation up to about 60 minutes but decreased at longer times, possibly due to the
blockage of pores caused by the additional release of volatile components. As to the effect
of particle size, it was found that both specific surface area and total pore volume of
activated carbon increased with decreasing particle size. This could be due to the
corresponding increase in the surface area of coal particles which favored the gasification
reaction during the activation step. The use of water vapor as an activating agent gave about
10% increase in the specific area of activated carbon as compared to the use of
carbondioxide and also yielded slightly larger average pore size of the prepared carbon.
Activated carbon prepared from Lanna coal gave higher specific area as compared to that
from Maemoh coal, particularly when activated with pure CO,. The adsorptive capacity of
activated carbon prepared from lignite coal was able to remove phenol by as much as 80%,
provided that the initial phenol concentration was lower than 80 mg/liter. The commercial
activated carbon prepared from coconut shell had surface area of 1197 m2/g which showed
much higher adsorptive capacity as compared to activated carbon from coal. Methods of
modifying the lignite coal structure prior to activation step were also proposed to achieve

activated carbon with higher surface area.
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1. carboxylic acid 2. phenol 3. quinone

4. lactone 5. carboxyl anhydride 6. cyclic peroxide
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M3EN 2.1 dagaudmsumsndacuiudug

Activated carbon Raw Materials (tonnes per year)
Wood 130,000
Coal 100,000
Lignite 50,000
Coconut Shell 35,000
Peat 35,000
Others 10,000
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Raw material

Crushing and sizing

v

—> Pretreatment

v

v

Sizing

Sieving

v

v

Granular activated carbon

b

Carbonization |4
Activation
Grinding
Powder activated carbon
Conditioning [€&———
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M3nh 2.2 aulifvesiagdui ¥ lunsndaduiuiug O

Raw Material Carbon Volatiles Density Ash  Texture of Activated
Wt.%)  Wt%)  (em’ g')  (wt.%) Carbon
Soft Wood 40-45 55-60 0.4-0.5 0.3-1.1 Soft,

Large Pore Volume

Hard Wood 40-42 55-60 0.55-0.80 0.3-1.2 Soft,

Large Pore Volume
Lignin 35-40 58-60 0.3-0.4 - Soft,
Large Pore Volume

Nutshells 40-45 55-60 1.4 - Hard,

Large Micropore Volume

Lignite 55-70 25-40 10.-1.35 5-6 Hard,

Small Pore Volume
Soft Coal 65-80 20-30 1.25-1.50 2-12 Medium Hard

Medium Pore Volume

Petroleum 70-85 15-20 1.35 0.5-0.7 Medium Hard

Coke Medium Pore Volume
Semi-Hard 70-75 10-15 1.45 5-15  Hard,

Coal Large Pore Volume
Hard Coal 85-95 5-10 1.5-1.8 2-15  Hard,

Large Pore Volume
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Raw material
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Crushing

l

Milling

l

Mixing with binder

A 4
Extrusion

A 4

Drying

l

Carbonization

l

Activation

l

Screening

i

Conditioning
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dufimdvegidiud el Inseadra Tuagauuuiumuuazes Tsndnudndemyvenssiing
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Pimnuassameezgmlandasednsiasy  msveussSusdaiiusafinniosilfifadeia
3 oA o o o a dao $/ 3/ o
nndugnguunalugniudfiefisuiuiagaunidasims Iarufoud
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Taga ldmsnszquillumsildadusuviedudinnuwquunafiutas i ldiinnuaunso
o 4 <& ﬂ & 4 da o q Ya ot ' 4 a
Tumsgadugedn Futluwanain mamuAuiduesmsilddidianudsslanniy  mahy
Aw d'a & o d’o Y a O o P} u:i ]
wunAwenmileninwdnuarufeuiiihldifansuaniniussusenyivgaesnldtiouds lu
Ufisounfivesnisnszquiafidamsan q  fAfehseglusssinszniewanasueusen lilnin
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ihuiimihfgadudndan doumsih idfslianuies hunduianmlgisouaiinild luaena
J a ¥ n:ido o J dy aaa <X 9 s
yrngungasen luaziadauniissgaduiuuuny wenninfiynsouniilumsnsedu &
1 o { L} U |73 J
selimsveusanfaouTassadnlmiliianudeshlunmsgadugeiu
Fmsnszquuaisesnidlu 2 uvy TAun IBnszduniemenn (physical activation) Az
] ¥
ASEAUNIAT (chemical activation) §UN 2.7 UAAHUAIYBITTMIAEANI 2 DY
s v ad Y P a 1t v @ & da s a o
dmiuTiaszqunumeamduilumndacufuiud Tashidamsveunamsilasuumlas
-4 [] ¥
nemoa ey Wiigngunnadis 9 WiiRuiRnnndy sazmiveulinisiaislassadie
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Carbonization Gasification

»| Char p{ Activated carbon
(CO,, steam)

Raw material

impregnation/carbonization/washing

—p| Activated carbon

(H,PO,, ZnCl,, etc.)

[ k4
11 2.7 wwudadmsunssdaaduiudisuwunssdunemenm wudsdauon)

uaznszdumunil (uwudsdauais)
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(i) C(S)+H20(g) —-)CO(g) +H2(g) AH =+130.5 kJ /mol

i) Cg)+CO,, —2C0, AH = +159 kJ /mol
(iii) C(S) +02(g) —*002@ AH = -406 kJ / mol
(iv) ZC(S) + Oz(g) —)ZCO(g) AH =-123kJ/ mol

14

F v
umuwwumau‘lumswﬁmmuﬁuﬁ’mﬁm?‘ﬁnsmunNmﬂmw"lﬁ’uam'l"ﬁugﬂﬁ 2.8

X da (17,18)

24 nszmumsqﬂ%’mmzmsmwunm

L.

2.

1 [ 4
Taom nssuaumsnisgaduveafas wiseen &y 2 Usuian &l
1. MIYAFUNNAENIN (Physical adsorption #1390 Physisorption)

2. M3 @ﬂ‘ff‘u‘ﬂ']ﬂlﬂﬁ (Chemical adsorption EL) Chemisorption)

MIYAFUNNLNIN LﬁﬂmmnsqﬁqQﬂszwinamanﬁwﬂwmﬁaqﬁuﬁuﬁ’agﬂﬂﬂ

F1 (adsorbate) A20usBAMTsATUUYY van der Waals Sufumssutuiicounas i
1 4 . [
Wuszialifavy awieuveamagadudnlssaina 8.4- 251 kimol Wunszuaufiate
v ¥
amfeu Hndenunsedui (activation energy) tazlifimsunninvesiuse dufuss
a 4 y_ =] @ el o <& a ¥ J adw o
duwsofiatuldednai luiuiii luegadumandfmi udnsdifiggadu
(adsorbent)  ANUMUFY  Sanmsgadurzdaunsiwgnitiadassasisivesmsuns
< Q d“ ) 4 a 3’
melugngy Pinswesnngadunvuiifuuyhimmenzn msgaduersifiatula
o4 2 S
wInnMmilaguves luanafigngadi _
o = a o aa 4 ' s e Y “ =
magadumunll - ivuszialinaiusznivesaeuegiomhivesaeunie luanaign
gady Juflunsduiudause aawdeuvesmagadulin Yseinw 628 - 83.7 Kimol
3 » ¥
asgadunuuiiduuuummznzes nanfe Jutusiaveshauazsiavesiuioves
o [y v o  da 9/ u’/' = =} £ o/
dgady  ngadumsidmiiezdunuudufer monclayer Mmyfivrlimsgaduma
t 4 ] .
wiidhgauga (equilibrium) Wuszdesldnanulasmmzfiquugiid1 waveguugil

' = A Y ci ‘3 o o = 4’ o/ IS
mﬂsmmngmwamuzﬁuaaﬂmuﬂmummszw 1Jsmm"langngmmsummn

Zr  =h.

4 [] v o
gumgiiganinaineaveImsing Usnamsgaduszailussgangiiduwasine:
Anfeuiioanindnsuivesmagaduiisdni i liifamsdud

[ { 1 @ o/ o v {
anvazuananfuveImsgadunienonmuazmsgadumanil lduaas 3y e 23
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Raw material

Crushing/sieving

v

Milling

v

Mixing with binder

v

v

Briquetting

Carbonization

v

!

Activation

Crushing/sieving

v

Conditioning

7 2.8 uwudsdmiumswiasuimiud TasiEnszdumemenn
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i 23 dnpazfuandreiuvsimsgadumenenmuazmauni

Physical Adsorption

Chemical Adsorption

Heat of Asorption, kJ mol™

20-40

(comparable to heats of

>80

(comparable to bulk-phase

liquefaction) chemical reaction
Rate of Adsorption (at 273 K) Fast Slow
Temperature dependence Decreasess Increase
with increasing temperature
Desorption Easy Difficult,
by reducing, presure or high temperature is required
increasing temperature to break bonds
Desorbed species Non-specific Very Specific
Monolayer coverage Mono or multilayer Monolayer

dependening on condition
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To Twmenwesnsgadiy (Adsorption isotherms) AeArmdniuiszniummduduvesiagn
o Qo b d‘ 4 { A o { S L o
grdulumsazmeiufBinuiigaduiiaugadlogauglinedl  dwfumsgadufa'le ameuves
o 1 i Q' A 4
msgaduslinuasuaslyTaosunngudie p° = 0 wufla infinity e PP° = 1 Fuiuga
sa 9 et [} ¢ o A a ' a o
hamihitlenediauysel 1iude maiamsalumivvesleveslumnafigngadiy
1 g L% o Qo s o o
ivedle lemensuegiusssundvesdgaduuasigngady leTmmouvesnisga
v ¥

3 ]
Fuiumsgaduuuiuficituegiuanudu quugll uassiiavesmsfiléifiudagady (adsorbent)

Y o LY a o ' :’ Y o L2
HAZAIYNYALY (adsorbate) 0l n ti‘luﬂsmmaamsqmnmumunmmmgmmsuﬁmmm

L .4

, ’
uRuswauns 1Adedl
n = f(P, T, adsorbent, adsorbate) 2.1
i lgaumngilingil (sothermal) unzdmivigadunasdagngadugnit 4 Moulds
N = fP)r sorbate, adsorbent ' 2.2)
n = f(PP O)T,adsorbate, adsorbent (2.3)
1o PP’ = anududunng (Relative pressure)

[ o A o o
P ﬂ’J'ﬂJﬂu‘UﬂQﬂ'l“lWllﬂuﬂ'JQﬂﬂﬂGBU

0

9
LY

Y a o {d o o =
P = mwduledudmesiaiidiudgngaduiigungiithi o

14 1 y
nmsiafuffasantldnindeyanmsgaduvesianioveunaruuiiuizvesdagady

[ A 4 I Qs o e a L)
Tagldusz Tomnivinmsgadunuumenin Flinnumanuasiusgiusiavesiigady siiaves

. a 19
qaimmmmaﬂen"lﬁlﬂu 6 ¥ia Iay Brunauer, Deming, Deming and Teller (B.D.D.T system)( )

U0 2.9 waasleTemeumsgaduilsznnen o

=) ¢

1 ] E4
¥iia 1 (Typel) BoA3WUY Langmuir dwsunisgaduidiuuuudu@es (monolayer) iilu

a1 = ' o aagwu d'd 1; - -3 wcidg d'a ; =t
u.mjmw‘nqmmuﬂmmmnmﬁa‘numquummiawuﬁlum@,ﬂwmwunmmsuaﬂmumug

1 1 4 1 1 o @ & A A (4 a dy = A
wyudwlngiduluinsned wu dwfuiud we &lelad nsdigull Ysmmsveagniuaeziian
9

a

{ g y [
nnnhuSinasimidifansgaduuuy  Monolayer misgaduuuiisswy ldlunmsqaduiden
o { o o 1
nduld duveswdenfilnseadragnpuuuylulaswes  Taofaegngadusudugnuetiesia
4
52 daud PR°<1 gnguliving < 2 nm

o

] ¥ ' o a ] '
‘yiinfl 2 (Type ID VWASAUSENI Sigmoid 13e S-Shaped isotherm Mnvzifafiuiagn hil
'Y

) o 1 A o o 1
ANUNFUKMSBTAMNNTUVLIA MY (Macroporous) AWMU B HIUUAAIBNHULAR IOV UV (knee)

Sludwmisifmihganguuuy Monolayer uda uazisumsgaduuuy  Multilayer HAAUGS
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Specific amount adsorbed n

i

B
<
\'A \"4 vi
I /1
B
< -

Relative pressure p/p°
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Fd

=2 Y Y d An ¢ { & o as
wull  dgaduliuuuvvewdi hiflgnquvSefifigngunuuiunlnsnes FaNAMIGALY

3
Y

HUUMAwEU 1Asesiia monolayer ABU AWAIY Multilayer i P/P° NiAga

giua 3 (Type ID Hzdiuwilounszandy was hifldwmisimiiouui (mee) 1ol

3 [
wenuithiseswumnmin  wwiafumsgaduiidsen  wwagnpuiiuuuuveandhifignyy

b.

. g et g A << 4 Y o o o

(nonporous solid)azueuieiifi luTnswesudiluminiifiusdgasznindgaduiasdgngady

heewmnnihligadu1dies (curve Budh) A monolayer i P/R° f1 Ldiloima Multilayer vz
= 3 o % o o o/ ; { { J

Maussdsgasznindigngadudetuecildgedulfnniuil pr° Afidge

a o o/ o o t [ 2 o

yiiah 4 (Typelv)  dnwewuluiagifiviagnguszudn 2 8 50 nluwms Fedah

1 A 1 ; o/ - i ] [ ﬂ’: r L

dhidilanes Jugrmsniaiiar Pp° mezmilouiyle Tumousiiafl 2 udndammiusmmsgady
A 4 ] d 4 4 & a { a ]

giiudueguasudied PP’ wn Gufavinmsiifamsaluuduuailars (Capillary

N $ é o - . | ] . .& =

Condensation) A¥ulugngu  &whldifin Hysteresis loop 11¥29 desorption Fadoyavesmsiia

nmsauutulusesmdaarimusoi INAIUIUNINIINILNGVUIAYBIGNTY  (pore-size

distribution) Tuveswdvuiilawes 18 msarumiuuallar?mif desorption Suaigadun

g4NNIINA adsorption NATNAUTY

gHiaf 5 (Type V) tiloustiaf 4 arfuioaudanmsaruuiulugngu (@ hysteresis loop)1u
ada & A& ] & 'K o
ns@fifadudion P2° gand e Tmmoumwuiivzwn bivenin

1) ] [ R ¥
¥iiaf 6 (Type VI) w3ohiSun stepped isotherm fialuvended lifignuuuiiede,

(homogeneous nonporous solid) Tauinia monolayer @NYT ﬁﬁﬂﬂ!tﬁ’)ﬁﬁ&ﬁﬂ%ﬂﬁﬂ 9 1‘1]%14?{1!‘1473{

msgaduiifedefifndeldusnrusunionududunazaiiavesasgraadunazaiga
$u msgaduTaoita linihnelRgumgineiiuas@mndennuduiuiseninlfinawesnsga
Fufunruduiiannzaugavesmsgady uanuduiuiiléGoni  lelmmeuvesmsgady
(adsorption  isotherm) ﬁ?ﬂtﬂuﬁnym:mmzﬁﬁuf“\’mmmm;wiwmmsqﬂcﬁu doyaninlely
mamnmn1sQﬂcﬁummmmmﬁmmmﬁ{uﬁﬁanmzﬂ‘s‘mquw;mmzmsnszmwmﬂﬂumg
wiu'la

a o S a ) . (20) é’ o 1 1]
“luﬂimmsqmmmwumm (monolayer adsorption) Langmuir ! LEUBAUNTNIYATY U

= —-t (24)

n, bngy

P P 1
n
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e P

ANUAUVBIATYNAATY

R.

[4 [
Snuvesasgngadunaugademizniminvesasgadufinaudy P (mole/g)

v E 4

n, = YSinaesnsgngadunGouusuis ludnyasnaguiinvesasgady (mole/p)

n

4 4 o a

g o Q" v @ 4 o o
b= auﬂszammmms@wwwun‘uamﬁqmmzﬁaﬂymzmmz"ﬁuﬂwummmsgn

Q

AAYLLALA1TYAT

4 o ' o & 1 o o1
WiendeanaMsenine P iy P agldnsvlidunsadaninminaususzm o, 18 uaziie n_

2 da .
muaRs e ) Tdnnauns

S = nAL @.5)
A &‘ Hda o 2
e S = WUNHIVUNIY (m'/g)

)
-

3 4 d o &
A, = WuimasiigninaqudleasgngadumilsTuana, m’
L = snshezlantlas (6.022x1023 molecules/mole)

] 9y
dmiunsgaduilinsgaduvesmsgngaduifutuumatsdu (multilayer adsorption) Hioals

L4

(21) Y
AUNITVYDY Brunauer-Emmett-Teller (BET) Aail

P 1 C-1) P
— T = +( )—0 (26)
n®-P) n,C n,C P
A L Ql - o/
e P’ = anwduledudvesasgngadu
n = YTNUAIPNAFUNAIINAY P (mole/g)
: 4 ¥ E 4
n, = Ysnamsgngadunuusumeninaguianivuavesmsgady
v - ] oy v o Jdo [ o >
C = anedt mirwhfiarwduiusiundsnunisgaduTaoh
AH, -AH
C = exp —4A L 2.7
RT
A Y o g a
e AH, = ANUTBUYBIMIPATUIULFUIAYD
14 ]
AH, = 17w fouvoeansgaduLuuInaIssy (WUABA1 molar heat of condensation)
R = gas constant
T = quugliduysel
k4
Aaiu AH, - AH, = anudeugniveansgadu
[ ¥ P { ' a - ] Y
Tasmsnion f v = sldnnlidunsehlimnimdu = uaziiAgada
n{P" -P P n,
1 v & { ¥ A

1 A ] '3 Ay aa < .
UUILTIANC UAT n mmmsmn"lﬂmmmmwumm"lﬂmnﬂu‘luﬂimﬂm Langmuir

n C

m
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lunsdifideamsmmiBinasuaznsnssnisnnavesgniuiitvnadn q  Tudwfuudes

dosordudeyaninle Tumenvesnsgaduiiorh ldmasmdaeisnse 9 W t-plot, BJH,

. . v (18,22)
Horvath-Kawazoe, Dubinin, MP t1a% DFT L‘ﬂ‘uﬂu
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uni 3

A o o -
IBANUHUNIUIVY

3.1 maessngunvanlun

o 1 a a r'd ' 3 -
1. vhawiiudn lwinnmieasinnzinuaneudsmiesuane1usia jaw crusher
S o 1 a 4 v = A = .
nnfuthouruivarauud luaasPeadromsesunazidon LUy ball mill
o I & A . o '
2. nuiufvaaz®sandnnfauna i 189299118 20x30 mesh az 40x50 mesh
AIUIATOUVENAZUNTA (sieve shaker)
1 A { o { s o : @ i
3. sunwAuifsavinaudIfiguugil 110 °C Eeruraidoa) sunseiahmina
Y o
udaialfiduluTaganaudiu (dessicator)
o Qs 1 a A I's ~ o X
dmsuawiuan luinnmiesanin1dwsouTasiTimeaty uasalilduwa 20x30
mesh (850x600 luTInsAT)

3.2 msm%'ﬂudmin‘fi' (Carbonization)

1. FIOUAUMIINZYUIA  20x30 mesh uazfeuuRadswu 15 nsn ldlu
MFULIHS NNV ‘

2. 'l lumuwnuuvie (ube furnace JU CTF 12/75 - 8o Carbolite, UK) neld

vssenans navesmalulasiou Taolddasims Inavesfe 100 fadansee
a oo P Y a ¢ s
wiit Teelidunlsidne 1dun qamglinaznawesmsmive lud
- o o (Y ] 14 & a
3. wensumunmiidmua  YamnTasderiumaluTasouudasesunseiigungll
o ' ° S 2 o 1 PN LY ' J 9
molumanasdindt 200C  Bimtulahouuimumsmfifuaunsuds
k4 ¥ b4 ] ¥ ] [ 4
gennint M ldiEululaganiwiu imininnduimindei lindesasi

minime lluazdesaznanaai 14
3.3 manszduanurislddiudmtuiudlasiZmemenn (Physical Activation)

1. doussnesey Tasldouiuan lunannwmiewumnzd13msesououly

) v ] o
49 3.2 wdaimin S 6 afu udunfsuns 9 NeuUAzLATId T LN
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2. hazunseldnsdummuuuse Tasl¥Mamsveu laeen ludnse losiniluais
¥ [}
nisqunnin Y5udas lvavesmsnszduunz e luTasould1@eeddsznoud
¥
doams dmsumsnszdudae co, uazleringldeglugivesiananidus 25%
b4 ]
CO,+75%N, #9e 50%1011+50%N, mudy fesnnuhdmsudwiunn
unasefiuaududuvesasnszquiinareudralosdeguautifuesd sy
v A A ' L da ' d o a9 va a <
fudnwTould wu Auifreminimin falulasounldianuusqns
) Q’ Qo i
99.99% uag CO, NANUUTGNT 99.8% 6A5IN3 InasIveIMeHANAINT 100
Haddasdewii dwlsiidny 18un gamgdi 700, 800 uaz 900 °C Sas sty
YBIQUNYI : 5 wag 20 °C dieuN uaz1IA1 : 30, 60 uaz 90 UM
& o o LY Y 1% o o
3. Wearumunaiidmua U wyadasinslvavesansnszdu udnlsusasims

InavesialuTasioudy 100 faddasdewil sesunsziisgumginelumanas

[}
o )

] ¥ 14
MA31200 °C Inhiwirumsnszduudlesnvinem Aaliidululagaanudiu 0n
3 ° o :‘ CY A ° o :’ o _a ) a o k4
thnhangaimdn i lddnnamiesazhwminiivie luvsedevasnandan'ld
dmsudmniieSon s mfiuminnguing  40x50 mesh (300 - 425 luTaswas)
uaza s iwon TaolddwAuan luinnmiissaun Idnsedulasisiduadud 900 °c

Wunan 60 wit Tavldsanmsiiugamgii 5 °c dewndi

[ QA ' a J d v o o d
3.4 myiaaadifivessuiiu o1uw1s uasefuun
o o/ a1 3 - é 10 = L) - é LR
Mz iauianeg vesiagavdsldunowiunazniadusia ldundy
d ' o o I 4’
MsuazauiuiuATiael

o U @

Q =Y 1 L4 L7 % é U
1. AISAIUIUYIS BURLHANAATINYDID 1UAUTUAN IR Fala un 18y
:. ing "uﬁ‘ 1 M :’ LY % 1 1
DT %100 dawfesaztimninsaudive lfidwivy (100 - Zovaz
hminowiuday
HANARIIN)
J [ P=3 et o o
2. msmiansgaduleledu 1935msanszvannasgiu ASTM D4607
] y
2 . . o Al
3. MIUATICHULVYSEIN  (proximate analysis) INeM13BYAzUTINMALHY
Y =y a o [
ZogazdSuraasseme  fesazilSuaudwazdesazdSumasueunian
a 4 . . i v . '
Tn1eH neldaies Thermogravimatric analyzer (TGA) BY® Perkin Elmer u

TGA7 Tae8dT a5z uenans9198e (23)

28



E4
a

4. mimﬁuﬁmﬁnwmmzﬁ’nyngw;u Insei Tanldindecinszinuiig
uuusaTul@ B Micromeritrics Ju ASAP2010 Tav19fhalulasoudiugs
Qnaaduitgangd -196 °C Femiiimsumzansofindnnaunsns
QAdUIYY BET, MUFinasgwiuviiadin (micropore) MuUInINAUNINg
QAFULULY t-plot, ANITINATIHTUYUIANAI (mesopore) AMUIUTINANITATS
QaduLuY BIH, mySuasgwguuuialug (macropore) SurmeInnIsinmg
TwvealfnaspngunnadnfulSunasgnguvinanaesnniniiinasg
w;uﬁymuﬂ, ﬂ'11J?mm§w§u°ﬁmuﬂm"lﬁ'mnﬂ?mmﬁqn@ﬂci?wmﬁagn@ﬂ
duluannzveamariinnufuduing 0.98 HazMNAIRTUIRALA I INAY
ms 4v/A Tagit v fie ﬂ?mmgw;u?fwm A fie Hufimsumznnaums
MsgAdULUY BET

5. s lmTefEnyusiuAest iy g uassufiiudldndes
yansseniBIAnATBULUUAUAY (Scanning Electron Microscope : SEM) §%e
JEOL {4 JSM6400

v
QU

3.5 anuaEnnselumsgaduvessufuiiuafiniellduazvestmumuiudmamsdn
ihgwiuiudfiei o lRuazdnfuiudmemsfieduas 03 nfy  umageuues
Wisuifeuanuaansansgadumsazaneiiueaiinududy 100, 200 waz 300
findnsudedns Tavl#35msqaduuuung (Batch adsorption) Migamaf 30 °C vunszits
dhgmuganniuiamnisganiuumsesasazaiiueafimiodieinios  UVavisible
spectrophotometer %8 Varian U Cary 1E tdniluifeufunsmhnasgruitonany
Wuduvesmsazmefiueaiinde  ihdeymndnnsnlsz@niammsiidailueannms
azay
wneme  owdufudmansfiihunnareuanumansalunsgadudiudwuiudi
wimmnnnnzanzndn Taolfleiduasnszdy  Taeldfuanuerynsieienudin
&.launudamsueu $ira c‘*mfwg'ﬁ 67 Wy 2 Awanuestiama Sunales Jwmda
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HamInaasazINIaiNG
%umuuinmmmswﬁﬂfimf'fuﬁuﬁﬂﬂ?%nﬁnsw’jumnmﬂmw UsgneudismamSouaiuans
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hmingniimelleanasediesadalugag 20 wiusn wdniminvesd ez indeud
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A5 HILUsEaN (proximate analysis) WUTIA3BEAZUBIMITUBUAIN (% fixed carbon) 3IF13N
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msfinuwavesquugiivaznmlunssyaumsmanseduuas 1819 winsfinToufigungd so0°c
nan 60 wiil dmsunsAnmavessanimstuaudey  MnreymAvess ez siiavesdy

Hy

4.1 Famimnztuudszana

A15199 4.1 HAAIRIBINHAMTIATIEHHUULTZIIYeIT U 01Uy uazoususiudnield
annean q miu @ udlefoudusuiuduiesauens asuiudfims susnemiuinnzuazeiu
a o (o s o a & 1 e o 9 a v @ o
AununiiffinumsveunsduiniuuatilTinumsssmoanas Tasdmsudoyayall owmduiud
vingAuanldmiesazaisuounsdigegaimiiny 68% diudesazmsszinovestuiuiug

{ 1 J : ] O’ o A 1 -3 QU { ]
@IoNNAN1IZNTTAUAN 9 Tadaa 8-10% Tamimin WeonlSsufsusuiuiuaimionldonam
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