CHAPTER 4

CHARACTERIZATION OF THE PRODUCED ACT@

CARBONS
4.1 Introduction \/

The studied properties of activated carbon were surf

, m
total pore volume, pore size, pore size distributi rface jmls , surface
rize ing
ety
rg@)usmg
elemental analysis, Scanning electron micrographs (SEM) and (Brunauer—-Emmett—

~V

\-esearch. Therefore, the

objectives of this chapter was the phys'{-c cal cmra %the prepared
colr,

morphology and elemental composition. The five adsorbents’ were ch
proximate analysis and FTIR but better activat rben werg¢ charac

Teller) BET test analysis due to limiting budget in

zati22

corn ¢ nee@rk, and Moringa

oleifera bark. \
&
6 e,
“ &
% ¥ QS
X
4.2 Materials .é\
'S
The prepared activated carbon of Qg}nut coir, corn cobs, neem bark, and

i iseussed in Chapter 3.

Moringa oleiferam%re useld were
2 L
M AR e

4.3 MethaQ, / -&J
’ "\‘
4.3. te Analy of&he Attivated carbon

1 30
K ues of moisture coﬁtent, ash content and volatile matter of rice husk were
det

ed according to the American Society for Testing and Materials, ASTM

activated carbon from rice husk, coc

&,

6-01, ASTM E1755-01 and ASTM E872-82, respectively (ASTM, 2006 and
TM, 2007). The proximate analysis of the different type of activated carbon was

done using the following procedure.
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4.3.1.1 Determination of Moisture Content

2 g of activated carbon sample (rice husk) was weighted and then put in a COT.
It was spread nicely in the container. It was then heated in an oven at a te of
105°C for 3 hr. The container was not covered during the heating process&. %eating

the container was detached and put in a desiccator. After cooling the dried ple was

<&

(4.1) Moisture content (% MC) = wv

weighted.

(mi—

m; = initial mass of container and biomass, and ‘\d
'S

m¢ = tare mass of dried container

Y
-
“n,

Same procedure of moisture content was followed f thersinated carbon of

. g A
nut coir, corn cobs, neem bark rin bark:
coconut coir, corn cobs, neem ba Gﬂlon ao q?qi:k)\\
S $

for Gt

4.3.1.2 Determinationgf VVolatile Matter n}erb
A known quantity (2 ;of a&@ cafgeﬁgsample of rice husk was put in a

cylindrical crucib (m WitHa lid. It was heated to 950°C for exactly 7 minutes

using a muffle Nnac . The i Was(p}‘»t in a desiccator and measured. Volatile
fga i ;, 3

matter on dr
&. I ) &
Cal weigh ercg&~ s follows:

(=]

4

<) g
(42)  Weightloss, 9 =(i=W/)x 100 _

(wi —wc)
&ie: we = weight of crucible and cover, g

w;i = initial weight, g and ws = final weight, g
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Calculate the volatile matter percent in the analysis samples as follows:
(4.3) Volatile Matter in analysis sample, (% VM) =A-B

where: A = weight loss %, and : )

B = moisture, %, as determined using Method E1756-01. Yv

carbon of coconut coir, corn cobs, neem bark and Moringaeleifera bark.

| &
4.3.1.3 Determination of Ash Content Y
s N

2 g of activated carbon sample of rice husk &s put i
a muffle furnace to 550°c for 24 hrs. Duri i eatinapr

open. After the required heating, the inep'was put in

was weighted. \T &.\
44)  Ash cﬂé) 2>7 <

% ash = mass percent of agh, based’)

mc= tare mass of ehntai r" gb)“.é}/
ms= initial ma@%@nple apﬁontainer, g
Ma=Mmass O%Md cantainer :' C.)o

Q/I

Same %‘u’re 3{ uf:)nt nt so followed for others activated carbon of
cocon gﬁorn cobs, eerfr b@d Moringa oleifera bark.
N S

Same procedure of volatile matter content was also foIIowﬁ forothers activated
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4.3.1.3 Fixed Carbon

(4.5) Fixed carbon FC = 100 — (% moisture content+ % volatile matter w

content) c\
4.3.2 Ultimate Analysis of the Activated Carbon \,z

About 100 mg of samples was put on a double-sided eI&trWonducting carbon
adhesive tape on SEM holder into Energy Dispersive X-Ray (FESEM-EDX) analyser.
The elemental analysis used in the EDX was perform&]g ( EMISA 40VP
SEM) for the activated carbon of coconut coir due to hawing a limited budget. Eﬁ_’&bx
detector was equipped with an ultra-thin light-ele window detecting el@lts with

— 4
an atomic number > 4. The Energy Dispersive X-Ray anaiw used te’ detect the

c@ﬁne etc. in the

in each analytical

elements like carbon, sulphur, oxygen, nitr

sample. The sample was set in triplica\ga

batch.

4.3.2 Surface Morphology. \ al Aj
:f the act

ivated 'ca‘h% was determined by Scanning
Electron Microscopg, (SEM). It "S\{]‘i used:@ﬂentify the pore structure, surface
structure, and por&}gem nl Th oatinglﬁ}:l must for a non-conductive specimen
(Fei, 2005). T Mng as ap ledtor '@e constancy of the beam. It also improves
the image %he fm e a!'coe? with a 1 to 4 nm layer of Palladium in all

m as@mted onto the sample chamber with a sample

directions. coateﬁ
Mtrument ncti’gn %fﬁﬁgs were adjusted to compliment the analysis. The
obtained by using a‘nci%aging procedure. Here the high voltage was ramped.

The surface morp

eared image was focused and adjusted. It was modified to capture the high-
ution image (Pathan et al., 2010).
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4.3.3 Surface Chemistry

Fourier Transform Infrared Spectroscopy was carried out to study the
chemistry of the prepared activated carbons. It was proved by identifying t N nal
groups presented on the outer surface on the adsorbents. Variousl_g%i light
wavelengths were used to measure functional groups of five activated carbons. It was
recorded using a suitable method (Higgins & Seelebinder, 2011). Priog@analysis, firstly
the background spectrum was collected. Then approximately, Wof sample was
placed onto the crystal plate. The sample was put into the,FT ice. It was placed

le W‘iS evaluated by

by turning down the knob until a ‘click’ sound. Then th

spectrum and the created spectrum was saved for data a
3
N4
| S
4
4.3.4 Experimental Setup for Furnace \ \ &
The process of pyrolysis, carboniz% d a
conducted in a stainless-steel verticaw (Linn Elektro Tt@n Germany). The

tp@‘urnace, atemperature

qsize @e vertical reactor is 100
steeA‘The reactor was situated at a
central place in the verti Th stem was involved with a
temperature controller qx:\:d the te@erature. The furnace can tolerate
a maximum tolerant,tempe °C.’@§moke discharged from the reactor
was condensed ir&' condenser rougr@denser tubing. The experimental setup

for the prepar§ﬁ|%1c t ac'ti

section to ¢ he gas f alé anJ emperature controller. The gas stream was

cprb&r&?two parts discussed below: gas metering

deliveredsto ackfi e offthe’ vertiedl furnace. It is attached to the reactor from the

lower e tubular rnie.{,meflon tubing linked by stainless steel fittings was

as the connecting pfpcéjfor the system. Nitrogen (N2) gas was supplied to the

t constant pressure. It was adjusted using pressure regulators. Here the flow

was determined by gas flow meters.
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4.3.5 Carbonization

About 100 g of the precursor was taken and placed into a furnace equipp i
stainless steel vertical tubular reactor. Nitrogen gas was applied as the m
through the furnace, to prevent oxidation in the system. The flow rate %T‘%en gas
was held at 1.5 mL/min. The heating rate was set constant at 10 °C/min. The
temperature was increased from room temperature to 280 °C for cornfCobs and neem
bark and held for 5 hours. After the five-hours holding timewmperature was
decreased to 30 °C to collect the produced char. The rice , coconut coir and

Moringa oleifera bark were carbonized at 700 °C for a one ho he char was taken in

a desiccator. The char was then stored in an air-tight iner flike propylene
bottle for further treatment (Ahmad et al., 2011). Caleulation of the c rel@)s?s in
equation 4.5:

(4.6)

mass of corn cobs before carbomza@g)

4.3.6 Chemical Impre ﬁat R ’

different chemicals at various

The chars produce

impregnation rat| as s'|ow in Tab . The samples (100 g) were then

chemically actl |ng %inc ide (w/v 10% ZnCl) and sulfuric acid

(0.5M H2S04 atlo f1:5 ho&@for Moringa oleifera bark (Salmi Abdullah
n

etal., 201 usk was impreg ith zinc chloride (ZnCl2) solution with a ratio
of (1:2,rati@) for 16 h&Jr i etal., 2015). Coconut coir was soaked with (2%)
i-carbonate (NaHCQKWr 18 hours (Khan & Choudhuri et al., 2011). Corn
c Nre soaked with zinc chloride (0.1M ratio 1:1) for 6 hours (Okafor et al., 2015).

ark was impregnated using zinc chloride (0.1M) and phosphoric acid (v/v 10%

0Os) in two separate beakers as well as produced paste with a mixer for 3 hours
enneth et al., 2015). Then, the beaker with the impregnated sample was placed inside
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an oven for 12 hours at temperature 110 °C for dehydrating purpose, leaving only excess
chemicals from the sample. Each produced char was impregnated with dgggt
tl

chemicals using three ratios like (1:1, 1:2, 1:5) and only the best impre m
shown in Table 4.1. : &0

The impregnation ratio was calculated as in equation 4.6:

Wchar x 100
Wchemical

where #chemicals IS the amount (g) or mL of chemi Wepar 1S ry‘w@ht
(9) of char. é ' —{‘)

(4.7) IR =

Impregnated Ratio c Ch \T Chemicals
(IR) () I (9) or mL
1:2 ice hu <Q ZnCl;
1:5 \ C oir .\ NaHCOs + H2S0,
1:1 Y. L bs < ZnCl, + H3POy4
1.5 Ne ar ZnCl; + H3PO,
1:5 “ y: ori}q&e& ZnClz+ H2S04
\ \ ‘&
& &
4.3.7 Pyrolysi thl C—)(J
The v che |cal i re d chars were placed inside the furnace reactor
for ac It was ‘pcte der the nitrogen flow of 150 cm®min. The

tem@ as increased fro mblent temperature (25 °C) to desired activation
ature (600 °C, 700 °C an 800 °C). Here it was the heating rate of 10 °C/min.
the desired activation temperature was touched and held for one hour. The
| ated carbons were cooled to room temperature under nitrogen flow (Ahmad et al.,
11) All processes were conducted three times. Table 4.2 shows the activation

90



temperature applied for the activated carbon which was the best adsorption capacity for
rice husk, coconut coir, and Moringa oleifera bark at 700 °C and corn cobs an?egw

bark at 800 °C during one hour. \

Table 4.2 The activation temperature applied for 1 hour of each nara| material

o )
Activated 15t 2nd N 3rd
Carbon Temperature Temperatur : Ten'perature
i
Rice husk 600 °C 700 \md
Coconut coir 600 °C 700,°C ce Y'
Corn cobs 600 °C 700 800 fC >
Neem bark 600 °C 00 C“\
Moringa oleifera 600 °C 0 s 800,°CL"
bark N ‘.,\.,/
\/\ T S
4.3.8 Washing O
o s
The produced adsorbents wer |t d a remove the remaining
ZnCl; and other chemicals I|k id an base hlt s was continued until the
pH of the washing solutions_r e Was ured using a pH meter. Here,
the washing process was-conducted by filter aqer r it was then kept in an oven at
110 °C for 12 hours. ;fte, drying#t tﬂa@ carbons were stored in air-tight

containers like pcmene tp furth aracterization studies (Ahmad et al.,

2011). (’} :' (,)(J
Q- ¥
4.3.9 %Area aﬁ#ﬂ'snywreasu rement

face chemistry of p?éuced adsorbents was conducted using the adsorption
s of nitrogen. It involved surface area, pore volume and pore size distribution
prepared adsorbents. The surface area and porosity analyzer are run by measuring
quantlty of gas adsorbed onto a solid surface. Here the static volumetric method is

applied to measure the amount of gas absorbed. A quartz sample tube was used to hold
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the analyzed sample. A cleaned quartz sample tube was weighed together with a frit
seal using an analytical balance. That weight was documented. Approximately 1

of the fine sample was placed into the tube. It was weighed together with t w

and the weight was also noted. Then the samples were degasse bient

AAfter the

degassing procedure was completed, the sample was kept in the aww system for

°C to obtain

temperature to 300 °C until the evacuation was completed at 950 m

cooling in liquid nitrogen. A 21-points analysis was measured 96,
adsorption isotherm. Through admitting successive known vo f nitrogen in and
ome'ritics, 2006). A

out of the sample and measuring the equilibrium pressu
relative pressure of between 10° and 0.995 of N 0 obt@in the N>
adsorption isotherm. The Estimate of surface area and pore volu ewﬂ)r@u by
the software. It was calculated from the N2 adsoxpti tlle Bruhauer-

(BJH\)/‘unations

tlgqgieasured by

Emmett-Teller (BET), Langmuir and Barrett,

(Ahmad et al., 2012). In the meantime, the micr
applying the Horvath-Kawazoe (HK) me@ﬁ‘k

4.4 Results and Discussion ‘%

4.4.1 Characterization of

ater
4.4.1.1 Proximate An '
4 ’ &
Table 4.3 show r fl \atyms between five precursors: rice husk, coconut
coir, corn cobs, n e ark, oringa Olé(e a bark. The comparisons were made to
study the dlff en bet een the fi rsors The differences were studied in the

Q) m0|st t, ( o@t (3) ash content and (4) the fixed carbon
ent Plstur

3

content ontent in Moringa oleifera bark, corn cobs, neem
bark,% coir, and rice hus e 1.3 %, 2.3 %, 4.6 %, 5.81 %, 4.5 % respectively.
B e percentage of vol\ﬁ'le content in coconut coir, rice husk, neem bark, corn
‘%nd Moringa oleifera bark were 15.5 %, 12.4 %, 10.21 %, 14.65 % and 14.40 %
spectively. However, the percentage of ash content rice husk, neem bark, coconut
Qr Moringa oleifera bark, and corn cobs were 7.25 %, 2.5 %, 1.4 %, 4.38 %, and 1.20

% respectively. The percentage fixed carbon of corn cobs (83.79 %) was significantly
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higher and neem bark, Moringa oleifera bark, coconut coir, and rice husk were 75.16
%, 79.9 %, 82.8 %, and 75.95 % respectively. The ash content is a determinati
total amount of minerals in the sample. Char with a large proportion of min&k

results in higher ash yields on an air dried basis (Saini et al., 2015). The s‘ﬂbhe soil

could have effected the uptake of minerals and availability of nutrie e natural

tter

trees. If acidity is increased, various nutrients and minerals could be lable. Some
minerals can lead due to present excessively (Van Vliet et al., 20%

Table 4.3 Proximate analysis of all rbenT .\d
N
a
era

[ o °

Parameter Rice husk ~ Coconut  Corn cobsy Neem bar ’I\w
coir olei

- = YBark

s
E I

Ash content (%0) 7.25
Moisture 1.3
content,(%o)

Volatile 15.5 1 4% 10.2
content,(%0)

Fixed 75.95 2.8 79 .16 79.9
carbon,(%0) BQ\Y /5\
N7 o " ) A

N

4.4.1.2 Ultimate Anal% ’ S
' g b 4
The surface chemical co i as determined by using a Field Emission
’ Mpedta y using

Scanning Electron Microscopy with E@/ dispersive X-ray (FESEM-EDX)
b e A N
spectroscopy. Nectr m,ob

;dwz&%bbwn in Figure 4.1 and the percentage was
Table 4/4. The ercg&t_a}ge of carbon (C), sulphur (S), oxygen (O),
diumg( Pa))zre 76496, 11.4 %, 10.8 %, 1 %, 0.8 %, respectively. The

arbon an oxyge@?are supported by FTIR results that showed the

sy
presenceé“ef carboxyl and hy&%}yl groups. The presence of sodium appears in the
sp indicating that the sodium compound was strongly bound with carbon and

@ en. Besides that the high percentage of carbon shows the nature of coconut coir

t mainly is good for producing activated carbon. EDX analysis results are shown in
Figure 4.1, where results are presented in the mass percentage of the sample. Coconut
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coir was basically an organic structure with large amounts of carbon and oxygen. Some

other elements were found too such as Sodium (Na), Silicon (Si), and Chlori .

The biochar sample showed a huge amount of carbon, oxygen and some amo&& Na,
and Cl were also found. : (q
. |-_d:-| [ | Spectrum 60
] Wt% o
. 761 10
2= 114 06
i 108 07
i a 10 03
. Na 07 02
15—
-
u -
=
a
u -
1_
0.5—
D Illll|IIIIIIIII|IIII|llll|llll|llll|IIII|IIII|IIIII
0 2 4 8 keV/

&
- Av
ST Y S
lljsk s derived char at 700°C.

Figure 4.1 EDX analysis’of the cocon
) 4 ¢ &

Tab@ig t!)erce ge f e elements in coconut coir
A
c&nen] P %" <’ Weight percentage (%)
7

Carbon (C (_/ 76.1

Sulphur (Q, ) NS 114

Oxygen/(O F 4 é\ 10.8

Chlorinex(Cl 4 T 1

Sodjux(N N 0.7
N

N N
Q %.3 Surface Area and Porosity

Table 4.5 shows the surface area and porosity of the two best prepared activated

carbon due to having a limited budget in this research. The BET surface areas were
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detected to be relatively high. The BET surface area of Moringa oleifera bark was as
high as 439.23 m?/g than rice husk (271.85) when pyrolysis at 700 °C. It was mi

396.93 m?/g for Moringa oleifera bark. The total pore volumes measured

t

(0.153-0.189 cm®/g). Moringa oleifera bark carbon was the best activated

)

others due to impregnation with ZnCl> and H2SO4 in a specific activati nt to char

ratio (5:1).

o

4

Table 4.5 Surface area and pore characteristics of the p actiyated carbons

/.

Activated  PoreSize  Micropore  Totalpore BET rfaM.ic:&o,re
e

carbon A volume volum Area S
(cm®g) (cm3 (Mg § _%F%a
I 5ot v@\g n’/g)
Moringa 17.23 0.1537 ¥ 439: “396.93
oleifera \

—X

bark V
Rice husk 17.91 0.0941\:' )0 27@‘ 239.36

1217
H S
& >
9 %

On the other hand, accordin jo l%vgad, 2\@ , the BET surface area was
measured at 1,273 m?/ froWn coly and T, l18 $ from olive stones (Yakout &
Sharaf EI-Deen, 2016).6t vated carbo /as EL red using the chemical activation
method stones (YakNK& harla n, 2 Qay Alias et al., (2017) had studied the
effectiveness of &Qs in ucipg the ated carbon with a higher number in

surface areas emal org VO r}ds. Lgeg’ suggested that the improvement of the
adsorbents by @3 activation is associated with gasification

porous strw
reactiongwhereyK.CQ3 acc atedi&e\gasification process. During the heat treatment,
the % of the potassium and,the micro structural changes took place (Kamali &

Fr ). Biomass such as Msringa oleifera bark and other agricultural by-products
@of cellulose, lignin, and hemicellulose (natural polymer). During carbonization

t high temperatures, the polymeric structures decompose. It releases most of the non-
dbon elements, mostly hydrogen, oxygen, and nitrogen. It also releases minerals in

the form of liquid (called tars) and gasses. The carbons which are left behind formed a
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rigid carbon skeleton (Prahas et al., 2008). In cellulosic materials, the carbonization
temperature was found to be a crucial factor in developing a highly porous?gn

structure.

\
According to (Fattynowicz et al., 2015), thermal decomposition st (q 200
°C where it is associated with moisture release. Then, between 225 - C was where
the most intensive decomposition of organic matter happened. &e”uloses and
hemicelluloses underwent decomposition and discharged the vola contents When

R: its minimum weight

er ore resistant to

the temperature improves, the decomposition rate decreas

loss occurred due to the formation of char structural uni
thermal decomposition. However, decomposition of high . st

compounds took place, such as lignin. A total We% of approxi er S% was
recorded when the temperature reaches 700 °C. B rring to Table 4.5, azrelatlvely
perat OO °C and
(RH e BET surface
area was only developed at 271.85 mw ting the for@%’on of pores. This
value (239.36 m?/g) was calculated as-micropor rf a ,a<{he median pore width

was 8.64 nm (700 °C).

similar phenomenon can be observed durlng th stud
impregnated with char and ZnCl at the r for mfe h

0

However, methods of actlv car, ice and Moringa oleifera bark

were same but when chem activating gl nt 4 was mixed with ZnCl; for
Moringa oleifera bark ; the rfac ajeatv mcreased to 439.23 m?/g. The

ease%vs%.% m?/g. The micropore volume

microporous surfac €as Wel’

of Moringa olelf rk was 3/g a re diameter was 17.23 A resulting in a
highly micro ated carb deiz and H>SO4 play an important role in
porosny(dgr tzf:? sta@When ZnCl was introduced to the precursor
during the impregnati partial structure of Moringa oleifera bark was
dest . Cl> altered the onlzatlon behaviour of Moringa oleifera bark,

co rte the contained mln\n into soluble salts and established skeletal pore
‘%ve at the pre-carbonization period. Then, ZnCl, developed micropores
dantly and reduced the formation of graphitized carbon during the activation phase.
Ghowed the impact of ZnCl, and H2SO4 in the development of new pores and the

improvement of microporous structures in the carbon.
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Figure 4.2 shows a plotted graph for the pore size distributions of Moringa oleifera
bark and rice husk activated carbon due to have limiting budget, based on the :
As can be seen from this plot, singular sharp peaks were detected in the ran& to

40 Angstrom (A) (or 2 to 4 nm). : 0)
~

Y

0.025

" Moringa Oleifera
e Riice Husk

0.02: 1
3 ‘X
[or )
E0.015% | &
S0.015 5%
3 [ Vv
2 0.01 -
e -
o
o

0.005 |

o

[ e
0 200 400 600 800 1000 1200
Pore Width (A -Angstrom)

N LY &

Figure 4.2 Pore size distribution of rice husk and Moringa oleifera bark
\4 ] O
s

About 75 % MOre ad their di r within the mesopores range (pore

diameter rang GNQ— 0 A‘) [in%;@ifera bark and (10 -180 A) for rice husk.
iﬂ@e b

Hence, the d carbon r‘eser_;}o ous material. This suggests the prepared
activate W?uuy ry@sorptive to wastewater. In inert condition,
carbo '%could yield a Fﬁesoﬁw’e carbon of a very narrow pore size distribution.
Caéth narrow pore size&%ibutions Is stable in a structure that could increase

parameters such as BET surface area and Vo total micropore volume

p |
Q"%zewicz & Zielinski, 2011).
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4.4.1.4 Surface Morphology

Surface chemistry is a very important part of activated carbon for analysisYe
4.3 (a) and (b) shows the SEM micrographs of the Moringa oleifera bar N to
limiting budget of this research under 1000x and 30000x magnificati %before
adsorption and Figure 4.3 (c) and (d) are the micrographs of the activated carbon under
1000x and 30000x magnifications for after adsorption. Those microgfaphs presented
the morphological changes of the carbon materials during carborw and activation
processes. After carbonization was performed under inert con . Several irregular
ved h Figure 4.3 (a)

ion ri.?Mdysis. Pore

holes were advanced on the surfaces of the chars. It can b

and (b). This was due to the sudden burst of thermal ex

L
enlargement in the char was essential. It would raisethe surface area and por VQYJme

of the activated carbon after the activation proces mad &“AI ozi, OlO)Y:\

AN

Figure 4.3 SEM micrograph of Moringa Oleifera bark (a)-mag.-1000x and (b)-
mag.-30,000x before and (c)-mag.-1000x and (d)-mag.-30,000x) after activation.
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In Figure 4.3 (a), (b) for Moringa oleifera bark more heterogeneous and irregular
shape pore structures were observed. More pores were advanced and were ¢
each other. ZnCl, with sulphuric acid-impregnated sample shows a bet%

structure development. At this point, the porous structure has been S‘lﬂa

exterior pores serve as the main channels. It connects to the inner por e carbon.

ous

ere,

However, the structure has been partly destroyed. When the surface Toded during
u

Deng, 2013).
The introduction of ZnCl, enlarged the difference between rphology on the

the activation process. Here a similar observation was obtained b

surface of the char and of the activated carbon. The reactio en ZnCl, and carbon

took place due to the diffusion effect. The heat was into the.moleedles. It can
create more pores in the activated carbon (Tan et@l., 2008). (Okman et QI\S{O'.M)
observed spongy-like structures with many smaées in the pe’ seiéd')based
activated carbon which was impregnated with t can be ved.@ﬁgure 4.3

;? izés-attached o the surface
of the activated carbon. The white particl% eli the %utes of zinc salt
(from ZnCly). Even a similar finding VN rved by (

the activated carbon from banana This |ﬁﬂ' wt t@e traces of zinc salts

residues are present in the carbon matsix even tho ser@/vashing procedure with

(c) and (d) the presence of small white particles ofyariou

[7]
water applied A

spectrum for the five natural husk and bark-
ted carbonyTable 4.40>lists the wave numbers of the FTIR spectrum
in the carbon. It can b{@éerved that in the infrared spectrum for the prepared
M carbon, peaks were detected at 663, 665, 742, and 664 cm™ C-H (Ar) for rice

, coconut coir, corn cobs, and Moringa oleifera bark but the peak of C-H stretching

05 not detected for neem bark. There are some common functional groups in most of
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the given activated carbon such as OH stretching, CH stretching, C=C stretching and
C-O stretching.

The broad and intense peaks at 3350, 3382, 3376, and 3372 cm™ wer \nined
from rice husk, coconut coir, corn cobs, and Moringa oleifera bark, res %or OH
stretching. It was attributed to hydrogen bonding. The peaks at 1542; 1600, 1632
and 1432 cm™ were determined due to C=C stretching of aromati %c bands for
Oxygen functional group (C=0) was not detected in the pr tlvated carbon. The
intense peaks at 1076, 1095, 1000, 1026, and1123

stretching of alcohol or carboxylic acid for rice hus

rice husk, coconut coir, corn cobs, neem bark, and Moringa olq fera rk, respectively.

ere” obtai ed e to C-O
ut coir, ¢ abs,

tion capacity of n i bark
ilableghe! intghse pe@é‘:r C-H
ging.J0aded wwtha different
- d shi slightly. This
can be occurred due to bonds with métal and/functiona ps. CB% type of shifting

bark and Moringa oleifera bark, respectively. The
was not well for metal adsorption due to not having
stretching of aromatic ring and O-H stretching ?After

metal of activated carbon, the peaks for

relied on the concentration of metal hat w re c vated carbon according to

literature (Celekli & Bozkurt, O z%u e I 20 ’(\The surface quality of

the adsorbent is determined b ourler ransform Ir@d Spectroscopic analysis
as shown in Figures 4.4- 4 , -\A
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Flgure 4.4 FTIR spectra for before and after activation on rice husk

\

Table 4.6 C son FTI ons of raw rice husk before and after metal
t| at wave number (cm™).
A_‘ ASS|gnment \, Before activation After activation
stretching (3600- 3‘2805 3350 3380
H stretching (<900 for Ar) 663 694
Stretching (Aromatic) (1620-1400) 1544 1642
C-O stretching (1300-1080) 1076 1062
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Figure 4.5 FTIR spectra before and after activation on coconut coir

Tabl parl D(.)yT 'i) \posmons of raw coconut coir before and after

acﬂvatlu{Hn wave number (cm™)
.._\ Y
.- ™ . Bt - -
Assignment Before activation After activation
O-H stretching (3600-3200) 3382 3379
C-H stretching (<900 for Ar) 665 648
=C Stretching (Aromatic) (1620-1400) 1556 1638
C-O stretching (1300-1080) 1095 1050
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Figure 4.6 FTIR spectra before and after activation on corn cobs

N, \5760

Table 4.8 ea-j ison of F Pand positions of raw corn cobs before and after

activation i@uave number (cm‘l)
77"

After activation

Ny
:\)Asmgnmgq:[," \‘}" Before activation

E>

‘

stretching (3600-3200) 3376
H stretching (<900 fo Ar) -

retching (Aromatic) (1620-1400) 1600

C-O stretching (1300-1080) 1000
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Figure 4 7 FTIR spectra before and after activation on neem bark

Tabl%%mparfs posmons of raw neem bark before and after

act ion in wave number (cm™)
. \ AV

) *
Assignment \ Before activation After activation
stretching (>3000 for Aliphatic) 3002 3005
C-H stretching (<900 for Ar) - -
¥=C Stretching (Aromatic) (1620-1400) 1632 1581
\ C-O stretching (1300-1080) 1000 1020
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Figure 4.8  FTIR spectra before and after activation on Moringa oliefera bark

~» —
N §
!
Table 4.10 @so of FT band ;Stﬁbitions of raw Moringa oleifera bark before
Q' an a?r tiva@in wave number (cm™)
y » ,3\

| s ¢ % vat vat
WASSlgnm t \‘;{' Before activation After activation

stretching (3600-3200) 3371 3500

-H stretching (<900 for Ar) 664 648
stretching (Aromatic) (1620-1400) 1501 1432

‘é C-O stretching (1300-1080) 1126 1123

‘
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Table 4.11 Infrared assignment of functional groups on the prepared activated
carbon surface (Adapted from Ahmad et. al., 2013)

AV i
Characteristics Wave Activated Carbon \\
number
Length 4
Aliphatic Range Rice Coconut Corn Nee Moringa
Hydrocarbon Husk Coir Cobs Husk leifera
C-H 3100-2850 2914 No No 3183
c=C >3000 3010 3164 No 300 No
Cc=C 2260-2100 2260 2250 No w No
Aromatic HC
C-H (out of <900 663 665 7 664

Plane)

c=C 1620-1400 1544 1556 1% 1501
®
Combined 1900-1700 No No No No ~Ng~
bands ' _{'7
Oxygen 2 \?
functional Yv Y
groups \ T
Cc-O 1300-1080 1076 5 ‘3000 { 1126
37 2%7

O-H 3600-3200 3350

DER

“ &

4.4.1.6 Adsorption Isothermﬁ&h two bes vateA%érbon
N

Due to limiting bugt aa its characteri ics, t '%tivated carbon prepared at 700
I tivat

c
°C with impregnated by different ch ac 'wémg agents like ZnCl; for rice husk
and ZnCl; with for MPn\eleifenédrk were selected to undergone the
activation procegs. &

h o :l C—)(J
Figure% nstrates the sor@ isotherms of Moringa oleifera bark and rice
husk. T% ent sj»a es of the a@rption isotherm are a reflection of the different
pore s ibution in adsorbe@ﬁmples. It can be suggested that the isotherms of
ri nd Moringa oleifemark resembled a combination of types Il and | with
p:\nt hysteresis loops of type Ha, which occur in the region of 0.02 to 0.08 P/Po.
0' displays the higher degree of mesoporosity contained in both carbons (Mak et. al.,

09).
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Figure 4.9 Adsorption isotherm of rice husk and Moringa oleifera bark

Y 1g S
Both carbons showed a less steep m sotherm with a sharp.*knee” form at the
low relative pressure and a regular%ase in nhe%%g (N:b'adsorb at the higher

pressure. The regular increase i adsérb o fred @nd P/Po > 0.02, thus
presenting the heterogeneous\a'{ row\ﬁgﬁ‘e‘f small size mesoporosity
(Nakagawa et al., 2007). A ment increased th orbed amount of nitrogen for
Moringa oleifera bark CY;:n O;L to 0.1 b/PbBoth isotherms presented with a
steep adsorption atgyhl r \N{K essu%P/Po = 0 to 0.02) characteristic of
microporous stru s (Nakagawa etal., ZOQQ he hysteresis loop type H4 considered
the presence Nsop res

adsorption rice husk exhi 'tea tl@jlowest adsorption of the series in the low-
%’A eatfme

orosit

iCles. hnga oleifera bark exposed the higher

pressure cjd r t j@oved the quantity adsorbed at low relative
pressures. inga oleifera gark\/Wés adsorbed with almost more N than rice husk,
whi ates a higher surfa@?ea. The sloped-up plateau started at P/Po > 0.02. The
inx in N2 bind at the other pressures indicated the rise of micropore diameter and

0 lopment of mesoporosity (Nakagawa et al., 2007).
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4.5 Conclusion

The activated carbon of rice husk, coconut coir, corn cobs, neem bark, and V\Ta
oleifera bark were characterized by proximate analysis and FTIR but only b N ted
carbon were also characterized using SEM, BET and ultimate analysis ds; to a

limited budget. This research indicated that the use of ZnCl, with H.SOs as well

ving a

activating agent along with the pyrolysis under inert condition. It played a vital role in
producing natural husk or bark into well-advanced porosity\ﬂ)ated carbon. It
produced mostly microporous carbon with an average pore dTEr of 17.23 A nm.

nCIl and inorganic

However, the prepared activated carbon contained dep

constituents on the surface. Several cleaning processes applied t e some of

these deposits to develop porosity. The HCI treatrwhe prepared i,at; bon
managed to reduce the remaining minerals. For th son, it was/develope “s\ highly
porous carbon structure. Activated carbonﬂﬂin aw& arl&%‘gd rice husk
were shown the best adsorbents among thesgthe proche tivateétarbons in this
study. \c)

108



