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CHAPTER I

INTRODUCTION
1.1 Motivations \\“’//
Energy crisis._is sntheone of th nt global problems, and the
seek for aIteranes Fps beeﬁ-eet-csﬁan international target for
which consideraialer arch-ef ave b en-ir ricultural sources have

been proposed a i C hey ‘are genera gnewvable and exert a lower

raw material iitoil, (pa il§) ete. ‘Jatrop one of the promising

plants for servin i ' ( S tkability to the drought of

can be used directly i gin rans of Jatropha seed could

generate approx. one Jier g oil,-during t licseM@iroduction, a large quantity of
waste from Jatropha seed eake S—prog #™and being a problem to eradicate.

Generally, agri ﬁ ie-is-cor gnergy, or fermented in order to
produce b@ ' pilon) and these can be
effectlvely@l iy gﬁ content. However,

this option do —. ot as ﬂanic fertilizer could, at
best, cost at omlo baht per kilogram. 1| ‘
Activated ‘w is one of the fe@ldrable treatment approaches using
|Mﬂlﬂlnﬁuﬁnmrﬂﬂlﬁﬁ e.g., air
puAfier i t rin e ater imdustr etal®plated ineustry, and
food "hdustry, but in domestic ?ctor purposes also eg absorbing odor fr m

WIS ARTIE b WY

2008 has continuously increased from 205, 267, 729 and, 1,230 million baht,

respectively. Thus, it can be seen that activated carbon market is wide and has

potential for consistent demand in the country. It should be conclusively stated that



activated carbon can mainly be generated from agriculture waste. The cost of
activated carbon is normally over 3 times comparing to fertilizer. Hence, this study

aims to investigate the conversion @f gjairopha seed cake to activated carbon using

chemical treatment. This i

such conversion. g§
———

1.2 Objectives / .

This main Obj

Jatropifa segd go ‘

1.3 Scopes of the rg ea
M"t

1.3.1 Thg#leteg |n lon ‘;,_4#. cond ' ) (M@ activation of Jatropha
;‘ !‘ e \
from each part is peg Y| -ﬂ ’) ~v, pataipeters:
r 3 i ||

- Acfivatig temg dl J-"-" 400 4780°
- Weight : atio'g {* "”ﬁf’ emicdl reagent (impregnation
ratio): 1:0. 5

§277 Il

1eriCat agent. Pprnospnonc aCit, PotasStuitt 1 fr. de and ZInC

A o\
13.2 P%Fjertieso activate BRdCated by:m‘

yield

ﬂuﬁﬁﬁﬂwswﬂwnﬁ

Y% fixed carbon

- Apparent (bulk) der‘ty

A AENSANIINYIAY

- Fourier transform infrared (FTIR)
- X-ray diffraction (XRD)
- Ultimate analysis (CHNS/O)



CHAPTER Il
THEORY AND LITERATURE REVIEWS

2.1 Jatropha

Jatropha curea
history of propagatior “Aftic ~Asia 8 Tort uese. (Bringi, 1987) Jatropha
curcas L. or **phySc {5 Hwil )8'Ca elow, is a small tree or
large shrub thate? v pan reach a height of 8-
10 meters under e productive lifespan of
Jatropha is around L Pl uit after 6 months and the
productivity is sifible g old (Viat )¢ o 'Sap awati, 2006) Jatropha
can be used as tra' on O'Eme i’r iNg ¢ xﬁ\ renewable energy source.
The physical pg@Pertige off jatrophe A’g" | .'
knowledge is essengiel f t% ‘*-hﬁ—
mechanical harves ers, mrs,&’

Jatropha oil, produce# ";3:{,'5! qure

depe \- "x,\ MBisture content, and this
VoSt \ OSL harvest equipments (e.g.,

tors, ad sforage bins). (Sahay, 1996)
in b utlllzed to produce biodiesel
alcohols, preferably at their super
009) This biodiesel

from Jatropfiascan-be-used-in direct or indirect diesel-engines; piston ring, and fuel

fuel by esterification react on

critical condjtions w h.ct al.,

injector chokj : 2.3) are generated
[’

as byproduct nerally, atror 9PFOX. 1 ton r oth of seed cake and

shell per 10, OO “m?. A large amount of this seed cake waste will be a huge problem in

C ented for

e Tle '
E i res
subve for the industrial pro uctlon of enzymes such as proteases and Ilpases

tlg e sed ake as a
(Carels et al., 2009)

QxW’]Mﬂ’iﬂJﬁJW]’JWEI']ﬂEJ
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2.2 Activated carbon ‘

ARSATHURIINHIR Y

material ‘prepared to exhibit™a gree of porosity an extend
particulate surface area”. (Haimour and Emeish, 2006) Activated carbon is of interest
in many industries such as food processing, pharmaceuticals, chemical, petroleum,

and nuclear. It is produced from several types of agriculture materials. Two main



factors to consider agriculture materials as favorite raw material because they are
renewable sources and low cost. (Gurses et al., 2006) The samples of raw material are
hazelnut shell (Aygun et al., 2003)griceghusk (Daifullah et al., 2004) rubber wood

|
sawdust (Srinivasakannan et 'gh \20D: utgshell (Gratuito et al., 2008) palm
stems (Jibril et al., 2008) Pgalpts def @ég%és;mdmwwmzm@am%

al., 2009). The considered
properties of raw materials r guction-e i carbon are

(i) low organic o S .- Sewvolatiles are more released at higher
r \ dhan et al., 2009)

(iii) low ashg0nte ' _. her yield for final product

whicigfs I ponagce

(iv) high angFstalie n %‘II

(v) hig Earbofl fixed conten ) i \ }-n' yroducing highly porous
materialsf{Lu et@l\ ‘ff. /Y N \

s of various "' Brials \1 nn Table 2.1.

i W e il

Proximate‘analy

Raw materi re” Volati ixed Reference
. e —:;:::;:_..,_Muu

. .:l.l - . | J
Pistachio-nutﬁ e 21, .|| (Lua et al., 2004)
Rubber wood 0.8 23.4 (Srinivasakannan et
AU NN TN DG o
Jacuun peels 36.0 (Prahas et al., 2008)
Seaweeds 8.8 ‘ 51.7 5.2 £34 5 (Aravindhariiegl.,

q RIANIAUUNINENAY




2.3 Types of activated carbon

There are three main forms of activated carbon. (Gurses et al., 2006)

., 1994) After activation,
ange less than 0.18 mm (US

plications and for flue gas

igh-¢ iciency purification of

0
\ | .
AC)

glameter 0.8-4.5 mm and cylindrical

ations.

2.3.3 Pellets
EAC is one type 0 actl

shaped. The Ttod > same as t . EAT is mainly used for
gas phase apglications-because-of-their-low-pressure=drops=higiinechanical strength
and low dus '»l g

Il

2.4 Production oilci!gated carbon

AumEnIngng -

2 4.1 Dehydration

q RISV TmeTa Y



2.4.2 Carbonization
Carbonization or pyrolysis is a process that aims to increase carbon ratio of the

material. The process can be achie the absence air at temperature lower than

lingraw material has been converted to
/&/} here are three steps of the

,___s-

700 °C. During the process

carbon and the volati , ‘
carbonization processimmmm

(1) Dehydration.o r

» e range from 27-197 °C,
(i) Remo 1 _ S ) dS.gds-an s in the structure under

the temperatu

(i) For ) redowerin 1“'?\_‘ the material under the

Activatiof i %;‘._.- .ri foryi asing Slrface area and pore of
(4 .
activated carbon wiich ar w-y; _ tion. The type and degree of
activation process affegifits ph ;.. al and'c al properties as follows:

(i) Physical of gas & ciivation |
Physical actlvat|on J,.J Ces: ,,,,r | L ogen or carbon dioxide are used

for mild oxigation sivayam et al., 2007) The

process is 'Jlllmiiiii-rlnn d activation Stage
‘. AN 3

(Haimour 34 0. 'ri ocess in physical

ange of 600-9

consequently phyiﬁal activation process by carbonlzed with oxidizing atmosphere at

AULINTIINYINT

Chemlcal activation usually uses chemical agents to impregnate raw material
at range of temperature 450- 900( The activated é8fons obtained by chienaical

RTINS NI

activation processes, all chemical agents used are dehydrating agents that influence

carbonization byj pyrolyzed at temp °C in absence air and

pyrolytic decomposition and inhibit formation or tar, thus, enhancing the yield of
carbon. (Aravindhan et al.,2009) The most widely chemical used is acid such as



phosphoric acid (H3PO,4) (Srinivasakannan et al., 2004; Temmink and Grolle, 2005;
Haimour and Emeish, 2006; Patnukao and Pavasant, 2008; Daifullah et al., 2004;
Baccar et al., 2009; Gratuito et al.,42Q08; Jibril et al., 2008; Kalderis et al., 2008;
Prahas et al., 2008; Yagmuk 6t \ ¢ st al., 2009), and etc., base such as
potassium carbonate .,h %bal et al., 2009; Tay et al.,

i droxi ' ang et al., 2008; Sutcu and
Demiral, 2009), am-"_‘ el e (NaCl) and zinc chloride
(ZnCly). (Aygun etal., “Blrses et al.» 2006; Akavindhan et al., 2009; Alhamed et
al., 2009; Olivame®arj /2000; @liv . ever, phosphoric acid

is the most pre 1e-less o , praflen, inefficient chemical

recovery, and envir, isadvantages Cc inc chloride. (Diao et al.,

IMpareg to physical activation are
lower activatio ure ol§ ' Qicover, activated carbon

il ! X ;
prepared from chengica 10N PFOCESS’ 0 tges large surface area and

al and chemical activations

9

|TI activation

Table 2.2 Advantages and i

(Budlnovaeii 2006 ‘"'/

Advantages m hig OV eillr:tammant
-~ Iarger surface area -no ac

\We, operating cost

ﬂUElﬂﬂﬁVlﬁWEﬂﬂﬁ

- lower temperatu? of activation

q RASIASIIUNNINYA Y

chemical - high temperature requirement

ing agent waste

- impurities from activating agent




2.5 Phosphoric acid activation

Phosphoric acid has been mostly used for the activation of lignocellulosic
materials. (Srinivasakannan et 3 he process of using phosphoric acid to
produce activated carbons_isgabtaifec er ture (450-600°C) and presents a

t contrlbutlon of mesopores.

ed with phosphoric acid,

normally, exhlbW o3 m‘.\\--w.._ eated with zinc chloride.

This is because of ' ion affinity hOI’IC, which leads to a
greater surfa i ef| ads \\\“_\ aimour and Emeish,

i \ach deVelOpment of microporosity
is negligible. The ) _ ; Ry rosity which higher than

. ’ \ "u, b . . . .
micropore volufe. 1, fj‘;f'-‘ : ﬂ-\\ acid activation likely

results in generat ' PS (e a0 arboxyllc phenolic, and
lactones). (Gir ! [ he-react et \ bo and phosphoric acid at
high temperature | e‘ Rl S phosphorus gas), which in

condition gas, COy, ) and.o! J.% erialsi Bihe mechanism was suggested

as follows: (Jibril et a : ,
5C ﬁ:;ﬂ_-;;n £5C0,(9)

(2.1)
(2.2)
Activated the adsorption of

hydrocarbons; & “system, and solvent

ﬂﬂﬂ'mm]ﬁﬂﬂ:lﬂ P

agent; but it creates some poros&y and produces K,COs3 as a by- product Lillo

RIRENINATIN Iy

carbon particles break down then the carbon particles disintegrate into powder.
(Marsh and Rodriguez-Reinoso, 2006) Jibril et al. (2008) studied the effects of H3PO4

and KOH in carbonization of lignocellulosic material and revealed that insignificant

recovery.
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porosity was occurred at 400°C. At higher temperature, the KOH impregnation seems
to develop more pores and wider size distributions over the acid impregnation. El-

activated carbon from maize stalks by KOH

1!
ed arbon reached specific surface area

at 1684 m?/g. The diff ! %nly located in the micropore

Hendawy et al. (2009) prepared thg

d Demiral (2009) produced
» H activations. The results
showed that acti ' | K OH "pros igher BET surface area
compared to ' ‘ | ereased from increasing

amount of chemi 7 waiifect to decreasing yield.

(1) Formati
. (2.3)
2) Reactio vith carbon ‘at\s 00%8, gives CO, and intermediate
@) Wooie YA g .
. 'Serves-as-active’ site forgasifigation.
(3) Observatioh : Ty \ ’
: | (2.4)
(2.5)
2.7 Zinc ch 5l
[ t o e decomposition of

Zinc TIHgQ
carbonaceous ﬂﬁ{erial during rocess, restnctsU&e formation of tar, and
increases the carkrn ield. (Gurses et al., 2@ Activation temperature is usually

HH YINGNINTINT:

zinc Iorlde was used such as, 1100 g of zinc chloride/liter (Mozammel et al., 2002),

AR AT NEARY

concentration to zinc chloride activation. The ratio of ZnCl; to raw material of less

than 1.0 and greater than 1.5 resulted in the production of micro- and mesoporous
carbons, respectively. (Ucar et al., 2009) Usually treated by mixing acid solution into
activated carbon after carbonization to eliminate excess ZnCl, such as, 0.5 N HCI
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(Ganan-Gomez et al., 2006; Aravindhan et al., 2009), 1N HCI (Yorgun et al., 2009), 3

M HCI (Qian et al., 2007) or wash with hot distilled water several times. (Bestani et

al., 2008; Ucar et al., 2009) or tr tr mixing acid solution follow wash with
»

- W,

tivation

—— . ;

2.8.1 Impregnation
éterial weight: chemical
agent) isan i fa : area and pore volume
of the final pr on has been generally

s Gratuito et al., 2008;

I'F.' 'l"'l._ ".‘_ “
A Vieldef Cagpon decreases as the

impregnation ratiq i Ccrgeses '\ \". I ote gasification of char
and increases th€ totalfiveid , —t : \ : '\\‘ | D08) Baccar et.al (2009)
used olive waste calke asya raw ial ‘{o': tiv@ed carbon using HsPO, as
chemical agents. Theygfound.th ‘* | £( na 1 ratio occurred at 1:1.75 and

y ok :
this gave the iodiné nu j""-—" D P¥mg/g" and also showed the best

development of micropakQus;; gkannan et.al (2004) performed

n,ofimg atio of La atiofT 2 where the iodine
-— B O}

productio

number inc =L.ff“-m-mnmmi-—uﬁﬁ-ii-mﬁiiu

4] _I,\J

-
—

2.8.2 Attjvation temperature M
The activ%ioa temperature is a vita@ameter that controls the activated

BUH ISR

edse
releﬁi at higher temperature. (Aravindhan et al., 2009; Haimour and Emeish, 2006)

increase in activation_tempera reaIQ evelops i -pore hi:h han e
s{r‘}iaﬁt (a% 4. J2000 ] ﬁ}e, gh t\Ejoﬁ tle |

can cause a large number ot small pore volume, however, the surface area decreases.
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2.8.3 Activation time
Activation time is an effective parameter for the development of porous

network. Low activation time, alth sults in high yield, leads to an incomplete

/

2008) Extended activatiamail h ing H3PO

burn-off. The activation timeds nough to eliminate moisture and

volatile compounds i s to develop. (Gratuito et al.,

| agent has an impact on the

i A — . ~ I
nature of internal poros ads ptlve e ics of the carbon product.
(Girgis et al., ; ever: i N aetivation time does not cause

significant dif
2009) From the g ]
min., activation temyp# . 0°¢ “l;-: g ), 0T s experiment was surface area
is 1580 m/g. . 7 D

arbon. (Chandra et al.,
Mifne, was Cabral et al. at 10

2.9 Functional g onthe su

The chem ly Ctl%\f ' I has highest content of

carboxylic groups, irox

f,faf'_’"_f

r e M 2008) and phosphorous-

containing acidic gro ps (B he acid activation is likely to result
in the generation of se f.'.—-';f,:, a: (e.g. carboxylic, phenolic, and

lactones). (GHgis€ BCti nis likely to result

in hydroxy FotGupssmethyl-groups,-aromatie-fingsC=0-(ketonss and carboxylic acid),
benzene der ﬁ : “activation, it is quite
usual to find o‘M;enated group, alkyne group, carbonyl groﬂﬂ‘ phenol group but Zn,

which metal is nowm egnation in actlvated n. (Alhamed et al., 2009)

AU NS wmm::;zz'z:z

03)

---->[C.H
AR RIEHT QU IR
actlva ion process: (Guo and Lua

Cn xOy + KOH ———> [Con_]_Oy‘K] + HZO (27)
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2.10 Structure of activated carbon
Activated carbon is a micro porous inert carbon with a large internal surface.

liquids or gases can adsorb. The basic

On this surface organic molecule fo
ite. ite crystal \ v ﬁﬁ fused hexagons held by weak

on bonds shown in Figure
— = —-———i .

ue to impurities and the

l

bz wi\y
il \

i ated carbon

2.11 Porous st

Gen§

pore and (iii) n”é ro-pore.

eﬁ}%icro-pore (it) meso-

M

2.11.1 The{mcroporosﬂy is mainly g jerated by the acid agent remaining in

ARBINEN NN

2.11.2 The me%)rosny is_ mainly causeAy the vh drol SIS Mhe
methljle eb

adsorption which also serves as a model compound for adsorption of organic

contaminants from aqueous solution (Aygun et al., 2003) such as Pb®* ions etc. There

are two methods to develop mesoporosity:
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(i) The carbonization process itself creates mesoporosity by parent material
associated with shrinkage, etc. referred to “indigenous mesoporosity” and

technology, it is reas

- - - 4 v‘ 2 r ; \ ‘\-
having dry s IOSWY, Wrespe ) bi, tNE%Pares (Okay, 2000) and
application in megp#Far ) ~,

ie.name of crosslinked polymers
-

Porous chargéter #f Activaret“chrfion, shown MiLable 2.3 and structure of

activated carbopghowgt Fif

Table 2.3 Poroyg*Char | " on. (Rakntkao ang Pavasant, 2008)
g il 2S00l Micropores
J O VRS §
Diameter of pores™  * ifore thami200-am een28-200 nm  less than 20 nm
Specific surface area # -.f’.?’fv’fr-rtﬁﬁ; m-78 300-2,500 m*/g
Volumes of pores 2-0:8-6M 79— imis0.1-0.5 cm*/g  0.2-0.6 cm®/g
2 -

£adsorption proceeds
= < ~0sing the mechanism of

Jvolume filling

Transporta@ i

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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Mesopores

Macropores

Micropores

Characterl c of ctlva;ﬂ ' Cé 3 “o Dy many processes such as

adsorption ability usig iog '"-‘I-ﬂfr‘la or ne Blue testing, surface area using
Brunauer, Emmet and TeIIe f:::i:' al_group region surface using Fourier
Transform Infrared .- opy-(FTIR),- fesanalysis performed in CHNS/O

analyzer, surface morphology of activated carbon visualiz _}bscanning electron

2121 content .
Ash conte‘ﬁtlvated carbon is InMIC which inertness and amorphism.

SUBAREN TN -

q RRIAIRUNRAINYAAY

method developed by Brunauer, Emmett & Teller which setting up the adsorption-

isotherms of liquid nitrogen at -196° C. The BET-surface can reach up to 1200 m/g
(average 1000 m?/g for a high quality).
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2.12.3 Density
Density of the activated carbon is the carbon weight (kg) per 1 liter. The value

ranges from 300 to 500 g/l dependi the raw materials. A simple calculation for
1!
determining the volume acti f n is to multiply the bulk density by
the lodine Number. E\\ é
—a
2124 IWE <
lodine number is+* )

relativated ca

. \_:_\ t|0n level of unused or

aqueouUssselution. The amount of

iodine absorbed L@*Mmill) | arbon Osii teSheonditions listed here is

Wilder normal condition. A
high moisture contegl i | "‘ F-gualityanfa nogmalfalue varies between 1-5%.
' Basurelf@llowing ASTM D2867-04.

2.12.6 Ultim n
6 Ultimate a ,?
Ultimate an

‘__a-!

pimed by, CHNS/O analyzer
using Qgasequs = s feed by /SIS—I—mgh—puliy’ oxygen and are
chromatogray

followmg AS‘lM standardsfe

ﬂ%ﬁ@% HNINYNS

qlChemlcaI analysis of wood charcoal can examine according to the standard
method ASTM D 1762-84.

9 adnIniunIANanaY

The activated carbon samples are brought to constant weight in a drying oven

ctor. is developed
ot wood Mrcoal (ASTM D 1762-

at 50°C for 24 h and kept in the desiccators. Then 1 mg of dried granular activated
carbon is mixed with 100 mg of KBr, which is initially dried at 110°C, in the sample
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disk. FTIR spectra in the range of 450-4000 cm™ were obtained on a Perkin-Elmer,
Model 1760X.

/ X-ray Diffraction Spectroscopy
of 0.004° and a step time of

A .
gricultural waste such as

ey
K, hazelnut | bb vood, rice-husk, palm stems,

f"r".

coffee husk, soybean 0|I cake, an #W¥as this is generally low cost, using

renewable source, and |s ﬂ—' "“ 0

generally @Jc - .- is the physical or

gas activatighuts 00 2004 wayam et al., 2007; Ncibi

gaste value. Activated carbons are

et al 2009) ust igj;'r'.mperature in order to
increase adsorﬁe capacity and surface area. This physica,tl_%eans usually involves
two steps: carbor‘faﬂ and activation. Rec t gesearch, Savova et al. (2001) used

AU mm Tﬂﬂ i e

The resulting activated carbon had the surface area of 998 m2/g Recent
on the produ

ARSI RS Tordl

q activate raw material in order to produce actlvated carbon with high surface area a

high adsorptive capacity. Chemical agents most widely used can be categorized into

three types: (i) acid such as phosphoric acid (HsPO,) (Srinivasakannan et al., 2004;
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Daifullah et al.,2004; Temmink and Grolle, 2005; Haimour and Emeish, 2006;
Patnukao and Pavasant, 2008; Demirbas, 2008; Gratuito et al., 2008; Jibril et al.,
2008; Yagmur et al., 2008; Baccar et al.,52009; Rosas et al., 2009), hydrochloric acid
(HCI), and sulfuric acid (HS@ / (ii) base such as sodium hydroxide
(NaOH), potassium hydix ~»j_'}: g) +2008; Wang et al., 2008; El-

ez .*-'"' mova et al., 2008 ; Cabal et
nCl,). (Aygun et al., 2003;
009; Aravindhan et al.,

e of phosphoric acid as

Gurses et al., 2
2009; Olivare

chemical agent, @Sphoric acid activation to

convert rubber wo he best condition at 500°C
and 45 min. Th | by 0961119/¢ “the surface area of 1496
m?/g. Sutcu and Dgffi . g_ J/Bbtassiuf Myliroxide activation to loguat

|
|

stones convert# arbon, thayfoll@wingy conditions: activation

temperature 1000°C#find #2C M. The-ac yart . \- Whkd the surface area of 2915

m?/g. A successful’exa f saltas.chemica agent'can be seen from the work

of Olivares-Marin et#al. Y_u.*;"-? jloride to convert cherry stone to
activated carbon with the 2 a0 550°C at 120 min. The resulting
activated ca nh ‘surface area of 9fdai*/g. Ja.summary, chemical
agents E;,,f can—he o @ according to its

superiority '8s: roxide, whereas the
==t

]

order of chenm | agentS™ ation tj is phosphoric acid,

potassium hydrox e, and zinc chloride. Some recent works on the production of

ﬁﬁﬂﬁ%ﬁﬁﬁwﬁﬁna
a«mmmmummmaﬂ
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Table 2.4 Recent works on the production of activated ¢ __.garﬁs vith chemical aetive
Type of raw Activated carbon
material properties
_ i reference
Type of Ratio lodine  Surface
activation number area
(mg/g)  (m/g)
Hazelnut shell ~ Chemical/zZnCl, 965 793 (Aygun et al., 2003)

Rubber wood  Chemical/HsPO,  1:1.5 1,096 1,496  (Srinivasakannan et

sawdust al., 2004)

Rice-husk Chemical/HsPO,  1:0.7 376 (Daifullah et al.,
2004)

Wastewater Chemical/H3PO,4 1,400 (Temmink and

(papper) Grolle, 2005)

Rosa canina Chemical/zZnCl, 1:5 L o 105 800 (Gurses et al., 2006)

fruits Il |l

Date stone Chemical/HzPO, 1440

(Haimour and

. AugangnIngny
QRIAINTUNRINEIaY

6T
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Type of raw . --..-% Activated carbon
material ‘ properties
Type of Ratio lodine Surface reference
activation number area
(mglg)  (m*g)
Eucalyptus Chemical/H3PO,4 1:1 1,043 1,239  (Patnukao and
dehn bark Pavasant, 2008)
Antibiotic Chemical/K,CO3 1:1 1,170 1,260 (Budinova et al.,
production 2008)
Hazelnut shell  Chemical/H,SO, 204 441 (Demirbas, 2008)
Coconut shell ~ Chemical/H;PO,  1:1.725 1,151 (Gratuito et al.,
2008)
Palm stems H3PO, 85180500120 . 1,100 (Jibril et al., 2008)
KOH - 0.2 947
Sugarcane Chemical/znCl,  1:0.75 m. 150 30 :Lﬂ' 674 (Kalderis et al.,
bagasse 2008)
Rice husk Chemical/zZnCl, 750 (Kalderis et al.,
Aut MENENENG " =

a»mmmmummmaﬂ

0¢



Type of raw
material

Type of

activation

reference

Jackfruit peel
waste
Activated
sludge
Waste tea

Dates stones

S.longifolium

H. valentiae

Olive-waste

cakes,

Chemical/HzPO,

Chemical/KOH

Chemical/HzPO,

Chemical/ZnCl,

Chemical/ZnCl,

Chemical/ZnCl,

Chemical/HzPO,

--..—% Activated carbon
properties

Ratio lodine Surface
number area

(mglg)  (m*g)

1,260

1:25 563 382
1:3 1,157
1:05 1,270
1:0.3%) : %,041 802

= '..1~ :

1:0.3 l|| 120@' 962 783

ﬁﬁﬁﬁwmw%WBWﬁf”

(Prahas et al., 2008)

(Wang et al., 2008)

(Yagmur et al.,
2008)

(Alhamed et al.,
2009)

(Aravindhan et al.,
2009)

(Aravindhan et al.,
2009)

(Baccar et al., 2009)

a»mmmmummmaﬂ
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reference

Type of raw --.-% Activated carbon
material properties
Type of Ratio lodine Surface
activation number area
(mglg)  (m’/g)
Maize stalks Chemical/KOH 1:1 1,684
Bean pods Chemical/K,CO3 6:4 1,580
Cherry stones  Chemical/ZnCl, 1:4 1,971
Hemp fibers Chemical/H3PO4 31 1,350
Loquat stones ~ Chemical/KOH 1:2 (t) - 4‘9 2,915
= |..1~ :
Coffee husk Chemical/znCl,  1:1 l|| 180 Jﬂ' 900
Soybean oil Chemical/K,CO3 1 w 1,352

(El-Hendawy, 2009)

(Cabal et al., 2009)

(Olivares-Marin et
al., 2006)
(Rosas et al., 2009)

(Sutcu and Demiral,
2009)

(Oliveira et al.,
2009)

(Tay et al., 2009)

44

a»mmmmummmaﬂ



Table 2.5 Recent works on the production of activated ¢ __5_:@.[55 Vit phyacal aet - 1

\\W////

' _|t|0

Activated carbon properties

Type of raw CarbOMizatig ‘ CUVALIOD, . lodine Surface area

material Type of activation Temperaig® Fimg / peratike umber (m?/g) reference
() find [ SCOMN N Ry, (mo/o)

Jatropha Physical/Steam \ N N 1 (Namasivayam et al.,

curcus 2007)

P.oceanica Physical 111 (Ncibi et al., 2009)

leaf sheaths

Almond Physical/Steam 998 (Savova et al., 2001)

Shells

Grape seeds  Physical/Steem 800 60~ 800 497 (Savova et al., 2001)

Nut Shells Physical/Steam 743 (Savova et al., 2001)

Pistachio-nut  Physical/CO, 778 (Luaetal., 2004)

shell

a»mmmmummmaﬂ
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CHAPTER Il
RESEARCH METHODOLOGY

R2140), Ohaus, USA

Pipéttes i —-“'fn. _

Cyllndgr .

3.1.3 Cﬁgnical reagen : I'

?elonlzed water (DI water)

f U MENTNYNT

- lodine (1), Flsher scientific

R4 AAsAATT I ey

Sodium thiosulfate (Na,SO3.5H,0), CARLO ERBA
Zinc chloride (ZnCly) , Ajax Finechem

Potassium hydroxide (KOH), Ajax Finechem
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3.2 Methods

3.2.1 Preparation of raw material

1. Wash the Jatro a e, and shell with tap water
2. Dry the ﬁ shell in oven at 105°C for 240

minutes

3. Cr pasgjmrou r 10 (2 mm)

dessicator
3.2.2 Prepaga ger Act .‘; d.car | temperature
| " shell (from above) and
impregnate i tio of raw material and
phosphoric acid.i
_ etrlntil the final pH reaches 6-8

5. Pryidfoven a ,5"?"."' .

6. Crus }.{"j;;j" *'_ jed Bghween mesh number 100 (0.150
mm) and 325 (0.045 mm) =

7. Store nf’:f— ctivate \the dessicator

~ Jﬁ erature to 600 and
— =

\J

3.2.3 Pﬁjaratlo optinﬂ.activation time
; Welgh 100 g of Jatropha seed cake, shell a&nhd impregnate into a 50

ml of hosphorlc cjﬁ W%) ﬁl ht ratid®@raw material and hosphorlc acid is
thlrt ro el rrz mﬂmpe atlre

3. Carbonize the Jgfropha seed cake, eII in a muffle fur

q W‘Tﬂ‘ﬂﬁ‘im NN

the pH value equals to 6
5. Dry at 105°C for 240 minutes
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6. Sieve in the size ranged between mesh number 100 (0.150 mm) and
325 (0.045 mm) and store in closed bottle

7. Repeat Steps 1-6 b Nging activation time as 120 minutes and 180

minutes

pha -seedagakey shell  (from above) and

emperature
ekl in a muffle furnace at

suitable activagin qine | S ockion's. 2 nd activation time (as

di§;ill88 water until the final pH

reaches 6-8
oA AL
050 -.-illli.. ]
N .
6. Sieve in de=st .-..cn-& mesh number 100 (0.150 mm) and
inclosed bottle
325 (0.045 mm) and store. ﬁ," :‘ﬂzgé\

7. R

to 1:0.75 and 1:2

1
-

M -well (from above) and
impregnate int I 50 ml of potassium hydrOX|de (55 Wt%) (W

and potassium hy‘o is 1:0.5)

AU HINANINGINT

4. Wash the char w‘th hot distilled water until the final pH reaches 6-8

q W'] AT N8 Y

mm) and 325 (0.045 mm)

ht ratio of raw material

7. Store powdered activated carbon in the dessicator
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8. Repeat Steps 1-6 by changing activation temperature to 600 and
700°C

hydroxide is 1:0.5) e —
e —

suitable activ ' _ inet from's ) Tor 60 minutes

hot distilled water until

ber 100 (0.150 mm) and
Alime as 120 minutes and 180

acti ; garpon at optimal weight ratio of raw

@ (from above) and

rj ratio of raw material

and potassium Mdro et
’ 11
ZStir thoroughly until well mixed at room te'ru&erature

3. ‘@lze the Jatropha seuake shell in a muffle furnace at

BUHINHNINY AT

4. Wash the actlvatﬁ carbon with hot dlstllled water until the flnal pH

q W’T AWMIUUNIINGAY

6. Sieve in the size ranged between mesh number 100 (0.150 mm) and
325 (0.045 mm) and store in closed bottle

7. Repeat Steps 1-6 by changing impregnation ratio to 1:0.75 and 1:2
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3.2.8 Preparation of powder activated carbon at optimal temperature
1. Weigh 100 g of Jatropha seed cake, shell (from above) and
impregnate into a 50 ml of zinc chiprj
zinc chloride is 1:0.5) :

(55 wt%) (weight ratio of raw material and

........
VA

{h, tefelessicator

Mdiemperature to 600 and

3.2.9 Pré ion of powder-activ albe \ imal activation time
| ell and impregnate into a 50
ml of zinc chloride ( al and zinc chloride is 1:0.5)

:"
2. Stir" horo

fit room temperature
3. Carbonizg 1 _J, atrophe ke, shell in a muffle furnace at
suitable acL ion B) fop B0 minutes
A=\Wash-the-activated-carbon-several-times-wittdt distilled water until

the pH value € »l
5.Dry at 105°C for 240 (Ites ﬂ]]
6. ?ev in the size ranged be een mesh number 100 (0.150 mm) and

32?%:3 mmmm 05
%A ARSI TINg Y

1. Weigh 100 g of Jatropha seed cake, shell (from above) and

impregnate into a 50 ml of zinc chloride (55 wt%) (weight ratio of raw material and

zinc chloride is 1:0.5)
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2. Stir thoroughly until well mixed at room temperature
3. Carbonize the Jatropha seed cake, shell in a muffle furnace at

suitable activation temperature (obtaingdgfrom Section 3.2.8) and activation time (as
obtained from Section 3.2.9 yj
J/ istilled water until the final pH
reaches 6-8
—a

number 100 (0.150 mm) and

afigieatio to 1:0.75 and 1:2

a1 method ASTM 4607-

orption isotherms using the

method of Brunauglf E Feller (BET). Th Isurface area is determined

by nitrogen adsorpti '--—1-5" on-'s nIyzer (Thermo Finnigan,
Sorptomatic 1990): s€e deta ".'ﬂ__.. .l_u pendix

3. The ash, -:‘ ,; 'jz;b‘ he ca gtermined using a standard method
ASTM D@Q na 3 ' L\
L-Appareni-(bulk)-density-of-all-samples-is-Cattulated as the ratio
between welg ‘f—l na aj%’ ppendix D
ﬂMoiSture content of activated carbon is detdﬂpined according to the
standard method ,%S'IKD 2867-95: see detmlﬁ«ppendlx E

AUBTAINTH Eﬂ“fﬁ"g -

7. The surface mor hology of actlvated carbon is visualized via

q Ei ﬂ*g Electrsn icroscopy (S and co e ﬂl ogﬁy
‘ e yield of activate carbon Is defined as

e ratio of the weight 0

the final activated carbon to that of the initial weight Jatropha seed cake, stem, and

shell with both weights on a dry basis, i.e.
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Yield = ﬂx 100 (3-2)
W

0

where W is the original mass of theya

aterial on a dry basis and W is the mass of

nate. an ity } cake, stem, shell is performed
in CHNS/O analyzer=(Rexkil -' ‘ sing gaseous products freed
by pyrolysis in h‘r——‘ . raphically detected with a
thermal conductivity de ‘ ; JOXI| &is.is developed following ASTM
fysfS | DnG2-54)

3 Obtained in a X-ray

Diffraction Spectro if Cu Ke: rédiation'():=0. 154 Q56 nm), with a step size of

Oscopy, (FTIR) analysis. For this,

the activated cau#on sghpls are & srougF V8ig

a drying oven at 50°C

for 24 hours and kegf'in ife ?Eﬂ e ; ot .'l‘\\ . l granular activated carbon
is mixed with 10m KB, '% dri h‘u,“ at 110 °C, in the sample disk.
FTIR spectra in the rahge 0f 4604000 cn bbbtafed on a Perkin-Elmer, Model
1760X. = |

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Properties of jatr - vseed [
The properties=al 7 el were analyzed by several

methods such as proximatg.ana i }_ ulk density and SEM etc. in

order to compare the differen € 6f 12 _~ als<kable 4.1 displays results from the
proximate ana ¥&0f iz a geed ca \ “Lhe raWsmaterial suitable for the
production of actjuélfed gatbgh £hbuld-hbve s Hixe Mgontent of more than 30%.

The carbon contenigéBF jafrof =- cake and shell fal) in this range and therefore
they were consj red Suitable for * ) At8g carbon. The ultimate
analysis of jtroph eed’ Ca e'»'énd no! "‘m‘.\"*.\} indicates that jatropha
shell had highg#® cargn ontent ‘%‘:_ opha'iSe d ’Fll on the other hand, it
contained less hydrogfen d" C ' s'than \ Se€g cake. Table 4.3 illustrates

that jatropha seed Cake lifd hig b ' than jatiopha shell.
r‘?' - )

4.2 Characteristics of actl ed carbon 1 ié opha seed cake and shell

w
100 of ams "

3 tropmere washed with
distilled wa "' """ aried at 100+10°C. 1 he dried material Was d, sieved and then

mixed WltIL

chloride) at |mm gnation

droxide, and zinc
|

vated p on was produced from

those materials after pyrolyzed in furnace at activation temperature in range of 400-

t afjo ficigpey Qf, activated

i€atdd their relative
actnqi,on Ievel and the surface area avallable or micropores. Usually adsorbents with
high iodine number have a hlgi‘surface area andggmitable for adsorbing@ggall

qRIRINTU IINHIRY

4.2.1 Activation with phosphoric acid
Table 4.4 displays the properties of the activation carbon from the seed cake.
It illustrates that, at the impregnation ratio of 1:0.5 and preparation period of 60
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minutes, iodine number increased with increasing temperature from 500-700°C.
Higher activation temperature reduced the volatile matter, which raised the fixed

carbon content. However, too hi rature could impose adverse effect on the

network at extremely high
“120 minutes and 700°C. A

32 to 19 when the
'\“.

< 3 Degause an excess amount of

h tal weight loss of carbon.

e ca eland shell varied in the

range of 0.48 — dnd ‘; 3 \\ rctively (see Table 4.5).
Increasing pho iC#eci content re ’j, i ¥: o ehintanse decomposition of the
carbon surface, cre “pore,-al s resulted 3 ctivated carbon with lower
bulk density. \

For the acti\) »
number increased when temperature -increaseds from 500-600°C. lodine number

Table 4.5 illustrates that iodine

remained co s tan

pore struc :-r nd then enlarging pore size. At lower temperaturc.and short activation
time, the astivatia h'k-l/hich led to a high

-—i

%yield. An mﬁr ase in a

e leg-to a collapse of the

ad to a de tion of surface, and a
better removal of the volatile matter. This resulted in a re ctlon of %yield and a

IV NS

4 2.2 Activation with potas‘lm hydroxide

qWIRING R nRY

increased from 354-609 mg/g. This was due to a better disengagement of chemical
agent from the pore of the activated carbon at high temperature. In addition,
increasing activation time extended the contact time between chemical agent and raw
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material resulted in development of pore structure and porous network, however, a
longer activation time played an important role in lowering the yield as it caused more

burn-off of the carbon creatlng a combi
of meso-pore or macro- por herefo f va
the potassium hydroxigde, IO ;

Increasing the imp‘r_eg_r]alld (ati ' 10.546k; Ted to an increase in the iodine

ion of micro-pores which led to a formation

ion time should be long enough for

order to create sophisticating
prevent the pore collapse.

number from 636- - ‘ Sity0f a6t/ -| for this case was around
0.3-0.4 g/cm® ' nthe,
hydroxide can b

e f\ Biguie 4.4 that potassium
or g,acid and zinc chloride,

The acti erat e hoxitglat 500 and 600°C could
not produce the actiffategf cabafr ‘k : ; ’,\ '\"-.\.r‘ ight be possible as these
gaction between the raw
material and the c i 75 tion 2.6 indicated that the
reaction between“pota; droxide: ¢ : A Wyas ‘only complete at around
650°C. At 700°C, exténdi )i he-C il 60-¥20 minutes could enhance the
iodine number to around 631-634-mg/o almibe same time causing an excessive

release of va tlle matter which ‘sacrificec am 21.t0 12. This indicated

that a too leg f ”!'"‘:':'-""':""“.':'":'-":':’:'-":‘:'"-:::f’-i*i::i'z::::‘,l‘”ﬁ ® the iodine number

and further! _Mo from 1:0.5-1:0.75
o |

decreased the ll'\ ine nump ’ IWS¥67TNg/g because an increase in the

chemical agent caysed the promotion of the gasification of char, collapse of porous

AHEANEY AW

hydmlde in activated carbon.

LU i QAN

number because high activation temperature supported the development of pore

structure but decreased %oyield. An increase in activation time decreased %yield of
the activated carbon due to a greater release of volatile matter and moisture. A shorter
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activation time might not be enough for the release of volatile matter, and therefore it
remained in the activated carbon leading to a higher %yield than that at a longer

activation time. %yield of zinc chlo d tlvatlon was the highest compared with the

other chemical agents. Thi carbon from zinc chloride did not

require intensive washin ~ trvated carbon. An increase in
impregnation ratio umber from 446-525 mg/g
because at high ir‘r’lpr_egnai J agent could penetrate deep

into the structure reduced %yield from 64 — 51

due to a moredd Caibo tent and created high
\_

porosity structur Nith*zifie,chloride activation was

the highest in the rgj .g/cm® (Jatre 5 \ cake and 0.67-0.78 g/cm®

(jatropha shell i v  Zi 'v i a \ d Wen mixed with jatropha

seed cake could in wai it of the,fi Yal aci \\-o\ bon product.

\‘. atiof teMBerature from 600-700°C

enhanced the iodiF ot 5=84'3" Mg/ \t is possible as increasing
0 b eledsed than low activation

fron

temperature allowed

temperature, and thi 40 to 38. An increase in

activation time from 60 10_120-minttes iF Beehthe iodine number from 343 to 467
mg/g. This means thatiexter Zinc chic e could intensify the attack
of the zing .:- ' @lmpregnatlon ratio
increased i 4& 18 mg/g. This was

sjhemica ag AW mate | | more rigorously and

?

therefore destroyed the porous network structure

AUHINNINEINT -

coulq,)rowde iodine number up to 1,096 mg/g. (Srrnrvasakannan et al., 2004)

because exce

However, the result in this work st‘wed maximum io number from the act

ARIRSMIY AR

mg/g, the activated carbon from jatropha seed cake and shell can only be classified in
a moderate iodine number range. However, the application of activated carbon should
be considered from other properties also as shown in the next sections.
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4.3 Other properties of activated carbon products

4.3.1 Proximate properties

Tables 4.11 and 4.12 show thg o tile matter, ash, and fixed carbon content of
activated carbon from jatrQpiig shell, respectively, with various
chemical agents, activationsgem ﬂ es, and impregnation ratios.
The ash content ofesg N seed cake and shell with

v ——
phosphoric acid -aac/ruuae‘ fiva fLo an activated carbon product

with higher fixed Carb

=activation temperature reduces

volatile matte served in Section 4.2.

Table 4,28 i _ h.activated, ¢ f‘-.\ o" seed cake and
shell with phosphogi€ acil agfiviétio e - ‘ & content because this
activation methy ‘ 18i\ F shing \ glifralide the pH which resulted

O

S he product obtained from this

purities. - d, the carbon content of
activated carbon Wi w »3" vest,
technique was with PH ar ext f ashMg was required, and therefore
there could be other non COMmpce smicmained on surface. This issue is

further dlsq_ligd in

4.3.3BE]

—
Table 4{”1 shows
activated carbon. The highest surface area of 699 m?/g was obtained from the

|
ore size, P d total pore volume of

acti carb q t a | droxide ivation with an

i nafi 'o 13 | cal* dgen) [t fthe Jactivation
tem;‘flture of 700°C for 120 minutes which corresponded to the highest of iodine

number reported in Section 4.2. The total pore volumesyas also the highest g4t

RIS AN MRS

conditions applied in this work at 9.86 nm. Pore structure is depicted by a SEM image
which will be discussed in Section 4.4.
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Table 4.10 illustrates that the maximum surface area in terms of BET number
in this work was 699 mg g™*. This was a relative moderate value compared to the other

e can occurred from several reasons such as

works. The different value of surfa

raw material, activation age\ /w/tlons

4.4 SEM S\ ____/.;_J
e ——

4.4.1 SEM Images |vaté carb@seed cake and jatropha

shell

The St : with no micropores
(Figure 4.1). Fi - SEM\itndge “oi opha shell where the
micrographs show | Al Su than Jatropha seed cake and

Nl . o
hat, it 1 an gase iNlle aCtivation temperature from
600-700°C, phospho idi cout d-erode F brial ™ order to create pore on the

surface. This resulted in a I3 arg f,:;--"-"" phsanswered why the iodine number for
o -"‘i*".d‘ i, : .

the activated,carbon i Vas E Figure 4.3(b), (c)

indicates thd 3 longer activation tim e, e.g. 120 min, created a regular pore when

compared i AL vat period. At higher
==t fper
impregnation rmt o0, the phosphe ation seems/to develop larger sized

pores than low 1imp ‘;egnatlon ratio (Figure 4. 3(c) (d)).

AUBINERTHEINT

ydlude activation
Figure 4.4 is the surface‘morphology of themactivated carbon aftfpjt

RIRINTUANTING] Nl

(Fig 4.4(a), (b)). The effect of activation time at constant activation temperature and
impregnation ratio is shown in Figure4.4(c), (d). The longer activation time developed
more micropore and highly porous surface indicating relatively high surface area. A



37

higher impregnation ratio resulted in the external surface of activated carbon being
occupied with cavities, void and many small pores (Figure 4.4(c), (d)).

: / from jatropha seed cake with zinc
chloride activation \ /
Figure 4.5(a)y the diff g&re external surfaces of the

activated carbons prepate inc G '@OC, respectively. At the

4.4.4 SEM images

activation tempe microporous structure was

generated at t e.longer activation time
could lead to a f _ 5(b Jw(d)). Comparison of the
activated carbon mq ‘ Y increasing i .“"-,\; ‘: ratio from 1:0.5 to 1:0.75
as demonstrate ighra. ( Istrates thi - gher Tl fegnation ratio led to a
more development ith. u bon surface (Fig 4.5(c)).
. 8 'on itio also exhibited high

¢
iodine number W|'.I1' n ?‘_ ,g 0 \\ 8¢ the carbon with a large

445 SEM lmages ctivated fiom jatropha shell with phosphoric

acid activatiqp

‘.,!‘ on-at-600 ‘ DNOSPNOTIC acia resultec @formation of many

small pore of il grfaeedof activated carbon
= i
(Figure 4.6(a))} At 700°

1:0.5, the phosph ic acid seemed to be able to create more regular pore (Figure

AT

446 SEM images of actiflated carbon from 4 datkopha shell with potgggit

ARIRAN AU 12NN

activation times at a constant activation temperature (700°C) and impregnation ratio

e
of active srature and with] impregnation ratio of

(1:0.5). A longer activation time led 10 a more development of porosity. This supports
the notion that extended potassium hydroxide soaking time could intensify the attack
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the jatropha shell structure which resulted in a higher iodine number property (see
Table 4.7). The impregnation ratio at 1:0.75 led to a formation of larger size pore,

which corresponded to a smaller surfacg area. In addition, the washing and rinsing

|
step might remove residualyin -fe ‘which could possibly block the pore
entrance (Figure 4.7(b oA\ /

4.4.7 SEW@( vated=carb

O@Shell with zinc chloride

activation s

Figure4#8(a), . \ ) different activation
temperature. An j ivation temperal e TRffnG00 to 700°C generated
more pore on surf ‘ ‘ 18, (1 minutes) developed more

LRI

ar *JJ

4.5 X-ray Diffractometo

a

The gfructuse gonal graphite structure as

indicated by XRD pattern at two broad- of about 2 d 43° respectively

(Figure 4.9 vatea carbon shown in
ot §

Figure4.9(b), (€) and (d) exhibTted therbroae pear at 20 aboqﬂafl(’ which indicated that

the activated carb? structure was amorphous. Figure 4.9(e) illustrates that activated

carbem fr@myj 1lavidh zdp GyChlQgi Ivati d P ture with
Z iu n sulifa hglp ed w ;ﬁs t eﬁabout 32°

34° m 36°, respectively. Zns(OH)gClyH,0 was not found here which could be due to

the fact that jatropha seed cake c&tained lesser quadfily of water (moisture)dahen
IR
q jdtropha Shéll zifhc chlo ctiVatfon"ndt on h‘aop strdctlre*w
ZnO being found on the surface, but also contained the crystal of Zns(OH)sCl,'H,0

(at 20 of 11.2° , 28.1° ,33.5° and 37.9°). This could be due to the reaction of zinc
chloride and H,O (moisture) in the raw material which formed Zns(OH)sCl,H,0. The
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Zn0 and Zns(OH)sCl>'H,0 can be classified as impurities for this study because these
crystals could possibly block the pore entrance. These two impurities could be

eliminated by increase time in dehy a 0 process

46 FTIR ﬁ\
The existen al 3oup

activated carbons

the acid-base character of

Ce groups may increase or
decrease to adsor _tar ma ' es. Genel erbate has opposite electrostatic

charge as the earbon surface resulting

in increasing ads@fPtiop/Capholty. Tak \ 5, su | ’eshthe functional groups in
seed cakes and acti ed arpo frc -  secd cake ] able 4.16 illustrates those
in jatropha shellgnd itg’deghed acti _ % 1 ~ cribed in detail below.

4.6.1 FTj v of |

Fig 4.10 shos thie ‘ , jatfophe 4€d ‘cake Bhe broad band at 600 cm™
was ascribed to tHe O- banc C-H f plal efbending in benzene derivative
B)2nd%75 cm?. The band located at
1100 cm’ corresponded to ibration 8ol The band located at 1320, 1540,

vibrations existed as @ ‘-'-"ff"*"’{: D
1650 cm™ were ashi -0 vibrati kylaie groyp, C=C vibrations of

aromatic, adG=C of the olifini ely.—Fhe-sharp-band Jocated at 2850 and
2910 cm™ cewbsp

.
broad band at ‘gﬂj
involved in hy o

H

gde group. The strong

|
0 cm™ Was*ase gtching vi‘1 ion in hydroxyl group

n bonds. The FTIR of jatropha shell is shown in Figure4.11. The
lQwer intensity than that
of

C- qut of plane bending in benzene derivative vibrations. The intensity of the broad

cm§ dbrrgspafided to the

band of hydroxyl groups located aﬁ400 cm™ of jatropiishell was less than jagigP

QrWﬂ“ﬂﬂﬂ’ifUﬁJW]’m&ﬂﬂﬂ

4.6.2 FTIR of activated carbon from jatropha seed cake with phosphoric acid

activation
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The absorption at 1190 cm* was tentatively assigned to the following
phosphorous species: P-O, O-C stretching vibrations in P-O-C of aromatics and P-
OOH. (Budinova et al., 2006) The p

phosphoric acid. This indicateghthat tre f h@sphatic species remained in carbon
matrix even after repea =_i washing, / 750-890 cm™ was ascribed to

d located at 1700 cm™ was ascribed to

out-of-plane bendingsiashen; «-rf ch remained on surface after
increasing actlvatlm‘. | Irgis et al., 2009) The broad
band located bet ! vibration. The band located
at500 cm™ m A band appear in the
spectra at 1590 3ein aromatic rings after
carbonization/activ was ascribed to —OH
streaching vibr. 0@M(see Figured.12, Table
4.15).

4.6.3 FTIR eed cake with potassium

-1

In Figure 4.1 tro 7 as ascribed to —OH stretching
vibration in hydroxyl grou @ yst 8d to hydrogen bond participating in
adsorbing \ p'e . The hydro 9. occupked from reaction of

potassium *\V "”"":':—:"':—‘:""—“‘:":"‘:::::!:::'fi::;fi;:;'; 00 cm™ could be

M cm™ and 1050 cm’

n alcohgj‘ The small band at 895
cm™ was ascribed fo C-H out of plane bending in benzene

AN TN

4 6.4 FTIR of activated cdbon from jatrophagseed cake with zinc cifig#i

qRIRNILAU. UAIANEAY

out of plane bending in benzene derivative vibration but this band disappeared after

ascribed to ‘elifin
.

L \were ascrlbeq” C-Ovi

rivative vibration. The

120 minutes of activation at 700°C. The intense band at 1050 cm™ could be assigned
to alcohol R-OH group. The band located at 1600 cm™ was ascribed to the presence of
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olefin C=C vibration. (Alhamed et al., 2009; El-Hendawy. 2009) The strong broad
band located at 3420 cm™ was ascribed to —OH stretching vibration in hydroxyl

groups but this band disappeared ngincreasing activation time from 60 to 120
minutes (See Table 4. 15) ’ /

4.6.5 FTIR car%n f sheII with phosphoric acid

activation = -
Fig 4.15 1llustr the band.lc atg950 cm - and 750 cm™ may be
attributed to aram b tenTPeratUrSRite. 500-600°C, the band
3tilsy.and P-OOH. The band
indicated the remnants of
- MafkiXet W g, however, this band
disappeared when § Afio ‘ G irevas, rais '\ﬁ"{' to 700°C. This might be
‘ ) ‘ \ \hecohich can be released at

extreme temperatl#r T t?é‘a‘ ol at'3400%m™ was ascribed to —OH
stretching vibration in ydro&i

temperature of 700°GFA bamg ’:f ear int a at'1580 cm™ most likely was the

also’ Iiappeared with the activation

C=C vibrations in aromatlc ;:-;;,----:- als appeared after carbonization/activation
with activatign tem f 700°G’ Notg-that at temperature
higher the -“l"', “C, phosphorus species left the carboneous surface completely and its

FTIR peak vead.no h

— |

I {l

4.6.6 FTIR of activated carbon from Jatropha shell with potassium hydroxide

U RN WEINT

C- Ombratlon and R-OH groups in alcohol. The band located at 1510 — 1591 cm

corresponded to aromatic C=C gl‘up Increasing imggggnation ratio from 1@

ARIRIDTWUINTIN HI]Y

due to a requirement of repeated washing at high impregnation ratio (See Figure 4.16,
Table 4.16).
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4.6.7 FTIR of activated carbon from jatropha shell with zinc chloride
activation

Figure 4.17 illustrates that th iS pearlng bands of C=C benzene ring and C-

H stretching benzene ring lQog da 0 cm™ were due to an increase in

activation time, and thes&da is e egnatlon ratio increased. The
broad band located-gti .,_ 1 was attributable to C-O
vibration and R- BH r'ed with both increases in

activation time to : Ad impregr : i :0.75. The band located at

1600 cm™ wa ate t traces of carboxylate
species remainedg i hbon-déspite | (a8 "aibeth activation time (120
minutes) and Impre i ¢ e\pd ,I e, 3400 cm™ corresponded to
hydroxyl group gfd thig digepgeare withbincreds time and impregnation
ratio. The functiongl gr : ed the 's C s\ carbon with zinc
chloride activatj v g {: 1e-ring, Lcarboxy \:l es, and hydroxyl group
derivative disappeagtd : ; ' i \ iNCkeased to 120 minutes (See

Table 4.16).

4.7 Ultimate assessment ofth activation techniques

= - _ .
The.¢ alu : ar only 10 perties of the final activated
carbons and.did-not-consider-the-y of theactivated-carbon Which represents the
quantity of pELTE _t-,\. seful product. The
- et - .d.
assessment |n||$ IS sectionwas geeonsider the| eld and compare the

properties of the ac |vated carbon based on the initial weight of the raw material used

ﬁm}oﬂa %weﬁ WHIRT
QRIRENIAUNNIINLINY

(mg iodine of activated carbon ] ( mg iodine of activated carbon} [g of activated carbonj

g of raw material g of activated carbon g of raw material
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Net surface area:
netsurfacearea =  surface area x yield of activated carbon (4-2)

iyated carbon] (g of activated carbonj

yon g of raw material

ations. For the jatropha seed
S

mZ2of activated carbon
g of raw material

Tables 4.4 —$

the reﬁlts 0 ¢
—— : e
cake, the highestﬁet—" i ber pf 28 me dodine/g.of raw material seed cake

was obtained fro'r_nv_t v ith 2 nc Alor --. impregnation ratio of
1:0.5 (raw m wtemperature of 700°C for 120

aMa0ith the highest iodine

number was obtai Acth 7'.,':‘ i toh, POtasSin hydroxide, this method
might not be - f'— ity of "Carbon vagh destroyed during the
conversion processf /th u\, SiuMyhydroxide when compared

i chloride, despite of its

tl [id ‘|\ \"
2 (for iodiney Isorption), was considered

better as the initial car uld'still be ed infthe product and the total iodine
adsorption was great ',”.' stained @her Methods.
For the activated Ca ﬁjl‘:‘.’y § m'n the highest net iodine number of

192 mg ioding/g of rbon) was obtained

from the a v hloride with mpregnation atic .0.75 (raw material:
chemical age 1) 2 minutes. This was,
again, different/from the conaitions thatgave the highest iMne number which was

obtained from theéctivation with potassium hydroxide, where the iodine number was
g

63 iedine/g, of a r i v ekatureof 7003C, 20 minutes,
an pr tiON fratiQudf [ iﬂxn Wﬁwa IVl 124 activated
carbf100 g r " dered the net iodine nur

arb@100 g raw material which rendered the net iodine number of only 76 mg

iodine/g of raw material. ¢

QRINATUNRIININY
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4.8 Economical aspect
The production cost of activated carbon constituted of several components, i.e.
electricity cost, chemical agent cost e u ment cost, and deionize water for washing

process. Table 4.15 shows. necessary for the production of

activated carbon from ja d|t|on presented in this work)
assmm hydroxide and zinc
approx. 123, 593 and 223

em shell, the costs at the best

with various chemical cal-age 1,

chloride for 100 g_of act
bahts, respectlve . Fo )
condition wit i)/,

ORig.aciiatassium hydroxide and
zinc chloride fo 4 Were ‘approxg823, 363 and 226 bahts,

respectively - 25 shg ifl Tabled 216). At éa o fiparized that zinc chloride
introduced the T ‘ il age \ h ” ge others. Furthermore,
zinc chloride exhi ighest Yoyield code & lowest time for washing.
On the other ha cart ons A ith pi i\ ‘Ativation required a large

amount of deion'._i " " vashing” process olsequently, increasing the
production cost. * '

Incidentally, i hef® was determined based on the

g’g?'ﬁ

1—*’/

laboratory scale productlon g -——---""-, ial scale, a large amount of chemical

agent and d'nlz Bl could-have come from the

existing operation-of the-facility-and-this-might provide-a-eheagder cost per unit of

.\,

m il

4.9 Applications

P TE O

for rqloval of cationic dye from aqueous solution. (Malik et al., 2007) The non-polar

production. l

activated carbon can be excellent@or the adsorption gfyorganic substances syiipifa

A RIRATTIAL iR 13 e

Adsorption of metal such as mercury, cadmium, lead requires high concentration of

OXygen-containing functional groups such as carboxylic, phenol, lactone group etc. on
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the surface of activated carbon. A summary of the potential applications for the
activated carbons generated from this work is given in Table 4.19.

ﬂummjmwmm
QW’]MN‘ENNWI’JVIH'\&H
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Table 4.1 Proximate analysis of Jatropha seed cake and shell (dry basis)

Sample Volatile Ash Fixed carbon
(%) |

Seed cake 59.16

Shell 4

Table42UIt|mh. §
Sample _ o) Mﬂ‘

Seed cake

Shell 44 k

Table 4.3 Bulk g siq".

Sample

Seed cake

Shell

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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Table 4.4 Properties of activated carbon from jatropha seed cake with phosphoric
acid activation

Impregnation Condition
Ratio
(Cake:H3POy)

i lodine  Netiodine  Bulk

0 s
: :‘ /// mber  number  density
| o)  (mglg)  (glem’)

105 9 so—pei 100 0.77
1:05 | 130 0.52
1:05 140 0.49

1:0.5 107 0.48

1:.05 140 0.49

1:05 165 0.54

1:0.5 104 0.57

11 78 0.44
Ated-Cartor [11_jatropha shell with phosphoric acid

activation

Impregnatiens—————Condition_——%yield——tfodin e=——Netfodine Bulk

Ratio :: | ..'. gmber density
(Shell:HsPOL)| |} (°C) mg/g) dﬂl(mg/g) (g/cm?)
1:0.5 ‘53 60 28 Qs 337 270 0.45
AUEINENINYINT -
q0.5 ‘600 ) 126 - 38 4201 160 ‘0.53

T
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Table 4.6 Properties of activated carbon from jatropha seed cake with potassium
hydroxide activation

Impregnation
Ratio
(Cake:KOH)

lodine Net iodine Bulk

mber number density

(mg/g)  (glem®)

1:0.5 89 0.36

1:0.5 112 0.43
1:0.5 134 0.44
1:0.5 134 0.42

1:0.75 111 0.32

Table 4.7 Propéfties Activated- .ca tophd, shell with potassium
hydroxide activatio a5

Impregnation c._d......., » »oﬁl‘l e  Netiodine Bulk
Ratio Temp. "'F-:'.-"'f‘ number  number  density
(ShellkKOH)  (°C) /=M ng/g)  (mg/g)  (glem?)
1:0.5 @ | 0.45
1:0.5 ‘ _ 0.37
1:0.75 H[! 700 576 ||| 63 0.29

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Table 4.8 Properties of activated carbon from jatropha seed cake with zinc chloride

activation
Impregnation Condition lodine Net iodine Bulk
Ratio ber number density

(Cake:ZnCl)  (° (mg) (g/em?®)

1:0.5 43 0.84

1:.0.5 0.77
1:0.5 0.83
1:0.5 285 1.23
1:.0.5 158 1.11
1:0.75 268 1.00
1:1 218 0.95
Table 4.9 Propertie fac tivated-—carh 5 jate@bha shell with zinc chloride
activation T ==
B 77 TN
Impregnation oGO AT e Netiodine  Bulk
: ber density
(Shell:ZnGl)/ & Wng)  (glemd)
Ilﬂ 303 Jﬂl 121 0.74

1:0.5

ﬂﬂﬂﬂ WOEWI?WEJ'MT’“

'qmmn‘smnmmmw



Table 4.10 Comparison for the properties of the i lodine n TJI Om thI-S work=w
: Prop |

Type of raw

material

Type of activation

Hazelnut shell

Rubber wood

sawdust

Rosa canina

fruits

Date stone

wastes

Eucalyptus dehn
bark

Activated sludge

Chemical/ZnCl,

Chemical/H;PO,

Chemical/ZnCl,

Chemical/H;PO,

Chemical/H;PO,

Chemical/KOH

\\"/// 50
'ta. e other recent works
. ""u
| — Activated carbon properties
Ratio lodine Surface area
reference
number (m?lg)
(mg/g)
965 793 (Aygun et al., 2003)
1:15 4 1,096 1,496 (Srinivasakannan et
al., 2004)
495 800 (Gurses et al., 2006)
1:04 St LYY 495 (Haimour and
Emeish, 2006)
1,043 1,239 (Patnukao and
Pavasant, 2008)
1:25 1440 563 382 (Wang et al., 2008)

ﬂuﬂqwﬂwﬁwﬂwnﬁ

a»mmmmummmaﬂ

0§
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Type of raw

material

Type of activation

Activated carbon properties

S.longifolium

H. valentiae

Olive-waste

cakes

Jatropha seed

cake

Jatropha shell

Chemical/ZnCl,

Chemical/ZnCl,

Chemical/H;PO,

Chemical/H;PO,
Chemical/KOH
Chemical/ZnCl,
Chemical/H;PO,
Chemical/KOH

Chemical/ZnCl,

1: 085w

1:0
1:0.5

1:05

AU
RN TUUMINYAE

JANYNTNYN

lodine Surface area
reference
number (m?g)
(mg/g)
1,041 802 (Aravindhan et al.,
2009)
962 783 (Aravindhan et al.,
2009)
583 1,020 (Baccar et al., 2009)
516 507 This work
696 666
525 567
461 This work
634 699

467

?

TS
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Table 4.11 Proximate analysis of activated carbon from jatropha seed cake

No. Condition*

Volatile Ash Fixed carbon
| (%) (%)

1 63.40
2 HePO,6 77.50
3 HePOs 7 81.49
4 HgPO; 700G 79.90
5  HPO#T00°Q 77.12
6  KOHgg#°C (g0 | 55.35
7 KOH 7003€ (6 nr,f‘”' 0.8 ; 61.64
s KoH 700°cffig . “ 85.17
9 KOH 700 (f' ‘min 075 s 700 5597
10 ZnCl, 500°C%(60 ] 7 ' 22.50 44.80
11 ZnCl, 600°C (60% .rf'.'::; 5 o i . 49.17
12 | | 60.97
13 /1 59.06
o= P =
14 ZnClA700°C (180 min) T'0: . 1@ 62.23
15 ZnCl, 70"@0 mm) 1:0.75 .87 23.74 64.39

actlvatlon temperature (reactlon tl |mpregnat|on raHetween raw materlal

amaﬁnmwwwmw
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Table 4.12 Proximate analysis of activated carbon from jatropha shell

No. Condition*

Volatile Ash Fixed
) (%) carbon (%)

1 73.83
2 84.25
3 77.19
4 34.35
5 50.57
6 49.13
7 26.98
8 34.21
9 ‘ v 53.87
10 ZnCl, 700°GH50 pi -; y W 3508 51.18

* This column reports the fo 0] exact order: Activating agent,

activation temperat i between raw material:

chemical ag

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Table 4.13 Ultimate analysis of activated carbon

Raw material Condition* C H N Other
(%) (%) (%) (%)

Seed cake 2 2.27 1.78 29.43

Seed cake 80 mi é 187 073 3342

Seed cake 2.23 31.95
Shell 1.53 22.29
Shell 048  37.68
Shell 1.09 55.90
* This colum‘n re'ts"" o ving ‘.7, ¢ i order: activating agent,
activation tempgkaturg ion ki ; tidhbetween raw material:
chemical agentv. ‘.
Table 4.14 BET of adl

Raw Condit ) face Average Net  Total

materiaIL) Tl 4 Bere si7e  surface  pore
L— — (M2lg)—( area  volume
A

=) £ (m?lg)  (cm°lg)
Seed cake I-U’O4 700°C (120 min.) 1:0.5 M? 162 0.63

Seed,cake Koﬁ'ﬂc 180 min.) 1:0.75 Ueee 2.37 107 0.39
KOH 700°C (120 muy 1:05 2.85 4.98
A Qs

q activation temperature (reaction time), impregnation ratio between raw material:

chemical agent.



Table 4.15 FTIR of activated carbon from Jatropfle.ls’_;./ @Eﬁﬁ
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Assignment

Before

/NN
JEIN

K K,Z P K

700°C 700°C 700°C 700°C
(180) (120) (120) (180)
1:0.5 1:0.75 11 1:0.75

Phosphoric species

P-O, P-O-C, P-OOH (out of plane) P

P-O (stretching)

Alcohols

O-H (out of plane) Z

C-O (stretching) p

Olifinic group ‘ﬂ e/

C=C (stretching) ‘ Z PI8.Z P

RN TUUMINYAE

GG



Alphatic derivative

C-H (Stretching)

56

Benzene derivative

C-H (Out of plane)

Aromatic rings

C=C (Stretching)

Carboxylate group

C-O (stretching)

Methyl group

C-H (stretching)

Hydroxy! group

O-H (stretching)

Pi
d S
Remarks: P = phosphoric acid activation, K = pﬁﬂssium hydroxide activation, Z = zinc chlorifle*activation

ﬂumwﬂmwmm
ammnmummmw
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Table 4.16 FTIR of activated carbon from JatropV 'Feﬂ' =

\\\W//

Assignment

57

////‘

Before

Phosphoric species

P-0O, P-O-C, P-OOH (out of plane)

P-O (stretching)

Olifinic group

C=C (stretching)

Benzene derivative
C-H (Out of plane)

C=C (stretching)

K,Z K y4
700°C 700°C 700°C
(120) (120) (60)
1:0.5 1:0.75 1:0.75
z v4
z
v4

Riix]

RN TUUMINYAE

LS



Alcohols
O-H (out of plane)
R-OH (stretching)

C-O (stretching)

58

Aromatic rings

C=C (Stretching)

Carboxylate group

C-O (stretching)

Methyl group

C-H (stretching)

Hydroxyl group

O-H (stretching)

Remarks: P = phosphoric acid activation, K = peﬁ!ssium hydroxide activation, Z = zinc chioritletactivation

ﬂumwﬂmwmm
ammnmummmw
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Table 4.17 Production cost of activated carbon from jatropha seed cake

59

Information Phosphoric Potassium Zinc
yagid hydroxide? chloride®
\ (55% wiw) (55% wiw)
Chemical agent requir: o ‘ s -
- Chemical ag T - THB/Kg 1540
e ———— - a THB/Kg
- Amount W
agent - 0.04 kg
Total chemicalag v 63.6 THB
Electricity require

- Furna 6.2 kWh

- Oven 6.4 kWh
Total electricity re 12.6 kWh
Electricity char 2 THB/kWh
Total electricity cha 25.2 THB
Water requiremen

- DI water M 10L 5L
Water charge 4000 THB/m® 4000

LT ] THB/
Total water charge ot S 2yl 80 40 THB m
) 20 THB
Equipment Tl ke iRt ————

- 5THB
Total equipme, harge Ak 5THB
%yield ‘ 32% 16 % 51%

) &> g i
T 593 B | 3 THB

.-ﬂ- 120 inute
2condition: 700°

; "' 5 (te v.’ I

.u minutes, and 17 (te perature, time, and impregnation

. i{'

ratio)

‘ egn ion ratio)

RN I HRYINE TS

*Basis: 100 grams of activated carbon



Table 4.18 Production cost of activated carbon from jatropha shell

60

Information Phosphoric Potassium Zinc
yagid hydroxide? chloride®
\ (55% wi/w) (55% wiw)
Chemical agent req& / é o z
- Chemical ag : ' =480 THB/Kkg 1540
- Amount of'c.:.-_'-ﬁ——-'I a THB/kg
agent 0.03 kg
Total chemica : 43.4 THB
Electricity requir
- Furna 6.2 kWh
- Oven 6.4 KWh
Total electricity re 12.6 kWh
Electricity char 2 THB/kWh
Total electricity cha 25.2 THB
Water requiremen
- DI water 10L 5L
Water charge 4000 THB/m® 4000
Total water charge 40 THB THB/m’
( 20 THB
Equipment 'E G—
- Eart" o 5 THB
Total equipmel , harge 5 THB
%yield 40 % 21 % 41%

*Condition: 700°C, 120 minutes, ar‘1:0.5 (temperaturﬂne, and impregnatior@o)

ARIRIAIWARTING 1A



Table 4.19 Application of activated carbon from thi ?Wﬂ |'<' E ‘

\\i\‘\’////

- ""I

Raw material Chemical agent

61

feperties

Phosphoric acid

Application

Yedp on surface

Potassium

Jatropha seed cake hydroxide

- Adsorption of water such as
azeotrope system

700°@#F180 oups

rface area

AVrageipore size

Zinc chloride

- Adsorption of small
organic substances

i
al groups

Phosphoric acid

- Adsorption of organic
substances

JJJJJ

LI

Potassium

Jatropha shell hydroxide

- Adsorption of organic
substances

it 5-

@C K ioN2 ‘Eqps-
A

—:—---n--m-u;-ﬁl-;’ :}@ SIZe

sTty~material

Zinc chloride

- Adsorption of small
organic substances

700°E120 minutes, and 1.0.

- Carboxylate%up on surface

- Adsorption of metal ions

*This column reports the following items in thls‘exact order: Activation temperature reaction time, and impregnation ratio between raw

ﬂumwﬂmwmm

material: chemical agent.

ammmmumfmmaﬂ
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Figure 4.3 SEM | ageg¥of acti % pm ja 11 pha'seed cake with phosphoric

acid activation at actiVationifemperature; g tiMe, and impregnation ratio of:

(a) 600°C 60 min, and 1: ﬂh,, ﬂw and 1:0.5; (c) 700°C 120 min, and

1:0.5; (d) 70Q,C 120 =
o A
\

ﬂUEJ’JVIEJVﬁWEﬂIﬂﬁ
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Figure 4.4 SEM images of ,.r-‘.;:' ed carb jar bha seed cake with potassium

hydroxide activation at activatior=er DEra aGii ating time, and impregnation ratio
of: (a) 600°G,60 mimgar ) 700° .0.5(c)-700°C 120 min, and
105 (d) 7 "‘L “ douvu iy, aftd v oo - _)

AUINENINYINS
QRN TUNRINYINY
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ﬁn&. (a) /’

Figure 4.5 SEM iméges ‘., activated ¢ om Yatropha seed cake with zinc
chloride activation at actlv ----- temperati agkivating time, and impregnation ratio
of: (2) 600°C60 mi ! 4:0 5 (zzoo%: 120 min, and

1:0.75 (d) 0 l\F‘ 180 min. and 1:065

ﬂUEJ’JVIEmiWMﬂﬁ
Q»W'mmmummmw
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.ﬁ.

\""\ T T

[

Figure 4.6 SEM imag€s o ‘::"' ed cark jatropha shell with phosphoric acid

activation at activation temjpereteie

600°C 60 ngﬁan

i e, and impregnation ratio of: (a)

0°C 60 min, and1:0.5
\ ﬁj a
.U

ﬂumwﬂmwmm
ammmmumwmaﬂ
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Figure 4.7 SEM imége aied ¢z )m Jatropha shell with potassium

lvating time, and impregnation ratio

C,120 minutes 1:0.5 (c)
vy
-.\J

ﬂumwﬂmwmm
Qmmmmum'mmaﬂ

hydroxide activation at actiy
of: (a) COH{ jon: 760° - . e gl : 00

Condition: '-ll; "C 60 minutes 1:0.75
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.. "&9) ﬂ‘é”" . .. qﬂj{'f A |

Figure 4.8 SEM image of et tec wt-_‘ jatropha shell with zinc chloride
activation at activation '.'i:f.f '_- Btige, and impregnation ratio of: (a)
Condition: -6@0° 5 °C£~ minutes 1:0.5 (c)

Condltlon 700°C-120-minutes—1:0.5(d)-Condition:700°C 60 fites 1:0.75

il
—
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Flgure 4.9 (cont.) XRD of the actlﬁted carbon from: (& material: ActivatingiJ

ARIBINIUHNTIN HAR

(a) Seed cake: H3PO,: 700°C: 120 min: 1:0.5 (b) Shell: HsPO,4: 600°C: 60 min: 1:0.5
(c) Seed cake: KOH: 700°C: 180 min: 1:0.75 (d) Shell: KOH: 700°C: 120 min: 1:0.5
(e) Seed cake: ZnCl,:700°C: 120 min: 1:0.75 (f) Shell: ZnCl,:700°C: 60 min: 1:0.5
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(
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%420
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Transmittance

Figure 4.12 FTIR of g i. ed caron ‘edke with phosphoric acid
activation at: (activgiffon gemn f’" atign time o 1 pregnation ratio)
(2) 600°C 60 mig#and o (b) 700° ‘5 C .08, (c)po°C 120 min, and 1:0.5

(d) 700°C 120 min, gffd 14 "",’, _

Transmittance

AWRIANN TRHRTINIAE

ratio)
(a) 600°C 60 min, and 1:0.5 (b) 700°C 60 min, and 1:0.5 (¢) 700°C 120 min, and 1:0.5
(d) 700°C 180 min, and 1:0.5 (e) 700°C 180 min, and 1:0.75
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Figure 4.14 BFIR Q bo idll Opha8ecd ®ake with zinc chloride
activation at: (actiytiogften iré:aetivation ti wapd'ithpregnation ratio)

(a) 500°C 60 min, a

dL08c) 700°C 60 min, and 1:05
(d) 700°C 120 mirlg '

Transmittance

4000 300(.‘ 2000 1000

Nl ammumm NnEna

activation at: (activation temperature: activation time, and impregnation ratio)
(a) 500°C 60 min, and 1:0.5 (b) 600°C 60 min, and 1:0.5 (c) 700°C 60 min, and 1:0.5
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Transmittance

Figure 4.16 FTI,"f agtivateq _ I fith potassium hydroxide
activation at: ¢Ctivagion tfmperature’ activatign time, anehimpregnation ratio)
(a) 700°C 60 migffandff:0 \Bk(c) 700°C 120 min, and

1:0.75

720

/
2

Transmittance

RIBINIRUHRIANH IR

(a) 600°C 60 min, and 1:0.5 (b) 700°C 60 min, and 1:0.5 (c) 700°C 120 min, and 1:0.5
(d) 700°C 60 min, and 1:0.75



CHAPTER V

CONCLUS|ONSQ$ /fCOMMENDATIONS
5.1 Conclusions § //é

— Pt
The investigati::PMds tOﬁne follgw .
1. Activated cartse? pre m_ bbt 5

KOH as an

and jatropha shell by

Eearea. However, if yield
was to be consi C \ \'; G ':“‘»‘,_‘-'- carbon prepared from
Guehlofite activation exhibited

the greatest ag r'p' h
2. The best Conditighs §or g 0 & ool \',-34-.,.& ea activated carbon from

jatropha seed#fcakg¥ a potassium hydroxide;

activation tempe \  " > (for both cal .\u shell), activation time of 180
(cake) and 60 (gh inutes, - imp na on ratio between raw

material:chemical Jge “;qu:fgﬁﬂ'_;}l'-;__ 8hd WD.5 (shell). At this optimal

condition, the BET surface=g ea ang 699 m?/g, respectively and iodine

3. The best conditions for production of net iodine number: @jatropha seed cake

and shelta h rature 700°C (both

cake and szﬂ) actl e) aﬁﬁio minutes (shell), and
impregnatiofrratio of 0.5 (cake) and 0.75 (shell). At this dptimal condition, the net

iogjne number & 288img/q and 192 mo/g, dkctively.
BTN NS

This work reveals the poﬁibility in the usgl®f jatropha waste (af@oil

RN ARIINEORE

contribution obtained from this work is therefore the conditions at which the activated

carbon could be best produced from jatropha seed cake and sheii. Aithough the
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achievement in this work was still limited to small scale conversion, such information

could be useful for the future scale up of the future well defined technology.

As generally kr emic ){ [
chemicals and alwa _ i S Pro ems that need to be dealt

with. Although this yugike s thef potentidt~imseanyerting jatropha residue into

useful products like aetaset] Car he wOfSigastewater still has not been
addressed. It 16" olofididnded i : e Watk,shotd be directed towards
the developmep , of ec ; w ¢ Version. For instance, the
recovery of chemigélls gf'\ " hould-be ‘cons féd, adleven the use of physical

conversion mei#iod sh@uldgbe £x parisen Wlith thi§chemical technique.

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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APPENDIX A
Determination for lodine Number (ASTM D4607)

Procedure

1. Crush and siev (

325 (0.045 mim)and.1 _g, |
. Pgﬁ— V=
2. Dryinanovenat _'
3. Determine of iogime ey requires-amestimation of three carbon dosages
. - - @ - | l\\ \'\
4. Weigh.1iar€t appseDriate 2
5. Transfer tg#50 gl Egfepfmeyerfleskeguibpeauytv@giound glass stopper
6. Pipet 70.0 mpot il o bydfo || gfiC\acic Sel Ut into each flask containing
carbon. . AR\ D .
7. Stopper eacfflasi anf &mrl g” i the ‘ca bamis completely wetted
8. Loose the®topgk s b vent "" A %

9. Placeon a‘h pla |Pﬁﬂ w (

10. Boil gently for 3 + 2 #:'-' |

11. Remove the fld&ks _."Ef'-w ol tBIroom temperature

12. Pipet 100.0 mL of O ------------ @RS into each flask

13. Stoppgr the

14. Fi ' ch mixture through filter pape atman Na @ntoabeaker

15. Pipe nimeyer flask

16. T|trate h W|th anda odium thioﬂ{ate solutions until the

ﬁ?iﬁfﬁfﬁ UYWL

olorless solution
19 Record the volume of soduﬁ thiosulfate used

Q»W'mmmummmw
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Calculation of iodine number (X/M) (mg/g)
x /M = LA= (DF)(B)(S)] (A1-1)

the weight of carbon (g).
) lowing value:

where S is sodium thiosul

To calculate the value

(A.1-2)

(A.1-3)
where N;

(A.1-4)
where DF iggfilut , | dodinggvolume' Midrochloric acid volume
(mL) and F filtr,

- Calculation of cargén d@sa , T Cé iadige number, Eq. (A.1-1)

(A.1-5)
where C is residual filtra’ yand E e ated iodine number of the carbon.

for approximatiop
Table A.1-LAbpfox
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750 | 1506 | 1.320 | 1.134 | 2000 | 0565 | 0.495 | 0.425
800 | 1.412 | 1.237 | 1.063 | 2050 | 0551 | 0.483 | 0.415
M

E | C=0.01 | C=0 C=0.01 | C=0.02 | C=0.03
850 | 1.329 L 0538 | 0.471 | 00405
900 | 1.255 04 0.948 50 525 | 0.460 | 0.396
950 | 1.189.. 0.8 3 | 0450 | 0.388
1000 | 1.130__ 502 | 0440 | 0.378
1050 | L 81 0.430 | 0.370
1100 | 1.0 0.7 0.421 | 0.362
1150 | 0.982 6 J 1 | 0412 | 0.354
1200 | o |Jf0.762 4 0.404 | 0.347
1250 | 0.904f| 52 | 0.396 | 0.340
1300 | 0.8 0.761 5 5650% V.4 0.388 | 0.333
1350 | 0.837 3 3000 { 2600 34 | 0381 | 0.327
1400 | 0.807 70 0426 | 0374 | 0.321
1450 | 0799 | 0.688=4= 70418 | 0367 | 0315
1500 | 0.753 70,567 0411 | 0.360 | 0.309

regr

Using Iog?ltgc paper, plot X/M r s C for each of the three carbon

A BOANBNSWEITT

jon coefficient for the least s uares fit should be greater than 0.995.

iodine

wwmnsmumfmmaﬂ
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APPENDIX B
Determination for Specific Surface Area (ASTM C 819-77)

Apparatus ’y/
- Micromeritic ‘ //
- Computer andeRrg -g,.,, ' /
- Sampl@ : =
Procedure = 7

P ( X e in, e tubing
5. Wash thegon line activated carbon at 150

°Cun oressu . % \
6. Weigh actifatedfcarbo nple ane ‘-..‘h ubiflg after outgas
Specific surface drea alffalysisilie ayer \
1. Fix 10 pointof re lative p f""ﬂt’- priuM (P/Po)

2. Pass 99.5% Nz (fr S OXygen) un akto the relative pressure at

i W w

cﬁﬂlbn 1 e o
Calculatioh o

- Determin

e B
=

Plot graph m tween r 'qualiti' f f N, that adsorped at

the relative pressu [\N (P/Po)-1]-1, we can calculated the specific surface area by

Hug ¢ m; MmN w
q W’] AN IO UMIANEIAY

= Cross section area of N, molecule

S

MW = Molecular weight of N,
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APPENDIX C
Determination for Ash Content (ASTM D 2866-94)

Apparatus
- Muffle Furna / of temperature regulation of

+25°C at 6

icient dried activated carbon, so that
iato the-ignited crucible and
! fl‘ e-the-crucibie-In-the-furnace-at ot >-C~ASING ill require from 3
bon. Ashing can be
gnt is ach" ed.

4. Place th:; crucible in the desiccator and allow to cool to room temperature

VBRI

- Calculate the ash content ‘ follows:

Q\Wﬂ awmamnwma B

where : B = weight of crucible, g

conm ered con

C = weight of crucible pius originai samplie, ¢

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

Apparatus

\8f theyactivated carbon into the

eShot Plematurely flow into the

funneL'
3. Add the s

v \ ) )
u\w & material to the reservoir

0 v»rator feeder through the feed

O 292N

fu-nnel havmg ﬁ”i".ﬂw '

in inside diameter.
8.0.75 Q
u 0-the-100-mL-mark.—ne-rate-can-be-aajusted-by. vnging the slope of
;&. nnel, or both.

ger1o a balaj@ pan and weigh to the

exceeding 1.0 mL/s,

5. Trams er the cO
nearest} 1g.

ﬁaﬂ HINBNINEANT
Apparent density, gL = weight of agtimated carbon

qR1AND. 2 IRIANENA

basis as follows:

Apparent density, g/mL = 10 (weight of activated carbon,g) x (100 - % moisture)
(A.5-2)
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APPENDIX E
Determination for Moisture Content (ASTM D 2867-95)

- MOIStUI’ com ercic

) -
drylw f tery erat@een 145°C and 155 °C
VAN

1). Oven-Drying Method

Apparatus

tles with ground-glass
e used. They should be

Materials f'"'a,_l
- \ ather Sdlitable desiccant
Procedure for Actipfite on | g ANG. ° ;
1. Dip out ith | or -’r \‘ sample bottle a 1 to 2 ¢

representativeSamp zr* t " nic ed tafed capsule with lid, close and

weigh at once to th nears g depth of the carbon in the capsule

Must-Not exce e
2. .".h"fffi over-and-p he capsule and co é :L preheated forced

circiita 0 bvBa<and dry to constant

welght ma h normally oven and '1) er the capsule quickly.

Cool in a desiccator to ambient temperature and weigh.
e 2 QLS v
ﬁiuﬁm O E{ﬁ})ﬂ r%st 2 mg.
b :

mplete the determlnatlon as descrlbed in above.

Calculatlon

QRaNIBIMAING 4 Y

Moisture, weight% =

where : B = weight of capsule with cover, g

weight of capsule with cover plus original sample, g
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D = weight of capsule with cover plus dried sample, g

Apparatus

Boiling FI eyer flask with ground-glass

er-glass filter

2 ean and Stark receiver

i be clean so that the shape
it the beginning

enclosed elements and

Reagent

Xylene’Reagént gral
Committeg®on A -"'E"’:-'T".:"-r_ e AMerican Chemical Society

Vith the specifications of the

Preparation of Apparatus -
_.,.-;,

- Clean the set, flask, a afully dry to ensure that it is

"W of water. Assembie the conaenser and water trag _)
Procedurel A\ _..\,J

—
1 Wel;y the sample“pote A a spoon 15 the sample bottle 25
to 50 g_of the sample Put this into the boiling flask and reweigh the

: r S O 0t le nnect the
flas to ﬁrﬁ than 0.30

g/lcm®, 200 mL of xylene should be used for a 25 g sample.

cli mﬁm ﬁmﬁw Y

from the tip of the condenser. Continue to reflux until there is no further

increase in the water layer in the trap over a 30 min period (from 2 to 8 h

may be required).



92

Calculation
- Calculate the moisture content as follows:

(A.6-2)

ﬂuﬂqwaﬂﬁwﬂwnﬁ
QRIAN TN INAE
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APPENDIX F
Determination for Chemical Analysis (ASTM D 1762-84)

Apparatus \
- Mill, for gripdif S

- Oven, wi iatic.

. Muffl;_(d_(a.ee m e +5°C and 950+ 5°C
- Analyfical b i apacity-of.atles g and a sensitivity of 0.1

: ibled 7 ith po caldip lids
dhyinglgent
: ‘ , \

Sample ' e . 4

., s
- j-calciur lorideta
"

7 PN LAl .
1. Sample Seléctio ample shal glected Sp as to be representative of all
of the material conta I ‘»AM'ZI - Sample shall be carried out in accordance

with Practices D 346, D 317 -----------

o ?.ﬁ' :
m ir-d

2. Sample Prep air-dry~.charcoal lumps or
briquets. R rf-' ked or wet samples shall be spread out to ¢ Qoefore carrying out

the analysisetfor ) t_;&t f the charcoal, as
=
received, shalw deter oo ground (o pass@o.zo (850- £ m) sieve

,since excessive grinding will result in loss of moisture due to the generation of heat .

AUEI eI We s

2 1 All of the selected sample shall be ground; no part of the sample shall be
rejected The sample shall be puIszed rapidly in a milllong grinding time sfgifbe

RIFIANFURATANUARE

100 (150- «m) sieve. These fine particles contribute to errors of being awept out of
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the crucible during the rapid evolution of gases in the determination of volatile matter.

Particles that will be retained on a No. 20 (850- ¢ m) sieve shall not be used.

The ground sample shall be wel

| f nd stored in an airtight container.
Procedure Y ! :
1. Make duplicate,deler . ////
2. Moisture-Heze=4 ce @d place previously ignited

porcelain crucibles; versin the fure

ace e 0_min. Cool the crucibles in
es-andeadd to each approximately 1 g,
P&amp B Ptace the samples in the

oven at 108%C fgf2 jf | hettiried samplesin a'desiccator for 1 h.

3. q' CyPreheat the crucibles used
for the g ‘ on, witt o taining the sample, as
follows: wi loor Open fe f\.,_; \ the outer ledge of the
furnace 4800 °g then Mikon the ..“*-.,\‘ W8, furnace (500 °C). Then
move the saffip| ‘ " eat-of the’ furhaceffo LB min with the muffle door
closed. Watch 55 through a. nall pe p-hole in the muffle door. If
sparking occu Vi | ol " samples in a desiccator for 1
h and weigh.

4. Ash-Rlace ' ) ed fer the volatile matter

detéfnymation, -and containing-the sample-in-the-muffte-fiinace at 750 °C for 6
h. C8 :' s cat 0 for 1 h and weigh.
Repeatm rning of the samplesd gesticCeeding 1 hj%rlod of heating results
in aloss vof ss than 0.0005 g.

Wﬁwwwmm

Moistureg,% = ><100 ) (A 7-1)

q W’Iﬁﬁ RN ngNa Y

- Calculate the percentage of volatile matter in the sample as follows:

C)

Volatile — matter,% = (B-C) %100 (A.7-2)
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where : C = grams of sample after drying at 950 °C

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

(A7-3)

where :

- Report all resu

should agr@ .

r duplicate determinations

Differences

uplicates,%

......

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y
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APPENDIX G

Paper Publication (Conference Article)

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y



97

BIOGRAPHY

Name
Date of Birth

Place of Birth b : -
Institution Attended... : i i 1 ri, Thailand

ndu ; 'i echnology,

hailand

g B[ing

ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER I INTRODUCTION
	1.1 Motivations
	1.2 Objectives
	1.3 Scopes of the research

	CHAPTER II THEORY AND LITERATURE REVIEWS
	2.1 Jatropha
	2.2 Activated carbon
	2.3 Types of activated carbon
	2.4 Production of activated carbon
	2.5 Phosphoric acid activation
	2.6 Potassium hydroxide activation
	2.7 Zinc chloride activation
	2.8 Important parameter for activation
	2.9 Functional group on the surface
	2.10 Structure of activated carbon
	2.11 Porous structure of activated carbon
	2.12 Activated carbon properties analysis
	2.13 Literature review

	CHAPTER III RESEARCH METHODOLOGY
	3.1 Materials
	3.2 Methods

	CHAPTER IV RESULTS AND DISCUSSION
	4.1 Properties of jatropha seed cake and shell
	4.2 Characteristics of activated carbon from jatropha seed cake and shell
	4.3 Other properties of activated carbon products
	4.4 SEM
	4.5 X-ray Diffractometor
	4.6 FTIR
	4.7 Ultimate assessment of the effectiveness of activation techniques
	4.8 Economic aspect
	4.9 Application

	CHAPTER V CONCLUSIONS AND RECOMMENDATIONS
	5.1 Conclusions
	5.2 Contributions
	5.3 Recommendations / Future works

	References 
	Appendix 
	Vita

	Button1: 
	Button2: 


