CHAPTER 3

CHARACTERIZATION OF COCOA NIBS, PREPARED ACTIVA’ ’EDT

CARBON AND DEASH ACTIVATED CARBON ‘\3

3.1 Introduction V
;'lda'l source of

activated carbons. These materials have less or none econony importa bt e

responsible authorities face the disposal problem. The c@smn of geri Iu{m\/asle

into activated carbons would offer significant econoWlic vaky® the !‘E(Ynmunily.

%V‘n 1NN,
common precursor of commercially availt le aclive

Commercial activated carbons usually p fronq prec

and peat which are non-renewable alw velly
Afterwards, activated cm% aler

Although the carbon conlcn&x'i ‘ul‘

wood and peat, but the OgiRWVOfve 21y

selection. Low carb &th} elgflc @/ated carbon but with its high volatile
matters, agriculgur@f waste are sui(ablg\’w be used as precursor in producing an

S

extremely pon?\‘isorbcnl (Yahyaetal., 2015).

sh¥watent, pyrolysis and activation process are among the critical factors that

Agricultural by-products and its wastes offer cheap ar

overcome the waste disposal 1ssues and above gl ve aldernative to the

Aemirbas, 2009).
& Y,

TROTS @mstance coal, wood

@ahya et al., 2015).

1 CO

1 m;all lignocellulosic material.
i z@:lalwcly low compared to coal,
N

}lcoﬁérfcrably significant influence for its

can affect the quality of the prepared activated carbon. It is a challenge to produce highly

surface area activated carbon when ash content is high (Schroder et al., 2011).
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The preparation of activated carbon involves two basic processes: physical
activation and chemical activation. In the physical activation process, the precursor is
carbonized first into char. Then the char is activated with an oxidizing agent such as
carbon dioxide or steam. In the chemical activation process, the prec \c
impregnated with a chemical activating agent. Then the impregnated @1 1S
carbonized at different temperatures (Okman et al., 2014). The Chcmmlivaﬁon

Nﬂlion can be

process has advantages compared with physical activation, where t

(Sahira et al.. 2013).

Usually, the activating agent used are basic salis

disadvantages other than being c(mv‘ nat
i~

corrosive acid, can form toxic fumegwhen coftdo  yith organic compounds and

usually used in non-food pr&ls il O'Clon ._OISIQQ

\ N
A more nmnhrcm% hefnilaly

'xfc as activating agent in preparing the

it not a hazardo,

(Adinata cl@) Impregnation with KoCOj is a simple process but offers a highly

POroUS structure (Hamza et al., 2016).

Ash in an activated carbon is an impurity or residue in the carbonaceous
material. Ash is consisting of minerals such as silica (Si), aluminum (Al), iron (Fe),
magnesium (Mg) and calcium (Ca). Certain minerals could seep into the liquid matrix
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from the activated carbon during the applications. It will compete for the adsorption
sites with adsorbates during the adsorption process (Ahmad et al., 2013b). The ash fills

and blocks the existing pores that results in a decrease in the surface area (Rafig et al.,

2016). \
vsh can be removed or reduced from inhibiting the pores in u%c carbon

using demineralization process (1.Opez et al., 2013). Demineralization ;Rccss involves

the dissolution of minerals and metals into acid or alkali solution Was hydrochloric

dissolve the minerals.
I'here was a massive amount of charagl

available {rom adsorption experiments. &S

characterize the activated carbon prcmn%lhcsa St gs Ky surface area, total

N
" distribution, surface

n'f'cjzk

¢ ulu’lll I %on (Ahmad et al., 2013b:
S

19)

> (Qnosl important is to extract the

&Lll@ll influence with the adsorbent

performance in xad\mp m 7- |ﬁ‘h ¢ L2011

In order l%kl (h&ﬂ)},md&lu that information, statistical instrument

is usually ap ‘A)“‘ way 1o dppl( ddld reduction and formal interpretation is by

yomponent analysis (PCA). PCA 1s used to reduce the dimensionality

pore volume, micropore and mu
chemistry. surface morphology

Purnomo et al., 2012: Guo ¢t al.

using pri

of adfgta X having a large number of interrelated variables and can be used as a
discriminant technique (Bartel et al., 2013). PCA explores the common variance and

extracts significant factors or components from the data (‘Alvarez-Urarte ¢t al., 2011)
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In this study, PCA was applied to correlate the patterns, groups and trends in the
characterization data. By using PCA. more precise evaluation of the influence of each
property on the characteristics can be established. The studied variables were sv‘ﬁ
area, mesopore volume, pore size and surface functional groups. ()verall,%\een
activated carbon samples were compared.

'hus. the objectives of this chapter were to determine the Chz%{xmion of the

precursor used, to prepare and characterize the prepared aclivtewgm from cocoa

nib pellet, to determine the effect of’ demineralization S Wrcparcd
. L4

3.2 Materials
I'he carbonaceous precursor N')r pre n O@Watcd carbon is cocoa
N
C&oa Innpvati ’Ia@k‘chnology Centre (CITC),
Malaysian Cocoa Board. Niw Feri S n. (‘@]Cmm[ activated carbons were

Sl
procured from Merck, (&n( (L
¢

on !tﬁ\ cinal Charcoal) and Cabot (Norit

Activated Charcoal) thl
w hlol{c

nib pellets were supplied by 1

o,
J

‘l{s (;3 in this work were procured from the
N\

Merck, Malaysic )C

%), Lissex, U&‘o

. (1,‘50‘)/$i51wr Scientific, Malaysia (nitric acid 67
N
um hydroxide 99\)%3 and Systerm (potassium carbonate 99.5 %).
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3.3 Methods
3.3.1 Proximate Analysis of the Precursor

Proximate analysis of the cocoa nibs was carried out by using a muffle (Ym
method (moisture and ash contents) (Ahmad et al., 2011). The moisture and %\ltcm
determination was performed using crucible with cover which was pre-dried¥rior use.

Approximately, 2 ¢ of sample was weighed into the crucible and ggs pheed into the

pre-heated furnace (Nabertherm BI80, Germany) at 104 ia ﬂ)r?w hour (moisture

content) and at 600 °C for 12 hours (ash content) \d
11 i lcul I :
1e equations 1o calculate the moisture and a as i c'ua@g-% |
and 3.2, respectively:
. ' oy W-B o z
3.1 Moisture, M (%) = TR 100 c
™

where W is the weight of sample used () :1!1 . 4 Ll \saipre after drying (g)
- g J o \o
[}

n moisiure test.

(32 Ash A (%)= H)OY\' ’
crucible &\ Q

' ."“3

3.3.2  Ultimate rk pis ofglie Pfec 1r5€~
A X

For eleaacNal analysis, approxgdtely 100 mg of samples was weighed into tin

N

hoats of Cl I?ﬁ\; alyzer (Elementar vario MACRO Cube, Germany). Each sample was

analyged (wee. The carbon (C), hydrogen (H), nitrogen (N) and sulphur (S) content and

the difference in element concentration between the two measurements (repeatability)

are recorded (Elementar, 2017).
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Heavy metal analysis was conducted by an Inductively Coupled Plasma Mass
Spectrometer (Agilent 7500 Series, USA). Prior analysis, solid samples were digested
into liquid using microwave digestion. Approximately, 0.1 mg of sample was wag
and transferred into a digestion vessel. About 1.5 mL HNO3 was added to et sel.

The sample was prepared in triplicate. Three blanks were included in c$alylical

batch \’Y.
\%

3.3.3 Surface Morphology \d
®
t

Scanning electron microscope (SEM - FEI Quant§0, US)pwas S‘id dy
ot rbo@fcpared

1. (7@3; 1s a must

ek é%laylcs (2003),

Qe the image quality.

N

aple chamber with a sample

s : .
S N Jusl{ﬁ& compliment the analysis. The

.dur’&mrc the high voltage was ramped.

)

@ corrected in order to capture the high-

at all direction. The coated sampghe WA mountdd ondo the

holder. The mstrument l‘uncl*sc
image was obtained by & ag

The appeared image s 1gruse

ier transform infrared (Agilent 630 FTIR, US) spectroscopy was conducted
to study the surface chemistry of the precursors, chars and the prepared activated

carbons by identifying the functional groups presented on the samples. Various infrared
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light wavelengths was measured for the sample and recorded using a suitable method
(Higgins & Seelebinder, 2011).

Prior analysis, the background spectrum was collected. Then approxinv
0.05 g of sample was placed onto the crystal plate. The sample was put in c%\with
the attached FTIR device by turn down the knob until a “click” sound \\';&d. I'hen

the sample was analyzed and the created spectrum was saved for dagg hafMling

3.3.5 Principal Component Analysis {d
®

he relationship between variables on characteris@ag of the prep: *c' a@(md

carbons and the commercial activated carbons

component analysis (PCA), a common tool in w
[z

2012). By conducting various porosity ar g

face

similarities between the prepared aclig% ’arg( . e agmmercial activated

carbons were studied. \ ¥
B !zm St 4t

[nitially, the data colle

experiments were sub_icclcdw)

between two groups of aglivided c?

é

mpact of the studied variables
he ared and the commercial activated
carbons). In PCA, t atafmatrlx, M

wn‘iablcs Cid sumgetc area, pore volume, pore diameter and

n peaks of chcm?gﬂ groups) while the objects were the prepared

consSty of variable, k and objects, n (Jolliffe &

Cadima, 2016).

surface cher
activat ons and the commercial activetd carbons. The study was performed by
transla he variables into loadings and the objects into scores vectors (Al-Degs et
al., 2012).

PCA was carried out using Unscrambler software (X10) from Camo, USA. Two

new matrices: principal component scores (P) and principal component loadings (W)
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were developed during the experiment. The matrix P describes the relationship between
the objects and matrix W clarifies the relationship between the variables. The significant

principal component factors were ploited (P1 vs P2) for analysis purposes. The v

composed of a matrix X of dimension 17 x 11. C\
3.3.6  Experimental Setup Vz

The experimental setup for the preparation of the acti 'utwon s how
Figure 3.1. It involved two main parts:

a. (jas metering section to control the gas flow rate as ré

controller (Carbolite VST 12/110/900, l,lnilmw

Nitrogen (N2) gas was supplied to the s;m a

reactor from the lower end of tyg tubqar furngce. Phy @m tubing joined by stainless
steel fittings was assmnhlcd&hc on‘ \Ni‘{ ipe € Mhe system

I'he process ofp_\\lya . caNag
¢

lon z@ﬁclivalion of the precursor and char
were accomplished jpmg s@nlesy st /s:rm\-al

W eleg¥e furnace, a temperature controller (Linn

LY

urnace. The furnace is comprises of a

{ixed bed reactQg vpriical

&
[:lektro l'hcr\m ‘many), flow mews and a ventilation exhaust. The size of the
verticala™ Q1 s 100 em length and 6.9 ¢cm width of 310 grade stainless steel.
reactor was placed at central position in the vertical tubular furnace. The
system was attached with a temperature controller and a Type-K (chromel alumel)
thermocouple to control and monitor the temperature. The furnace can tolerate to a

maximum tolerant temperature of 1200 °C. The smoke emitted from the reactor was
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condensed in water condenser at the bottom of the system through condenser tubing.

The schematic diagrams of the experimental setup used in this study are shown in Figure

(S)

Thermometer
B T T T TS e Sy ey COIIIFO”CI’

2-way Valve Recorder

Vertical
Vurbular
Furnace

> Gas
Tank

Figure 3.1 Schematic di'wln\nl > €) n preparing activated carbon.
337 C dl‘l)()nlldtl ? @

About 6 muu 0 d and transferred into a furnace equipped
with smmlus steervertical tubular lc’g?or Nitrogen gas was used as the purging gas

throug] Irhace, to inhibit oxidization from happen. The flow rate of nitrogen gas

was SC 5 ml/min and the heating rate was held constant at 10 °C/min. The
temperature was ramped from room temperature to 700 °C and held for one hour. After
the one-hour holding time, the temperature was decreased to 30 °C to collect the

produced char. The char was kept in desiccator to cool down to room temperature and

55



maintaining the moisture content. The char was then stored in air-tight container for

further treatment (Ahmad et al., 2011).

Calculation of the char yield is as in equation 3.4: %\

W,

A
(3.4) Yield (%) =-—x 100
Wi T
where w, is the mass of char (g) after carbonization process &deyhc initial mass

of cocoa nib pellet before carbonization.

3.3.8 Potassinm Carbonate lmpregnation
The chars produced were impregnated Wi

various impregnation ratios (IR) as in Table

mixed together with hot deronized water

that the KoCOs pellets were comp

an oven for overnight ;1[\\&&-1.111

where Wy o, s the dry weight (g) of potassium carbonate pellets and W, is the dry

weight (g) of char.
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Table 3.1 The impregnation ratio (IR) on K2COj3 and char

IR K2COj3 (g) Char (g)

0] ‘ 20 20 \z
2:] 40 20 (')
301 60 0 A

3.3.9 Pyrolysis

~
j
7
-
<
a
-
¢}
(@]
Q
=
)
(¢}
o
—
b=
o

reached, the temperature was held for meom. he \h\\?d
room lemperature under nitrogen flc :

\

activation temperature apphed for Vi

9 @i

I'able 3.2 The .mi@cn@ app@or each IR
AN AN
Aclivalion%\ ] q_& A;lt‘;Demperaturc (°O)
] 1 > 500
s b}:l Y{‘ 500
3:1 500
'
: 600

|
2:1 600

G,

600

700
8 2:1 700
9 3:1 700
10 1:1 800
I 2:1 800
12 3:1 800

S



3.3.10 Washing

The activated carbons produced were washed with hot deionized water to
recover the remaining KoCOs. The washing process was continued using hydrov
acid (0.1 M), then washed several times with hot deionized water until thu@’ the
washing solutions reached 6-7. The pH was measured using pH meter. FilterMaper and

filter funnel were used in the washing process. The washed activateggearb®ns were then

mied. The dried
nminc% further
| S

A
PIQEFss
performed to determine its characteristics. The g Pperiz@onsyludy @Y'L;lc surface

area and porosity measurement, SUI‘ﬁ\CCN( oy doglmi @,, and surface

kept in an oven at 105 °C until the activated carbons were

activated carbons prepared were stored in air-tig
characterization and adsorption studies (Ahmad et al., 20

Once the activated carbon was prepare was

Ks.

3.3.11 Surface Area and Porg8i

The surface arca, p distribution of the prepared

activated carbons were CI'l

106.15 °C) onto th@a,s Th

ratcd{) uﬁsuriqg the quantity of gas absorbed onto a solid

&

wu m vapor pressure~by the static volumetric method.

s@on isotherms of nitrogen at 77 K (-

)

cc('\@ejx and porosity analyzer (Micromeritics

A Y

(¢]

surface at e¢
2 sample tube was used to contain the analyzed sample. A cleaned quartz
samplcaisf was weighed together with frit seal on an analytical balance and the weight
was recorded. Approximately 1.0 gram of the sample (in crushed and fine particles) was
added into the tube and weighed together with the frit seal and the weight was also

recorded. The quartz sample tube was connected with degas port with connector nut,
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ferrule and O-ring (frit seal was not removed). Degassing evacuates moisture and
volatiles contained in the tube. A heating mantle was clipped the bulb of the tube with
a mantle clip. Then the samples were degassed from ambient temperature to S
until evacuation was completed at 950 mmHg. After the degas procedure %\ted,
the sample was transferred to the analysis system where it was cooled in liquidWitrogen

A 21-points analysis was carried out at -196.15 °C 1o obtain the ng rogg adsorption-

f IWn in and out of

cs, 20 I%.

desorption isotherm by admuitting successive known volumes

the sample and measuring the equilibrium pressure (Micr

re

Q}Yﬁ'nc and

vcrsgg.élb)( The

surface area and total pore volume of the actiVaRg )a rbons wg .ul@t >d from the N

=

average pore size were performed by the sof e

Wptt-l 1igmuir and Barrett,

“« Q-
mdM&&&tanwhile the micropore
N

volume has been calculated by gpplye Horvlaith—apaay (HK) method (Orkun et al.,

s 4
2012). N Nlle
i =~
&
O
3.3.12 ])L‘l]lill(‘l‘;llilq ion g thad Activatéd €aybon

adsorption isotherms using the Brunauer.

Joyner and Halenda (BJH) cquaﬂon&

N3

In order pve ”"lgi r&idu?.gcid leaching process was performed. This
process Uscd\ :;1 *1!01&0 acid to treaWe prepared activated carbon. The acid treatment
cd carbon was also called demineralization (Manocha et al., 2013).

on the agll

-oximately, 10g of prepared activated carbon was added into 250 mL beaker
which contained IM of HCL. A continuous but controlled heat was supplied to the
mixture using a magnetic stirrer with heating ceramic plate. The temperature controller
was adjusted to maintain a constant temperature (50 °C) for one hour. A thermometer
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was placed in the beaker to monitor the temperature in real-time. After finished, the
washing procedure was applied (Ahmad et al., 2011).

Similarly, the demineralized (or de-ash) activated carbons were characterized
for its physical and chemical characterizations: surface area and poro%‘Zface

morphology and surface functional groups.

(4),

3.4 Results and Discussion

3.4.1 Characterization of the Precursor Y'
AN
Dj |
3.4.1.1 Proximate Analysis é s X
\'

Table 3.3 shows the proximate analysis % 4 QL rsor%gzcoa nibs and

cocoa shells. The comparisons were mad%&l

precursors. The differences were addig?

content and the pH value. \
Percentage of moisturg.comgn
compared with cocoa shell £8.37 46). 1% : llé@n content was considerably lower

i cocoa nibs (6.08 %)@re l

y . . . .
cocon shells (3275 Yy siofificalll ¥

& hF

omparison on p mate analysis of cocoa nibs and cocoa shells

emé‘betwecn the two

/vf;%\_oisture content, fat
N,

8
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o
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~

Tab

Moisture  Ash Yo

(%) (%) Yield Reference

recursor

Cocoa nib 9.62 6.08 28.07 Present work
st 837 863 3075  (Ahmad etal, 2013b)
. shell B
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Both moisture contents were relatively higher (8.37 — 9.62 %) compared with
the acceptable limit (6 — 7 %) for long term storage of cocoa. The moisture content of
the cocoa should be fairly reduced after the cocoa beans undergone the fermegtation
process. However, fermentation itself is believed to introduce the moisture t%N ns

(Afoakwa et al., 2011). A

Aprotosoaie et al. (2016) reported that the ash content In cocoa i!)s was in the

N

range of 2.3 % to 3.5 % for fermented and unfermented cocoa & deyeye (2015)

to our findings (6.08 %).

reported that the ash content in fat-free cocoa nibs was 6.Q %o RvITeTe ’v'dent similar
. :
Minerals such as potassium (K), magnesium (Mg). ph’s 10ls (Pyg=calcium

N
/ pl@&i in cocoa

of@‘ﬂolal amount of

(v

(Ca). copper (Cu), zink (Zn), sodium (Na) and i%(] z) aw‘ I

: @m of mineral matter

& However, the content

Pod storage and l‘cr&nlu n ‘u& z,lrc‘;‘('gahg factors that could affect the
content of minerals in c@bs ATegkyPa CICQJ_;()I 1). The pH of the soil could has

P 1
dfﬂ'@ of nutrients to the cocoa trees. Various

influence the uptake gl migleralgangd &
nutrients and mt %s‘ould‘m afailz@vhcn acidity 1s increase, and some minerals
could prcscr% ¢

sively which can“ﬁ%?td to toxicity (van Vet et al, 2015).

34.1 mate Analysis
Table 3.4 shows the percentage of the major elements in cocoa nibs namely

carbon, hydrogen, nitrogen and sulphur. The cocoa nibs contained high carbon ©)
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content (44.56 %) and relatively low content of sulphur (S) (0.26 %). The percentage
of nitrogen (N) and hydrogen (H) were 4.23 % and 7.20 %, respectively.

The carbon content is expected to increase in weight percentage e
carbonization and impregnation processes. The increasing pattern with @e in
activation temperature from 500 to 800 °C may be due to an increasing of aWmaticity
ol the carbon molecules. Consequently, hydrogen and nitrogen cm% re decreased

(Kumar & Jena. 2016). Y'

However. the result does not relevant to indicate th A bility & theabcoa nibs

L ]
rg‘@ml
by-products, the snitability for the production of h? \ aifll cardon is not

' ype !‘(f«m ; l't‘auét

WONs on gever

as precursor for activated carbons. From various investig

y pe-

2016).

Table 3.5 @u regult g ‘aééﬁclals determination in cocoa nibs using

ICP-MS. The cyte¥W of lead (Pb) \\'zwj;asurcd at fairly high concentration (1.096
e

o arsenic (As) and cadmium (Cd) were relatively low (0.172 and 0.717

ppm). The Mg
ppm, reggvely) while mercury (Hg) was not detected.

in the Fourteenth Schedule of Regulation 38, in the Malaysian Food Regulation
1985 from the Food Act 1983 states that the maximum permitted value of metal

contaminants in cocoa and cocoa product such as As, Pb, Hg and Cd are allow to be

present in less than 1.0, 2.0, 0.05 and 1.0 ppm, respectively (MOH, 2016). In
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accordance, the quality index of activated carbon proposed by United State
Pharmacopoeia (USP) outlines that the standard value for heavy metals must not exceed
0.005 of weight percentage (Wu et al., 2013).

The presence of heavy metals in cocoa nibs would be due to the growthw
where the chain of soil-plant-cocoa fruits took place (Wuana & Okieimen, 3(@111@
[actors that may affect the lead contamination are (1) fermentation %un»drying

process at cocoa farms and (ii) in between the shipping procedure (IW etal., 2005).

"sz'lily'of water used

st dw that the
®
levels of the four heavy metals studied are generally wy Swfe lin

It should be noted, that the study did not take into account the

as a contributor of the metals (Onianwa et al., 1999). Overa

&

Table 3.5 Level of heavy metals in coa

Sample Name Dilution  ghpm)

Activated Carbon 500

3.4.2 Characterization ofaghe |

3.4.2.1 Surface Area angQ’oMsity

¢’ (,)
e ’ . :
l'able 3.0 sh@ surffcegrd and(pymsuy of the prepared activated carbon.

P N
The BET snrfm‘,:% were [0

& begr¥latively high and comparable to the works
\‘alu es (Liu et al., 20T, Njoku & Hameed, 2011, Yakout & El-Deen,

4

reported in |

20106). & ated carbons prepared were found to have BET surface area which was

~

: N - 2 hen activate
as low ™8 0 m*/g when pyrolysis at 500 °C and as high as 1313 m /g when activated
at 800 °C. The total pore volumes measured were higher (1.2-1.9 cm*/g) compared to

commercially available activated carbon C1 (0.9 cm¥/g) and C2 (0.5 cm’/g)
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Cocoa nib’s carbon which was impregnated with K>COj3 in specific activating
agent to char ratio (1:1, 2:1 and 3:1) and was activated at 800 °C (named CNAC-800-
I, CNAC-800-2 and CNAC-800-3, respectively) produced higher BET surface arca
(1,150, 1,244 and 1,313 m?/g. respectively). The surface area of these activated CWS
were significantly equivalent with two commercial activated carbons &%_\,854
m?/e and C2 was 1003 m*/g). T

Table 3.6 Surface arca and pore characteristics of the prepared aclwcarbons

Sample BET Micropore  Total Pore 1 rcor(l Median

(*preparcd AC Surface Surface Volume ofumg Pore

mpreamation fatio”) A Area (em/g (%4 Width

4 (m?/g) (m?*/g) 3.

CNAC-500-1 25396 76225 1 ;o " %.97 o

CNAC-500-2 329.89 120.38 W" N Y“_v 1.99
CNAC-500-3 457.12 A ’ 7.85 é\ 2.01
CNAC-600-1 756.92 75(5_5’3< 1.99
CNAC-600-2 999.13 '8.68 1.99
CNAC-600-3 1.018.2 3.0 201
CNAC-700-1 459.61 11.57 4.75

CNAC-700-2 915.50

, 3 46.29 4.89
CNAC-700-3 1,103.0 % 27.559 r! v$ 65.96 4.90
CNAC-800-1 1_105\ 14\\ {\(.ug'y 49.19 3.89
CNAC-300-2 . & . 1.93 57.63 3.78
1.62 77.58 3.86

| 8. 1.55 86.73 1.83
4 9 3§ 1.14 96.03 1.64

C2 %)()3,5
" 1Comncob A—lznm O 0.90 na 3.03

CNAC-800-3

Cl

“Bamboo 1432.00 n.a 0.70 n.a n.a
Olive st 1218.00 n.a 0.60 n.a na
Cl-comnBmeiaMctivated carbon 1, C2-commercial activated carbon 2
Njo eed, 2011

’Liu et aly
Wakout & El-Deen, 2016



Other BET surface area measured from agricultural waste-based activated
carbons was 1,432 m?/g from bamboo (Liu et al., 2010), 1.273 m?/g from corncob
(Njoku & Hameed, 2011) and 1,218 m?%/g from olive stones (Yakout & El-Deen, 2016).
Liuetal. (2010), Njoku & Hameed, (2011) and Yakout & El-Deen, (2016) pre@%
activated carbon using the chemical activation method. %

Alias et al. (2017) had evaluated the effectiveness of KoCOs inggggglticing the
activated carbon with higher number in surface areas and total pw umes. They

cg‘ar 7')ns by K2CO3

activation is associated with gasification reaction, wher® HC 3Waicd the

| ]
o | ,‘ MY
gasification process. During the heat treatment, the re oot thefpo lflnlyémd the
4
\ Y\:)Y.

pmgz s formed of

suggested that the development of porous structure of the acti

e[l EJ;nization at high

temperatures, the polymeric structures deg st of the non-carbon

clements mostly hydrogen, o‘\ygm‘\!:n‘cn mger he form of liquid (called
as tars) and gasses. The carbo {h arc) ftt l}' Jmed a rigid carbon skeleton
(Prahas et al., 2008). &\ \

[n cellulosic m:%\, thg qarbe 117[11@)(1.&111;)01'aturc was found to be a crucial
factor mn dev clopin‘%ly}) ouglc ‘b$(’d'ucturc. According to Faltynowicz et al.
(2015), thermal (!%posilion began ﬁ)-— 200 °C where it associated with moisture

release. Thd N\'ccn 225 — 375 °C was where the most intensive decomposition of

organi@c occurred. The celluloses and hemicelluloses underwent decomposition

and released the volatile contents. When the temperature increased, the decomposition

/)

rate decreased and minimum weight loss occurred. This was due to formation of char

structural units which was more resistant to thermal decomposition. However,
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decomposition of higher thermal stability compounds took place, such as lignin. A total

weight loss of approximately 74 % was recorded when the temperature reach 900 °C.
By referring to Table 3.11, a relatively similar phenomenon can be observed

during this study. At temperature 500 °C and impregnated with K>COs at ratio o,

S

LIS surrace arca.

the BET surface area was only developed at 253 m*/g indicating the lesser

e e s i .~ ‘ 2 :
pores. From this figure (253 m2/g). 76 m*/g was calculated as micropor

However, when IR was increased (2:1 and 3:1), the surface area waw sed too (329

20 and 457 mi/o T , N . ‘. :
m*/g and 457 m*/g, respectively). 'The microporous surface args WIc also increased to

120 m*/g and 218 m¥/g, respectively \d
®
, . |

Additionally, as the temperature raised from 50

areas were increased gradually. Eventually, the ac
with the 1R of 3:1 was observed 1o have 1,313 Cb <

m2/g of micropore surface area. Micropore yolumps W i

3 ) us«ls":i‘n\ be
l q §
rb

niz. n‘n@lp sratures and impregnation
rfaceé[a, pore diameter and total pore

'SGL)‘G by Okman et al. (2014) when they

}'

78 % of the pore volume. Median pore wi

to 3.86 nm (800 °C).

The results show the %zl ca

ratios to the BET \Ulf'i(k& nws\lp( g
volume. Relatively sii N‘csu 1S Wi
B @

determined the \uxi and porghi

was |mplu'n‘mi%|{v( O3 t8o. ‘fh@valed carbon have 1,166 m%/g BET surface

oi micropore smlau arca. 99.16 % of micropore volume and 1.6 nm

of, t&gra seed-based activated carbon which

arca, 1,156 1

of por¢ er resulted in a highly microporous activated carbon.
"03 plays an important role in porosity development at different stages

When K>COyj introduced to the precursor during the impregnation process, the partial

structure of cocoa nibs was destroyed. K»COs altered the carbonization behavior of
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cocoa nib. converted the contained minerals into soluble salts and established skeletal
pore structure at the pre-carbonization period. Then, K2COs3 developed micropores
abundantly and reduced the formation of graphitized carbon during the activation phase
(Zhang et al., 2016).
It can be clearly observed from Table 3.11 the irregularities in the f‘%\n of
art

pores which can be translated into the increasing or decreasing of sur (ce arta of the

prepared activated carbon. When the char was activated at 700 °C ar gnated with

n“i wil.'h 53 m?/g of

surfacdaregffompared

| ]
with the previous activated carbon prepared at 600 °C E@ana d wihh 'a@g: |
1’ac a). '{gs.was an

(1,018 m?/g of BET surface area and 743 m?/g of mve S >
indication of a structural collapse in the carbocwn“cs. er, @SUH}ICC area
.{Q [:1 to 3:1). It

ratio of 1:1, the BET surface area calculated was only 45

micropore surface area. It showed a relatively high decreas

was gradually increased as impregnation, rati0Nwag~Ngcr
showed the influence of KoCOs in deve genﬁo ne por@}nnd improvement of
“ Q-
miroporous structures in the carbon. \ \
T E\
Figure 3.2 shows a pld bh fol't '

ph fodthe obeadde distributions of cocoa nib-
$ &
based activated carbon, b: Nn 1heEe ™ As %/bc seen from this plot, singular
sharp peaks were dclcct‘ W the angg] 2P lea@’x\ngstrom (A) (or 2 to 4 nm).

L,

g
=/

Oore Volume (cm?/

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Pore diameter (Angstrom)

Figure 3.2 Pore Size Distribution of prepared activated carbon.
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About 73 % of the pores had their diameter within the mesopores range (pore
diameter range of 20-500 A). Hence. the cocoa nib-based activated carbon is
mesoporous material. This suggests the prepared activated carbon would be very
absorptive to aqueous sample. \z

Carbonization in inert condition could yield a mesopore carbon oi]}i&hrmw
pore size distribution. Carbon with narrow pore size distributions is smwyruclurc
that could improve practical parameters such as BET surface area a Nal micropore

volume (Lukaszewicz & Ziehnski, 201 1). '

3.4.2.2 Surface Morphology

nder 10000x

hanges of the

Co@mn some irregular holes

N

agh %czm be observed in Figure 3.3

llwnz&cxpunsion from pyrolysis. Pore

N &)
development in the chur% ¥ pyFoWsi Si rtant as it would increase the surface

arca and pore volu:c&”xc z}‘t /a

Alrozi, 2010).

In figuN3® (b), bigger heterogencous and irregular shape pore structures were
obseryed. re pores were developed and were closed to each other. K>COjs-

impregnated sample shows a better porous structure development compared with the
non-impregnated sample (char). At this point, the porous structure has been formed
where exterior pores serve as the main channels that connect to the inner pores of the
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carbon. However the structure has been partly broken where the surface was eroded
during the activation process where similar observation was obtained by (Hao &
Xianlun, 2013)

The introduction of K»CO;3 enlarged the difference between the morp on

the surface of the char and of the activated carbon. The reactions bcl\\Sen)zCO;—

carbon took place due to the diffusion effect and the heat was trany d into the

molecules which create more pores in the activated carbon (Tan ¢gal.;W908). Okman et

It can be observed in Figure 3.3 (b) the preg

various sizes attached 1o the surface of the activatedarbore

CH(CO3

believed to be the residues of potassium sal ¢ aé@ilar finding was

observed by Mopoung (2008) while prepgigg the b \s\% - wsd activated carbon.
N

I'his indicates that the traces of 1')01135\“ ts rgsiducyatie p@&’m in the carbon matrix

even though intensive washing m?’c wifh th nbMon of HCland boiled-HO

was applied F 5 P 4 (Q

28772 um

| 3
HV ispotimag OO D |det| vacMode | v 10) i) eer——

2000kV: 30 /110000x!81 mm LFD Low vacuum | B10

(a) (b)

Figure 3.3 (a) SEM micrograph of cocoa nibs char and (b) prepared activated carbon.
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3.4.2.3 Surface Functional Groups

Figure 3.4 exhibits the similarities in the pattern of the FTIR spectrum for the
cocoa nib char, cocoa nib-based activated carbon and commercial activated carbons (C1
and C2). Table 3.7 lists the wavenumbers of FTIR spectrum detected in the car OR.

It can be observed that in infrared spectrum for the prepared activa:%)on

peaks were detected at 2324 (C=N), 2115 (C=C), 1990 and 1837 (combgagtion bands

of aromatic hydrocarbon). 1793 (C=0 of carboxylic group) and 1 ! (C-C of

aromatic hydrocarbon). A relatively similar pattern of the FTIR m d'emonstrated
by the cocoa nib-based activated carbon was observed on comr 1(:Wivated

"X
carbons (C1 and C2). This indicates that the surface functi@voups n cl)c@b-

based activated carbon are relatively similar to the colwmal {Tv carb’ouYsT

the acavated casbon

5y
&

ransmirance

O rel ewW Q000 TE 10U T30 1200 W W
cw‘u_rnber

Figure 3:&11 spectrums for the prepared and commercial activated carbons.

00 2o

ONen functional groups (C=0) was detected in the prepared activated carbon.
The presence of oxygen functional group on the surface of activated carbon was

expected to indicate the polarity. Oxygen functional group was expected to bind water
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and to facilitate the formation of water clusters. The presence of C=0 in aromatic groups
exhibited strong oxygen functional group intensity, which indicates hydrophilic
characteristics (Ahmad et al., 2013).

I'he prepared activated carbon was also showed significant formati N rile

groups (C=N). The introduction of nitriles increased the basicity of tle&mn I'his
was due to the isolated electron in the nitrogen atom (Ahmad et z\l.%)l i;

Table 3.7 Infrared assignment of functional groups on thg AT ag dlL carbon
surface (Adapted from Ahmad et al., 2013).

. : \\ ave numbu\ range
Charactenistics

(cmr D)
\hplmﬁu }l\(hm \llmm - \
C-H Not diIQT'
CcC=C \'01&{& te
C=C

Aromatic Hydrocarbons
C-H (out of plane)
C=C

Combination bands

\ "NVI detected
\& 1570
& 1990, 1837

v &
Oxygen functional groups %

C-0 A Not detected

( 1
C-0 A é\ 1793
O-H B6O0 - 300 | 0 Not detected
Nitrogen ("umium\! sroups
C 32

\&

O
P
3.4.3 Che u.u‘l a n}( el ll@ll ed Activated Carbon
Due A Cchar: llltll\il\\ dLIh';llCd carbon prt:p:m'd at 800 °C with

A mt 3.1 (CNAC ‘«b()()~ 3) was selected to undergone the demineralization

impregnate

Yacid treated activated carbon was named CNAC-D3



3.4.3.1 Adsorption Isotherm
Figure 3.5 shows the adsorption isotherms of CNAC-800-3 and CNAC-D3. The
different shapes of the adsorption isotherm are a reflection of the different pogg.size
distribution in the activated carbon samples. %\
It can be observed that the isotherms of CNAC-800-3 and CNAC 4% >sembled
a combination of types 11 and 1 with prominent hysteresis loops of lpraccording
N

(o TUPAC classification of hysteresis loops). which occur in thvn of 0.2 to 0.8

P/P,. This shows the higher degree of mesoporosity contaj th@ (Mak et
| ]

al., 2009). ‘é X

90

80

70

60

—A—CNAC-D3

Volume Adsorbed (mmol/g)

——CNAC-800-3

0.8 1 1.2

> pres /
\I@Iwe pressure (P/P,)
FiguE N Adsorption isotherm of CNAC-800-3 and HCI treated CNAC-D3.

Q carbons showed a less steep Type 1 isotherm with a sharp “knee” form at
the low relative pressure and a gradual increase in nitrogen gas (N2) uptake at the higher

pressure. The gradual increase in N2 uptake occurred beyond P/Po > 0.2, thus showing



the heterogeneous microporosity and growth of small size mesoporosity (Nakagawa et
al., 2007).

HCI treatment increased the adsorbed amount of nitrogen for CNAC-D3yagthe
region of 0 to 1 P/P,. Both isotherms presented with a steep adsorption a@ ow
relative pressures (P/Po = 0 to 0.2) characteristic of microporous structu akagawa
et al., 2007). The hysteresis loop type H4 characterized the pres@mcsoporcs
particles. CNAC-D3 showed the higher adsorption and CNACH Owwcd the lowest
adsorption of the series in the low-pressure region. HCI tre i1 crw amount

o

adsorbed at low relative pressures.

CNAC-D3 adsorbed almost twice more No tRg

3.4.3.2 Surface Area and Po

Hcs off (:Q'éoa nib-based activated carbon

<

Table 3.8 shows lh&)rc chui'
before and after acid treAgen¥. ThES ks sh(@ﬁc treatment process has resulted in
ore {gjume. The effects of the treatment change

an increase in both theguridce afba
the ash content, wuctur R ade L ionality and adsorption capacity (Bhatnagar

Fey

et al., 2013)\
:héompurison was made between CNAC-800-3 and CNAC-D3. From the

table, be observed that the surface areas for the prepared activated carbons were
increased after the hydrochloric acid treatments. The surface area for CNAC-800-3 had

increased from 1,313.9 to 1,932.4 m*/g (86 % increases) in CNAC-D3.
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Table 3.8 The surface area of cocoa nib-based activated carbon before and after acid
treatment

Sample BET Micropore  Total Pore Micropore Median

(*prepared AC- Surface Surface Volume Volume I

‘activation temp’- p d
“impregnation ratio’) AEs Area (cm3/g) (0 o) Vi

(m?/g) (m?/g)
U — PR Tt SRS T [ e = e - —_—
Prepared Activated Carbon *
CNAC-800-3 1,313.9 1,019.4 1.62 77.61Y 3.86
Prepared Activated Carbon Treated With HCN

CNAC-D-3 1,932.4 1,272.6 2.67

T 3.45
The total pore volumes were observed to increasggin C CH00-, Mo llYilcid
treatments (1.62 cm?/g to 2.67 em’/g) with 64 % ncTegent. A)Il ug lhc%. >ropore

N T
wikh CN@AT=800-3, the

yvolume was recorded to decrease in (‘,NA("w%z:Dar(,
micropore surface area was increased from \%“/g t0 TR

The volume reduction was about 11 %. %

N

can be determined with the microgbre s ‘c{cﬁj)\'as clearly understood from the

-d gffirbonde have more microporous. structures

@)

1
cfrbal‘}'s) Although the percentage of micropore

table that the demineradi
compared with the un%\ a
\ ) :

volume in CNAZ R Nwvas gy !ha@!\(‘. -800-3, the micropore surface area n
CNAC-D3 v Ahcr compared wi&&i\}NA(’?-S()()d (increased in 24 %).

a2 2ti0n at 500 °C can develop basic microstructure of porosity. The
dev@igpedPores are prone to be filled with tarry products which produced during
pyrolysis. The higher temperature of carbonization assists the removal of tarry and
disorganised matter, hence eliminating constrictions and forming a more accessible

pore structure (Illingworth et al., 2013).
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Besides tarry products, mineral oxides were also present in ash matrix which
usually blocked the pores structures. However, with the acid treatment, some of the
minerals are leached out from the structure and increase the surface area and garbon
porosity (Shawabkeh et al., 2015). %Y'

HCI treatment increased the adsorbed amount of N2 for CNAC- the region
of 0 io | P/P.. In both activated carbons, the isotherms developedwere a steep

adsorption at very low relative pressures (P/P, = 010 0.2) characl?& of microporous

structures. The hysteresis loop type H4 characterizes ro¥en e'of esopores

00 re’sakﬁ' the
Q)
‘hcrel.‘o)r . H ltre&mcm was

N

\ed ac@i.d carbon.

tc@%on treated with

proven to increase the surface area and porosity

The development of more surface ar 1d) es |
eﬁ&w surface and/or in
S

15 % in the form of ash

HCI solution is likely to be due to the el

the pores. Activated carbon can condgl

content, which clogs up in the )req Al
iku: PALI\,

According to Nuitft (26 ls are regarded as unwanted

contaminants such as Ngl, 1, d Fe. In order to purify the prepared
. .

activated carbon andglO rgiovd the CRn ts. acid solution is usually used during

washing part an wther tfe gt Tlede inorganic elements could be removed from

SN ’
activated cagonith HCI, HySOy O'F‘QF treatment in order to reduce the ash content.

1%9 demonstrates the effect of HCI treatment to the ash content of the

prep livated carbon. It can be observed that the ash content of CNAC-D3 has
been decreased to more than half, contrasting to that of CNAC-800-3. In addition,

commercial activated carbons contained relatively higher ash content compared with
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the prepared and the treated activated carbon. Therefore, HCI treatment was proven

effective to be used in eliminating the ash content from the activated carbon.

Table 3.9 The ash content in HCJ ireated and untreated activated carbons \z

Untreated activated carbon Treated activated carsong

“551;11;110 Ash content (%) Sample A@m (%)

CNAC-800-3 15.52 CNAC-D3 \p.zs

Cl 1111 T
|

C2 23.81

3.4.3.3 Surface Morphology Y \ Y:V

Figure 3.6 shows the SEM micro@e C-D;3< E;'he activated

ed cad /il’=&a,ki

carbon formed irregular, large caved-in sh {@S ['he smallest pore

N
@rgesl was 4.802 pm.

developed onto CNAC-D3 was size

Whereas the largest pore develope [ ac mted activated carbon was

proven to affect th %ml}u / ara sPruche of the activated carbon. This means that

during carbonja®gn, the organic com&;ds together with carbon were forced to leave

c\u pores were created. However, minerals were left in the pores. The

the structur
hydrochloric acid solutions on the activated carbon resulted in the
elimination of these inorganic components, which was similarly reported by

Nuithhitikul et al. (2009) and Bhatnagar et al. (2013).
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3.4.3.4 Surface Chemistry
Figure 3.7 shows the spectrums of the a t

and CNAC-D3). Both activated carbons de a&lali
1 :' ;)mdn%os
[}

po.g? in both spectrums
[}

d 15 (v&ﬁ'x\eak) in CNAC-800-3,

exhibit relatively similar peaks. There

between 3500 and 800 em™' except N
N
which was disappeared in CNEC.I Thns ndi tqs@he acid treatment was not
£y
T 1uml oullaé(u) CNAC-800-3, as CNAC-800-3

ibm@{ of hot water and hydrochloric acid

significant in altering the s

’
3 af@clivation process.

in order to remove lQ-
CNAC-$00-3

BIUVNL CTY Wor:

& Q /{ /’\'\
& T—— 4
£ e | N
€ % Rae o \¢
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Wawnunber

Figure 3.7 FTIR spectrums of CNAC-D3 and CNAC-800-3
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3.4.3.5 Principal Component Analysis

Principal component analysis (PCA) was used to any similarities or differences
between the commercial activated carbons (C1 and C2) and the prepared actipaigd
carbons (CNAC-500-1, 500-2, 500-3, 600-1, 600-2, 600-3, 700-1, 700-2, 70%&
800-2 and CNAC-800-3) in terms of their physical and chemical proptACNAC-
500-1. CNAC-500-2 and CNAC-500-3 were the activated carbonsh% ore prepared
at carbonization temperature of 500 °C and were impregnated wi 5(CO; at ratio of

I:1. 1:2 and [:3, respectively. CNAC-600-1, CNAC-60 °N t-G -3 were

3 [ Ve ~ ° . N . 2
prepared at 600 °C of the carbonization temperature anfRge mpi gna 1, ra&;gv.vas

followed the sequence from the previous groups. =700, C AC@U—Z and

T

nd CNAC-

~ 8004

3@4)3 were the
A

N YA
hydrochloric acid treated activated carbé‘ o ’ A

u Q—
800-3. % j A‘Q
\ S
The commercial activgled cybon wa IR, tivated charcoal (C1) and
) ' “.) s

Ultracarbon Medicinal (;le'&xl((,l)r : by %k K GaA. The similarity among

<

the activated carbons wiflgbe Show TN cor lot where the carbon located in the
'_ls

T’,e PIQY des a visualization of the relationship

same cluster or QHQ_ scre: :
between the pre wtivaled rbdns commercial activated carbons.
N

@) )
Prio:wysisﬁ all the prepare\ activated carbons were coded as ACI1, AC2,

AC3 C5, AC6, AC7, AC8, AC9, AC10, ACII and AC12. The acid treated
activgbon were coded as AC13, AC14, AC15 and the commercial activated
carbons were coded as AC-C1 and AC-C2.

Table 3.10 represents the raw data of the prepared activated carbons and the

commercial activated carbons which were selected as the parameters for PCA. The data
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matrix was in dimension 17 x 11, where 17 is the number of activated carbons and 11

is the number of variables. The parameters related to physical and chemical properties

of the carbon are BET surface area, BJH volume, BET diameter (pore size) an

numbers for surface functional groups.

Pable 3.10 Cleaned data mairix
commercial activated carbons

with maximum normalization

Y,

C

N
Vnpared and

Syt Ve Dy Peakl Peak2  Peak3  Peakd  Pé@l SW() Peak7  Peak8

AC] 00718 0.0005 0.0103 0.0000 0.6724 0.7513 0.7876 0.0 O(r 0.8¢57 1.0000
A2 00915 00005 0.008% 03677 0.6700 0.7499 0M‘“h 1.0000
A3 ). 1393 0.0005 0.0064 0.3714 0.6718 0.0000 ' 875‘;\ 1.0000
A4 D.1256 00005 0.006% 00000 0.6781 0.7481 08743 1.0000
ALS 01500 00005 0.0067 D.ODOO 0.7675 0.8558 ( 000 0.0000
ACSH 0.1615 0.9005 0.0053 00000 0.7002 0 86@0()24 1.0000
AC? ©$.2380 00004  0.0029 0.0000 0.6707 0.%3 0.8992 1.0000
ACSH 03056 0.0004 0.0025 0 0000 0.6709 949 00 08733 1.0000
ACS U 3670 0.0004 0.0019 0.0000 0.67 '()-\0 0000 0.8749 1.0000
A0 0.4329 0.0007 0.0024 0.0000 0. s 0 7‘& 0.0000 0.8745 1.0000
AC1 0.5356 00009 0.0027 0 0000 Y @U 0.0000 1.0000 0.0000
AC12 0.4947 00006 0.0019 0.0000 Nl 7870$ 7965 0.0000 0.8750 1.0000
ACI3 0.5966 0.0010 0.0024 )OKWWU 0.750 0.7 ’7% 0.7967 0.0000 0.8765 1.0000
AC14 06862 0 0006 0.0016 ] 0.6626 > 2 rl )g 0.7952 0.0000 0.8740 1.0000
AC1S 0.9226 0.0008 0.001 \1)0()()“ . \a_\ 7494 Q)) 864 07965 0.0000 0.8756 1.0000
AL-C 0.7996 00003 0 (K) 5720 0 75@0 7860 0.7960 0.0000 08748 1. 0000
AC-C2 06437 0.0002 N 0.Q000 .__l 0.4 0.7862 0.7955 0.0000 0.8750 1.0000

Eintadint i SN . M i . —£ 5&'_ .

m*/g). P

: 7 s
N . -
Among i% arcd 4l ?tcd s&mnss AC15 showed a relatively similar
X
surface gucn\An’/g) to that of @‘,I (1854 m?/g), and better than AC-C2 (1003

alysis with PCA, the raw data was preprocessed using maximuim

non@rl, Normalization is essential because PCA is an exercise of maximize the

variance. By this practice, it will improve the accurateness and ¢

parameters (Ding et al., 2014).
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The first observation was made on the correlation of the activated carbons with
the FTIR peaks of functional groups. The prepared activated carbons (ACI, AC2, AC3,
AC4, AC5, AC6, AC7, AC8, AC9, AC10, AC11, AC12, AC13, AC14 and ACYA&
the commercial activated carbons (AC-C1 and AC-C2) were studied again@ IR
peaks (peak 1.2, 3,4,5,6,7and 8). Figure 3.8 shows the Scores Plot w$gure 3.9
shows the Loadings Plot. J

The Scores Plot displayed the location of the sample /\WCL AC3, AC4,

AC6, ACT7, ACS, AC9, AC10, ACI2, ACI13, AC14, AC e -Cl aQaCZ at the
.
positive side of PC-1. The location of AC5 and ACTT Wi d offn g;aiggidc

on PC-1 (not shown in the graph). The plot show WA COodR A @ on the

positive side of PC-2 while the other samples vt w he

1t can be observed that there were lhl%

p:

A,

,$A(‘,l3, AC14, AC15

ere a0 idered to be in the third

N
group while AC-C1 was placefflogegetweey the feqogdynd third group.

s s
By referring (o iu&%l @N pat‘l‘éﬁ&guited the developed data. For
example, peak 1 was or\oh Ained™ N

only in AC6 and A@M OMer aglivajedc
AC13, ACI4, /\:wd AC- B whre I’R{ng relatively similar peaks.

D)

; 7]
]

5 )
[oR

e oo
=5

were in the first group while AC1, AC4,

2

and AC-C2 were in the second group?
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Scores

PC-2 (29%)

w 6
Figure 3.8 SC‘NQ of PC-

Figure 3.9 shows a Loadings Pl 1 i’) ,. %%t

% “ & |
2, peak 3, peak 4, peak 5 and peak 7 N mi—Nd Wﬂﬂ)ositive values for PC-1
N
(peak 1, peak 6 and peak 8). IffCan iz obserged t [h@lk | and peak 8 were at the
4 $ &
h of 1

PC-2 (29%)

e .

negative side of PC-2 andK() wz@ ive side of PC-2.
g \ d‘mg(ﬁo

‘ L]
Q-"’ | 53¢
& n).' )
A\ N
X
’“ o - G ) PC-1 (:;%) . ) F a

Figure 3.9 Loadings Plot of PC-2 and PC-1.
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In the second analysis, the activated carbons were tested against the porosity
characteristics which consist of BET surface area (Sger). BJH volume (Vi) and BET
pore diameter (Dggr). Figure 3.10 shows the Scores Plot of the analysis while ¥
3.11 shows the Loadings Plot. From Figure 3.10, it can be observed tha% aph
showed the difference among the activated carbons which can be dividtginto five

groups V‘

AC1 and AC2 were witnessed to have been located at tthst negative side

of PC-2 and PC-1; and can be considered as the first group agg@®an A@her with
d

. .
l’le @lve

AC4 and AC6 can be considered as the second group, whigagere logate

side of PC-1. However, AC3 and AC5 were placed % 1

and AC6 were at the positive side. AC7 to ACINgrp'at

=

at the negative side of PC-1 and were consid® ;s the thi

\3 A
AC-C2 were the fourth group which I;EE redjat ‘l'l Ve s‘:)@of PC-1 and PC-2.
\orc

U]
ACI1, AC13, AC14, AC-Cl and AC . )getlgﬁh%; group five which laid

N
at positive side of PC-1 but at egau e side ‘f 3 §
From the plot, it ca&d%%ccnlt X
AC14 and ACI15. The pnw A

L

from AC-C1 and /QS, his pbseyv lion\(vyls significant to show the similarity of

ACI1S5 and ACI W(“»—Cf; ‘Cl&gnd AC14 with AC-C2.
N

Figur& displays a Loadingﬁ"lot of the above analysis. The plot showed that

gro

Viin a %/crc located on the center of the graph while Sper was at the top positive
side o plot. Sper is significantly different from others porosity parameters (Ve
and Dger) which contributed by surface areas created at different temperatures and
impregnation ratios. This proves the relationship between St and Dggr, as shown in
Table 3.10 where the Dgir decreased when Sper increased.
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PC-2 (14%)

04 03 02 01

Ci 02 03
PC-1(43%)

Figure 3.11 Loadings Plot of PC-2 and PC-1.

The objectives of the experiment are to evaluate the prepared activated carbons
according to the structures (porosity) and the surface functional groups. In the first

analysis, most of the prepared activated carbons were relatively similar with AC-C2;
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and only AC2 and AC3 were having similarity with AC-Cl. In the second analysis,
AC15 and AC14 were relatively similar with AC-C1 and AC12 and AC14 were fairly

comparable with AC-C2. Therefore, it can be evidently concluded that AC12, anw

g=)

were belong to the same group as AC-C2 and; AC15 and AC14 were in the @rou
as AC-C1. \
AC-C1 and AC-C2 are popular among consumers in poiso% catment. The

findings can be used as an essential point to claim that the acgiva Brbons prepared

from cocoa nibs waste significantly have the potential to

aciivated carbon. é

3.5 Conclusion

This study showed that the use of‘KzN ctivati 1 with the two-

\L owe:{y the prepared activated carbon

contained deposited of l\(L and o iic ce&sﬁiucnts on the surface and/or in the
@

'S
C dri@oﬂ‘ some of these deposits to improve

pores. Iniensive w@)mc S
porosity. The H:\w!“nent on

Jrc@cd activated carbon managed to eliminate the
WIS and developed a hlohly porous carbon structure. Using multivariate

remaining iy

having a relatively similar characteristics of that commercial activated
carbons (AC-C1 and AC-C2). These data proved that cocoa nibs waste has potential as

a precursor in preparing a clean, cheap and highly efficient activated carbon.
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