CHAPTER 3

PREPARATION OF ACTIVATED CARBONS FRO Q%E
AGRICULTURAL WASTE PRODUCTS AND STU F

HEAVY METALS REMOVAL

3.1 Introduction Y‘

Commercial adsorbents generally are prepared fro , and pw are non-
renewable and highly cost. There are many adsorbents t@rcarry out adsorption

orption st 'S.IAQQQJ\IturaI

from wastewater suq-r as easy
e A

ess thAgrlcuIturaI

ts for'femoving heavy

process but low cost adsorbents are very important f

waste has many advantages to remove contamina
operation, good sorption activity, availability and cost

materials are rich in pectin and lignin whieh ood atlso
e alkal

metals. This type of adsorbents need i or acl

atm r the removal of
lignin before application for increasing their e \I'SQQXT '@Ln aim of this chapter
were to prepare activated carbo@ic%ﬂ%r du@(rice husk, coconut coir,
corn cobs, neem bark, and Maringa oleifera.bark)to det ne the best adsorbents out
of five activated carbon usi O%u a O%F{ce “}n heavy metals removal like
lead, nickel, copper, a ca%n froqud @s solution to characterize the

best adsorbents using SEM,BET a@ arﬁtﬁfj.

S
3.2 Material@etfdg
3.2.& ts \C.j

hemicals were analytical grade obtained from Merck, Germany. Standard

and stock solution of metals (lead, nickel, copper, and cadmium) were obtained
Qdissolving metal salts in deionized water. 1.342 g, 4.132 g, 9.333 g, and 2.771 g of
ead chloride (PbCl> >99%), nickel chloride (NiCl2.6H20~98%), copper sulphate
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(CuS04.5H20 >99%) and cadmium nitrate (Cd(NOz3)2.4H20~99%), respectively were
dissolved separately in 1 L volumetric flask of water to make 1000 mg/L of m t
solution as 1000 mg/L of stock solution. The working solutions were ined by
diluting the stock solutions. From the 1000 mg/L of stock solution, 1 m ‘ﬂ,*x mL,
5 mL, 10 mL and 15 mL of different salt separately mixed with 1000‘;@ water to

get 1 mg/L, 2 mg/L, 3 mg/L, 5 mg/L, 10 mg/L and 15 mg/L of workiTions. Other
Ci

chemicals are 0.5M hydrochloric acid (HCI ~70%), 0.5M sulphuri 2S04 >98%),
0.5M nitric acid (HNO3z ~70%), 1M sodium hydroxide (NaO sodium nitrate
(NaNOg buffer), (10%) zinc chloride ZnCl,, 1M phosph (HfPO4), and (2%)

sodium bicarbonate (NaHCO3). \d
“ay

é | _@
3.2.2 Preparation of the Adsorbents Y_ \" \j("
T
The five cost-effective agro adsorbents 0\df}> thi9Ttu ere n@ﬂusk, coconut

coir, corn cobs, neem bark, and Morir\gaya bar 6§
Rice husk (RH) adsorbent was ¢ d from \PmMm plE\\/lagura, Bangladesh.

First of all, the sample (100 g) driéd for.6hour er sun drying, RH was
washed with distilled water toﬁq e dust ang.i
the oven at 110 °C for 12 hauts™The rice h as @ted into smaller particle sizes
and sieved at 400-600 Eple wer theln t'Q'nically activated with 0.1 M zinc
g 0) fcfr(lf)(“nours then the sample was dried in

the oven at 110 °ﬁ{$ho J Thep'the sa@ was kept in the desiccator for further

use. The samp ﬁﬁce husk was.plaged @ furnace at 700 °C for 60 minutes. It was
;ai ’e

cooled at mperature eﬁ' quin the desiccator. This sample was washed
severallypwithydistill ater. The @ysis sample was soaked in 500 mL 0.5 M HCI
remove CaO gr r,@;e'rals for demineralization of the adsorbents. The

&

puriﬁ%’l’he samples were dried in

chloride (ZnCl2) solution soake

washed repeatedly\(&ﬂh distilled water for removing free acid. The washed
as dried in an oven at 110 °C for 24 hours. These were then sieved with a sieve

0-600 pm (Shahmoradi et al., 2015). The activated carbon sample was kept in a

Qypropylene bottle to avoid moisture. The yield of rice husk (AC) was 16.4%.
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Coconut coir was collected infront of Desa Jati, Nilai, Negeri Sembilan, Malaysia.
The sample (100 g) was sun dried for 6 hours. After sun drying, coconut cei
washed with 0.5 M sulphuric acid to avoid more water adsorption capaciw the
sample was dried in an oven at 110 °C for 12 hours. The coconut coir w. ‘qd into
smaller particle sizes. Coconut coir was washed and soaked with (2% dium bi-
carbonate (NaHCO3) for 18 hours and then filtered and washed wit i

remove NaHCOz. Then the sample was dried in the oven at 110,°C for 24 hours and
was kept in the desiccator for further use. The sample of coconYe’»

furnace at 700 °C for 60 minutes. It was cooled at norma aturf then put in the

desiccator. This sample was washed severally with disti ter. TWis sample
was soaked in 500 mL 0.5 M HCI for 1 hour to rem@ye CaO or minerals. TH’es\Sznple
was washed repeatedly with distilled water for re g freeacid. T a’shéé:?ample

was dried in an oven at 110 °C for 24 hours.

ere_thén-sievéd wit\h/‘gsieve of
200-500 um (Khan & Chaudhuri, 2011). Tl% : e\tsir (Ag&?ls 13.6%.
Corn cobs were collected from Gixcs@rmarket I ai, I@ysia. The sample
(100 g) was sun dried for 6 hourseAfter sun-dryi T sample was washed with
distilled water to remove dust an 's%tiea. gp e a's%ried in an oven at 110
°C for 12 hours. The corn co %ed d int s‘r’nal@ﬁarticle sizes. These were
then sieved with a sieve of S@

S
- W sample @hen doping using (10% v/v)
hour. Cor

c
phosphoric acid (200 mL) fo% neohs %
well as excess acid was dried with_ove 50 °G for 1 hour then carbonized by oven

with d,@(sr(ed water to remove excess acid then
chemically acti chlor@%nClz) (ratio 1:1) (Okafor et al., 2015) .

!
Corn cobs w%xd in a‘fur grat 86'U)°C for 60 minutes. It was cooled at normal

temperatu»%aput in the desiccato is sample was washed severally with distilled
E :

oaked with phosphoric acid as

at 280 °C for 6 h@n@ was Was
ted Wi i

i th 0.

water. olysis“sample Wvas ed in 500 mL 0.5 M HCI for 1 hour to remove

Can&nerals. The samples \w%e/washed repeatedly with distilled water for removing

f M. The washed sample was dried in an oven at 110 °C for 24 hours. It was crushed
ved at 300-600 um. The yield of corn cobs (AC) was 15.91%.

0 Neem bark was collected from Universiti Sains Islam Malaysia (USIM) campus

infront of USIM Alamiyyah. The sample (100 g) was sun dried for 6 hours. After sun
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drying, the sample was washed with distilled water to remove dust and impurities. The

sample was dried in the oven at 110 °C for 12 hours. The neem bark was redu
smaller particle sizes. The neem bark was carbonized by oven at 280 °C for GQ% nd

cooled in desiccator for 1 hour then chemically activated using zinc CE% AM)

and phosphoric acid (10% v/v H3PO4) in two separate beaker and bot ixed for
°C for 12

. It was cooled

producing paste then filtered. Then the sample was dried in the ove

hours. Then the sample was placed in the furnace at 800 °C for 60
at normal temperature for 3 hours then put in the desiccator. ple was washed
500 mL 0.5 M HCI
dre eaW distilled
water for removing free acid. The washed sample was,dried I an oven at 1 O“C‘\Y()T 24
hours. These were then sieved with a sieve of 400&: (Kennet al.’ . The

, 201
yield of neem bark (AC) was 19.69%. Y’ 4 \/Y'

severally with distilled water. The pyrolysis sample was s
for 1 hour to remove CaO or minerals. The sample wa:

\ <
Moringa oleifera bark was collected Mtsideﬁpf M caﬂajs in front of

Acacia Avenue. The sample (100 g) sun/dried for rs. é@r sun drying, the
sample was washed with distilled water to remo \dug d Q:ties. The sample was

dried in the oven at 110 °C for 1%u Thg rin lei ark was reduced into
St

smaller particle sizes. The sam\ en ehemic Ifact{@'ed using the 500 mL 0.1M
zinc chloride (ZnCl2) and sulfuricacid (O ith aée‘.@ of 1:5 for 6 hours. Then the
enat 11 h

sample was dried in th 0 °Cfor ¥2 ho en the sample was kept in the

v
desiccator for further use (S;ni A% :@;7). The sample of Moringa oleifera
i C fo m

bark was placed & rnacel inutes and it was cooled at normal
temperature th ut®in th i

p
" Ny I O
distilled watecj the samp S dFrEli in the oven at 110 °C for 12 hours. The

pyrolysis was spake 50 0.5 M HCI for 1 hour to remove CaO or
miner %samplg wiashed.tepeatedly with distilled water for removing free
q£ hs

washed sample was d(%d in an oven at 110 °C for 24 hours. These were then

N
Si Mith a sieve of 200-400 um. The activated carbon was kept in a polypropylene

or a <<rﬁis sample was washed severally with

aci

. Then activated carbon was used for next process as an adsorbent in the adsorption

dcess. The yield of Moringa oleifera (AC) was 14.76%.
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Figure 3.1 Raw materials of rice husk, coconut coir, corn cobs, neem bark,
and Moringa oleifera bark

-

-
S

3.2.3 Instru C—)
The a i iong b oree&d after adsorption were obtained using Atomic
Absorp ctrop‘ﬁ -240 FS AA, Agilent Technologies, USA).

Functional groups on surface o orbents were determined using Fourier-Transform
I MSpectroscopy (Perkln\fmer FTIR Model 1600, Perkins Elmer Inc., Greenville,
A). Micro porosity of outer surface of adsorbents and pore size were obtained

ing Scanning Electron Microscope (SEM-Hithachi SU 6600, Hitachi Scientific
struments, Tokyo, Japan) and Brunauer-Emmett-Teller (BET: BELSORP-MINI,
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Micromeritics Instrument Corp., Chiba, Japan). Water distillatory (2108, GLF,
Germany), pH meter (3510, Genway), Shaker (UK), centrifuge, (Mikro 220R, ich,
UK.) UV/Vis. Spectrophotometer (Cany 50 conc. Varian, Agilent Technolo )?S)
analytical balance (CP 2245, Sartorius, USA.), Sieve (B.S.S.410/4 Q)gists
Syndicate Limited), Oven (Nabertherm B180, Germany), Furnace (Linrﬂﬂi@o Therm,

Germany) are used during the studies.

-4

3.2.4 Batch Studies of Adsorption of Heavy Metals on z

S

Stock solutions of 1000 mg Pb/L (using PbCl>), 100 Ni/ (wglz ), 1000
mg Cu/L (using CuSOs) and 1000 mg Cd/L (usi d (NOg)2) were pr din
deionized water. Adsorption kinetics and equili |sotr?r S were s @ from
batch techniques. Batch experiments were carr 250\ rlen r flasks at

(25£1) °C and 200 rate per minute. Awelghw nt (9'\025
to 100 mL of metal solutions of vary %ntratlo

and 15 mg/L each time and shaken E ntln S

of ads&}nt was added
ing @Qﬁg 1,2,3,5,10,
to.attain equilibrium due
to shown straight plot after 2 ho , 20, 30, 40, 60, 120,
and 180 minutes the samples %thdrepwn atrjlﬂerzﬁjgfme The solutions were
centrifuged, and the concentrati ere (@rmmed by AAS method. The
uptake of metal ions Iculatqe e d@ce in their initial and final
concentrations. Effect% 8), contac im 4(1/ 180 min), initial concentration of
metal ions (1- 15 and adfo g&o.% g) on the uptake of metal ions
from 100 mL soI t fw atef'were ied and the optimum values were used
in the experl nt e pH was c r}tbll(c&@ for heavy metals solution to get the best
adsorptmf& for p me@ he effect of pH of the solution were adjusted
rangingdro by 0. I an aOH) solutions with sodium nitrate (NaNO3z) 0.5

%s ution. All metals oval processes from the aqueous solution were
conducted using the best para\eter at pH (6), initial concentration (5 mg/L), ambient

/g

uctu ena t

ure (25+ 1 °C) and 0.025 g dosage of activated carbon due to get a good result
& graph. According to equation 3.1, the amount of adsorbate adsorbed on the
sorbent at any time, gt (mg/g) was calculated and the percent removal of adsorbate
was evaluated as expressed in equation 3.2 (Tan et al., 2009).
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_ (Co—Ct)V

(3.1) qt =

Where Co and Ce (mg/L) were the concentrations of solution at ini a; at
equilibrium time, respectively. Moreover, V was the volume of the soluti ‘@s well
as W was the mass of activated carbon (g). &

(3.2) % Removal = %{

e

3.2.5 Influence of Initial Concentration '

I . i @ .

The effects of initial heavy metals concentratiofizwere studied o hi adsarption
capacity and percent removal. Approximately, 1 of metals/sol fions with known
' Iead,&kel were

prepared in a series of 1000 mL volumetrig,flas of adsokbent that was

added into each flask containing the adso .025 ¢.,The mouth of the

flasks were sealed with parafilm. Aﬂeme fl é?j in an isothermal

water bath shaker at constant tem % (251&\%3 ofation speed of 200 rpm,
QHEPE? @

until equilibrium point was rea ¥

3.2.6 Influence of Co i;e : 0
4 ¢ &
The effect of c& ime 0|' th rptio@’ﬁeavy metals onto produced different
i /

activated carbon, Wereésstudi i 10, 2590 40, 60, 80, 120 and 180 minutes. The
initial conce \ ( r:%nj'fo&')netal mixtures (lead. nickel, copper and
cadmium) epared and'then w; dded with 0.025 g of the activated carbon in
flasks. opening GfV]p‘sks sealed with parafilm and the flasks were then
pIachan isothermal Water@&h shaker with rotation speed of 200 rpm at room
t ature (25 £ 1 °C).

S

initial concentration (1, 2. 3,5, 10, and 15 mg/L pe



3.2.7 Influence of Adsorbent Dosage

The effect of adsorbent dosage was studied on the adsorption capacitw'g
different dose of adsorbent, ranged from 0.0005 g to 0.05 g. The amount N ent
%.001 g
and 0.025 g and 0.05 g respectively. The best adsorbent dose was 0.025 g forall heavy

that was added into each flask containing the adsorbates was fixed at 0.0

metals removal of 100 mL solution from spiked water. The opening offthe flasks were

sealed with parafilm and the flasks were then placed in an isother ter bath shaker

at constant temperature (25+ 1°C), with rotation speed of, 20 , until equilibrium

point was reached. In this case, the solution pH was ke iginal 'Nithout any pH
adjustment. )
| S
<
&
apa iy{sing different

3.2.8 Influence of pH

The effect of solution pH was studi
initial pH of the solutions, ranged from
hydroxide (0.1 M) was used to adju

5 mg/L for each flask and was

temperature was at (25 1) °C\
“ <&

3.2.9 Equilibrium ies l %
:&* N

The nature N&ads I’p"[lO I]ena%@s determined by the equilibrium studies.
glﬁ,i ef

G' todefine the adsorption capacity of the adsorbents.

Adsorption um also e

For thiﬁnt,fﬁal Ic @entration was taken 1, 2, 3, 5, 10, 15 mg/L
separatel 00 mL s tio?: miQ/'RBest dosage 0.025 g adsorbent. Each sample flask
Wa%d at200 rpmina shai%é?. Time was recorded from 10 minutes to 180 minutes.

were taken from the shaker at definite time intervals. After filtration then

A3

sorption Spectroscopy.

0‘% solution was analysed to determine the final residual concentration by Atomic
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3.2.10 Kinetic Studies

The Kkinetics of adsorption of heavy metals describes the rate of adsorbate up?m
activated carbon. It controls the equilibrium time. The pseudo-first-order, do-
second-order kinetic models were applied to study the kinetics of Se a

process. The intraparticle diffusion model was further tested to detéfmine the

rption

diffusion mechanism of the adsorption system which all model equation (2.10-2.16)
were discussed in chapter (2). For the kinetic studies based oertion of heavy
aken in a 250 mL
r2 rburs at a shaker
etal sW&loo mL)

were taken out at specific time intervals ranging 0, 20, 40; 80 a 120 @;’Eﬁes.
@‘ metals

metals, a fixed mass (0.025 g/100 mL) of activated cagbon
flask for 100 mL solution. This experiment was condu

agitated at 200 rpm using a flask. After adsorption

Then the solution was evaluated for remai concentration” of he

P 4
following equation 3.1. Y~ \ NV
?‘?
\\/ d &
on ? O
3.2.11 Desorption Studies \ i
ler &

The batch desorption process cadug Ina @ing varieties of solvents.

. ) n q .
Desorption techniques are a V, ort%ﬁo crﬁé}{he importance of reuse of
S died f

the adsorbents. Several s er or desorption process such as
ric acid (H2804),.ahd sodium carbonate (Na2COs) of
be né@tion (0.1M) of solvents for metal

ich w
loaded activated e&}ﬁo@ ricehus oconut.@tr, corn cobs, neem bark, and Moringa
roc id

oleifera bark. ric mo d solvents to desorb contaminants from

adsorbent (Be "2 Of. rSep &Dng the 5 mg/L metal-loaded adsorbents, 100
mL solve drochlori sulpfiuric acid, and sodium carbonate were mixed
separa i (0.0ZE efal-1 d adsorbents where HCI was the best desorbent
sol d then the mixture &;ﬁaking in the shaker at 200 rpm. After the desorption

Mhen solutions were taken out and evaluated for the release metal concentration.

usability of activated carbon was investigated through cycled adsorption/
Qorption runs using only hydrochloric acid desorbent in heavy metal solutions (Co =
mg L, pH = 6) performed at room temperature with S/L = 0.025 g/100 mL. After

50



completing every adsorption process, the activated carbon was separated from the
solution by filtration and washed with distilled water. It was then dispersed in a?@t

0.1 M HCI. It was then washed with distilled water several times and dried.

The desorption efficiency of adsorbents was evaluated from a relatim%( .3) (Liu

etal., 2018): Y'

(3.3) Desorption (%) = 2% 100\,

"y
When, gqis the quantity of the metal ions (mg/g) desorbed f ea s‘rbents. Another
side, ge is the quantity of metal ion (mg/g) adsorbed ont ads@rbe e Va‘lilf of

qd (mg/g) is evaluated from equation (3.4): ? J ' _\Q}
4 b
3.4 S
G A
e

Where, Cq is the concentration of @Gn ( o)L) aining In solution after
desorption. Furthermore, Vg is the total e wt oluti@s well as W is the
mass (g) of the metal loaded activat%bon.>y 5\

S
N ,}} Ly
boy) &

The point of zero chargef(pH i mfﬁefjant factor to determine the nature of

the adsorbents. T mrfa@ of ad nts in the solution can be determined

iintai@ by using 0.IN HCI and 0.IN NaOH

using pHpzc. w cess
solutions. Th%erlmirts w b’arr&/ ut by using solid to liquid of 1:1000 to

}%c. I?ruyle g @s process, 0.1 mg of activated carbon was taken

and a ith 100 mLI@fstiffed vueier. The pH of the solution was adjusted from 2 to
12 ing HCI and NaOI—\SQﬁtions due to find out the point of zero charge and
S ~awvith a shaker for 24 hours. Then final pH of the solution was taken out and it

otted against the initial pH of the solution to determine the point of zero charge
Oadsorbents (El-Sayed et al., 2014).

3.2.12 The Point of Z CRrge (pH

measure




3.3 Results and Discussion

For determining the effects of the functional parameters such as (1)?!!
concentration, (2) equilibrium time, (3) adsorbent dose, (4) pH of the

adsorption process, the experiments were conducted. The batch absorp % niques
were evaluated due to the uptake of the heavy metals by the activated carbon of rice
husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bar Y'

Y'

3.3.1 Influence of Initial Concentration .\4
Figure 3.2 shows the effect of initial concentratign on the adsorpti Jp@ of

different metals onto the activated carbon at librium, ge reh.[ initial
concentrations (1, 2, 3, 5, 10 and 15 mg/L). Th as.shé\ nlfn;;gjz~ t increase
as initial concentration increased. The eq 'Iimd \capac' Lo rice husk,
coconut coir, corn cobs, neem bark, a Inga..0 bar %copper were

increased from (3.98, 3.98, 3.98. 1. 43N mg/g) to&9.84, 1@5, 13.19, 7.49 and

20.09 mg/g) as the metal’s initial ¢ ration W(_eg i ge ,o‘q\ﬁbm 1to 5 mg/L while
for cadmium were (4.22, 2.57, 4.3 m to (1 \11.05, 14.16, 8.46, and

11.42 mg/qg), respectively. T tal con on s&% as the driving force for
higher mass transfer in or eve p the,relatiorisiiip between adsorbate and the
adsorbent (Ahmad & Iar r‘um@f of vacant sites were available
during the initial st e of Sor. e mg@é of the initial concentration of all
metals had i mcre g force be metal molecules and activated carbon
(Ahmad & AIr 01 ) |

:‘0('}

,bj,g

N
\C-j

&
N
S
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Figure 3.2 Influence of initial concentration on the adsorption capacity of (a)
lead, (b) nickel, (c) copper, and (d) cadmium for rice husk, coconut coir, corn

cobs, neem bark, and Moringa oleifera bark

4 NS A4
The grap \ho n tha }Jw&gﬁtial concentrations (1 and 5 mg/L), the
ity of ce}coc&uﬂt coir, corn cobs, neem bark, and Moringa
equibfb/w} e

@4.08 and 21.05 mg/qg for lead, respectively (or
oval for all) while V\@e 4.08, 4.08, 4.08, 4.08, and 4.08 mg/g) and (18.96,
1 $K17.14, 18.12, and 16.&“mg/g) for nickel. At 10 mg/L and 15 mg/L initial
tration, equilibrium adsorption capacity of rice husk, coconut coir, corn cobs,

& bark, and Moringa oleifera bark for lead were (27.95, 24.68, 33.74, 34.6, and
.11 mg/g) and (46.51, 43.08, 53.73, 51.57, and 47.16 mg/qg), respectively while were

(25.26. 25.08, 19.43, 20.86, 26.27 mg/g) and (26.62, 26.52, 26.17, 26.62, and 26.79
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mg/g) for nickel, respectively. At this stage, the difference between their pore size and
surface area affect significantly the adsorption capacity of five activated carb

higher mass transfer for five activated carbon was due to the increased in driving

force which was the initial concentration of heavy metals (Ahmad & Alrs% ).

3.3.2 Influence of Contact Time \[

The adsorption experiments were necessary to define contact time required to

tal*upt k! wasvery good
ilib uMbeanain
r 60 @tes it
reached an equilibrium state where all metals coul be eliminate fromvane system

more for all activated carbon (Azouaou et al., ¥O). \amig quili r?\m’ state was

that point where the amount of adsorbed Mns i nts and,desorbed from
ri:a time wa

the adsorbents were the same. The eq&
needed to obtain the equilibriumgstate. m

m
considered by the quantity of metahi nand‘e utligrium @%ne

s

reach the equilibrium position. Firstly, the percentage
but after some time decreased due to not reaching, the

increased steadily with the end time as shown in Fi 3(a)-(d).

sid hrough the time
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Figure 3.3 Influence of contact time

v A&

of (a) lead, (b) nickel, (c) copper, and (d)

cadmium for rice husk, coconut coir, corn cobs, neem bark, and Moringa

olei

fera bark
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Figure 3.4 Adsorption capacity in 5 mg/L of (a) lead, (b) nickel, (c) copper,
and (d) cadmium for rice husk, coconut coir, corn cobs, neem bark, and
Moringa oleifera bark

2/ 4\
mil ure 3.3, lead was@solutely removed from aqueous solution within 10
s to till 180 minutes forhe husk, coconut coir, corn cobs, and Moringa oleifera
t lead was removed 99 % within 10 minutes for neem bark and after sometimes,
s removed 100 %. For this reason, only two graphs were shown in Figure 3.4(a).
here is no significant change in the percentage lead removal after 10 minutes for all
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adsorbents due to filling up all pore of adsorption sites quickly. From this study
observed that the quantity of adsorption of lead (21.05 mg/g) was higher th

metals (nickel, copper, cadmium). This is due to increases of adsorpti by, ion
exchange with increasing ion radius. Here the ion radius of Pb?* is hlg Cu2+,
Cd*, and Ni?**. Moreover, lead can easily form complexes with o unctional
groups of adsorbents. Even, lead (Pb?*) can be adsorbed by the pi lectrons of
adsorbent surface (Alfarra et al.,, 2004 & Badruddoza et al.; ! The removal

percentage of metal ions from aqueous solutions were differe the nature of the

ions in solution, ions with smaller sizes have been know e eav'ly hydrated and

become larger than the less hydrated with larger sizes! les hWetals can
be more attracted to the active adsorption sites of activated carban ra H’arQ@Tger
hydrated ions (Jimoh et al., 2011). é ’
4
\jr
thos foopper (1,

y adsBkbents was good
oIm@“bark but after 10
minutes occurred some desorptlo f nickel aT' Ahen uptake metal ion

0

adsorption increases with time u 1 urhl S \7@' that increased contact
time corresponds to increased %ntage remova |C|e(@' irrespective of cadmium,
and nickel. There was no |f| nt Mt Ivaemoval after 10 minutes for
three adsorbents. Ther optimum contact @vas 10 minutes. This indicates
that adsorption active hre S tué o't ge competition among the selected

heavy metals such , n| r an mium.

However, the adsorptive amount of lead (II)Qas highe

cadmium (I1), and nickel (I1). The adsorpti Me metal i
coiD

within 10 minutes for rice husk, coc

3

Then, furt r| s inscon (}llm not significantly remove metals removal
due to the ce of bi ki &ws mechanism. The rapid phase which was an
mstant ccuﬂ 'bln 1 nutes due to availability of binding sites of the
adsorb ggesting that exte an. diffusion phase as fast phase. The slower removal
of y etals from aqueou\olutlon using adsorbents accounted for the internal

‘%on at second phase and at contact time of 120 minutes, equilibrium was attained
ickel and cadmium as shown in Figures 3.4(b) and 3.4(d) respectively. At this

Gge there was the highest uptake capacity of the heavy metal ions due to saturation of

adsorption sites. After passing the equilibrium time, the removal rate became constant.
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The biphasic adsorption mechanism involves external and internal diffusion processes
of activated carbon (Wu et al., 2010). On the other hand, the removal perce f

copper was good steady from 10 minutes to till equilibrium state for rice hu 0 nut

coir, and Moringa oleifera bark but the removal percentage of cadmiu eI and
copper was increased for corn cobs and neem bark with increasing ¢ ime to till
equilibrium state at 120 minutes. It may be described according to i tomic radii

of these metals. The smaller ionic radius of metals would diffuseyfasteronto the pores

of the activated carbon than larger metals (Horsfall et al., 200

The order of removal of heavy metals irrespective IS resea ctl are as follows:

lead > copper > nickel > cadmium. It can also be possible thatthe heavi
blocked the small size ions from reaching the adsor active Site
smaller ionic radii of metals are shown to lowersthe remeval e ICIGI‘]GY“Of ions.

Therefore, lead was absolutely removed faster aqu N tion @thers. The

adsorption capacities of each activated C%Ns di

did not follow a specific trend. The d that t ov@oficiency of the

r variéties of metal and

metals was agricultural-adsorbent s c |t| systems, binding of different
metal ions on biomaterials h g eran I g‘r_;aups depends on ionic
properties such as electronegati Ionic wadius, na r potentlal of these metals
(Naja et al., 2010). Sulay (2

greater adsorption effl omlc rldlus lead’~cadmium, copper and nickel were

1.75, 1.54, 1.28, and 1.24 #Seme researchers (Bohli et al., 2013)
reported that the o on 0f|me avmg,é/rge ionic radius was higher than for

ik arge ionic radius resulted in

those with a smaller i0hic ra e bent for all metals was Moringa oleifera
bark with the b $c up l\‘rml) > Cd (I1). The structure of the hydrated
lead (11) i ong affe e one pair electron, giving complexes with low

sym effecfrv sOf the-atlsorption process depends also on the size of ions
m&eous phase; the hyd fﬂ@i’radlus of Pb (I1) (0.401 nm) is higher as compared
t Mnlc radius of Pb (1) (0 112 nm) (Kadirvelu et al., 2008). Therefore Pb (11) ions

int

ore accessibility to the surface and pores during the adsorption from the

Outions. Bohli et al. (2013) noted that the important uptake of lead, even at low pH,
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may be related to a higher affinity of the surface functional groups of carbons for this
metal ions compared to the affinity towards copper and nickel.

For the first 10 minutes, the ¢, for lead, nickel, copper, and cadmium Weeﬁ\ih/here
it was reached (21.05, 13.67, 20.45, and 19.65) mg/g respectively of V\ma leifera
bark, (21.05, 15.75, 20.45, and 19.59) mg/g respectively of rice h 1.05, 13.64,
20.45, 19.20) mg/g respectively of coconut coir, (21.05, 6.39, .1%1.26) mg/g
respectively of corn cobs and (18.44, 5.48, 0.98, and 8.03) m%e. ctively of neem

bark. After 1 hour metal adsorption became almost cons time, indicating a

at¥ast
slower adsorption process. At equilibrium time, t orptio ;!Iot ere more
horizontal and the value of g:were (18.96, 16.82, 16.92) for ni kel,(Mg& %9_,09)

for copper, (11.57, 11.05, 11.42) mg/g for cadmi@hg the activa c:’rt@f rice
res

husk, coconut coir and Moringa oleifera bark tively,sOn t otherszhand, the

N ecame?\dﬁstant like

(17.14, 13.19, 14.16) mg/g using corn ¢ MlS.lZ\?A .46)‘Ha&g\/g using neem
ta :

bark for nickel, copper and cadmiumw ibrium™time. But lead (Pb)
was absolutely adsorbed like 21.05 mg/g fro \bhe\z ial stage to the end of the
experiments using all activated carban. m inding rate-af adsorbents were more

predominant during the initia&es due o available I(@'number of surface sites.
After some time, it decreas en mes,stead “%er 120 minutes to the end of

n a
the experiment due to ghe réence of';epu ion @:n the solute molecules of the
bs %ﬂf f

solid and bulk phases cause om@ or the,remaining surface sites to be filled

O

(Ahmad & Rahma ,N). ! %
& &
When thec%q'm as%’}tbd u&h’ the active site of adsorbents then it was
[ I

involved % etal’ co ati%_,During the initial stages, the adsorption of
polluta as‘involve ?funcﬁaﬁal groups available on the surface of adsorbents.

Then t% second factor was in@ by the occupying of porous structures which was
ide

pr om the surface area Of activated carbon. It can be indicated that the ratio of

adsorption of the metal ions were increased tillNd hou

=

ilable surface area to the initial number of adsorbate molecules was higher at

&ir concentration (Rao & Rao, 2006).
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3.3.3 Influence of Adsorbent Dose

The dosage of activated carbon was an important factor in the adsorption pr

adsorb heavy metals from spiked aqueous solution as shown in Figure M:(d).
ous})

Increasing the adsorbent dosage, the uptake of heavy metals from an aq

lution

also increased. It was reached an equilibrium position above 0.025 g/100 solution.

The uptake of metal ions improved in the adsorption process with a growing quantity
of adsorbents (Azouaou et al., 2010). It can be occurred due to hwore active sites

of activated carbon due to adsorption.
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Figure 3.5 Influence of adsorbent dose in 5 mg/L of (a) lead, (b) nickel, (c)
copper, and (d) cadmium for rice husk, coconut coir, corn cobs, neem bark,
and Moringa oleifera bark
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We can be observed that further increasing the dose but metal-binding quantity was
not increased significantly. It can be happened due to reaching an equilibrium f
both bound to the activated carbon and unadsorbed contaminant in solution.\

O

The pH of the solution is a vital factor of the surface chemis adsorbent and

'strmrepared activated
ro‘ehar elJH(pzc). Figure
inte eWQese plots

was considered to be the pH(pzc) which followed the functign. Th p,-l(pg@g)? all

3.3.4 Influence of pH

adsorbate for the adsorption process. The surface che

carbon has been considered by determining their point of

3.6 shows the plot of the initial pH against the final pH.

activated carbon was found to be around (4.1-5.4 as rics,h sk

(4.1), corn cobs (5.0), neem bark (5.3) and MoT\elfe
the pH of a solution is changed, the dissoctatio fthE\

carbon also can be changed. That’s W@sorptio
200

changed (Nomanbhay & Palanisamy

Ly

1), ut coir

4) respectively. If

ional g@p of activated
ity aswsorbents may be

V

14

== Coconut Coir

j i ’_/ ” i Gorn Gobs
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\ Figure 3.6 The final pH against initial pH plots for rice husk, coconut
Q coir, corn cobs, neem bark, and Moringa oleifera bark



The pH of the solution has two effects: 1) on activated carbon, relied on pH(pzc)
value of activated carbon will have a negative or positive charge and 2) on the n f
metal ion in the solution, whether it exist as a cationic (+) or anionic (-) stat m

a\s. At
pH (pzc),
the adsorbent surface will be negatively charged. Adsorption of acti rbon relied

pH. When the surface charge density is zero, it is called pH(pzc) of the
a pH < pH(pzc), the adsorbent surface will be positively charged and at ﬂk

on the nature of the metal ions (positive or negative) at differentH values.

N
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Figure 3.7 Influence of pH plots in 5 mg/L of (a) lead, (b) nickel, (c) copper,
and (d) cadmium for rice husk, coconut coir, corn cobs, neem bark, and
Moringa oleifera bark
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The adsorption percentage of all heavy metals by all activated carbon (rice husk,
coconut coir, corn cobs, neem bark, Moringa oleifera bark) were increas i
increasing pH from 2 to 6 then dropped. The optimum pH value for lead, nickel,.copper,

and cadmium was at pH 6. At lower pH, the adsorption capacity was un§a®e for

all metal solutions by all activated carbon. At low pH value, the ads resented
more positively charged surface sites available but a small num negatively
charged sites (Hamdaoui, 2006). At higher pH, heavy metaI@:rmed more
positively charged which was more attracted to the negativ ged sites. If any
adsorbents contain more positively charged, they cannot be Yj

fo[ adsorption due

s (HY) W with the

cation of the contaminants for the adsorption activegites via electrostati inl’e@ﬁt’ons

(Pua et al., 2013). The outer sites on the surfaceéated carbomfep esén(?active

called” ical é“ﬁ;orptions

(chemisorptions). There were some oxygen functional in thif;fﬁtion, either
a

acidic or basic. Such acidic groups were @ﬁ , lactone, rox carbonyl and
the basic groups were chromene type an e type (Rakic et al‘@)lS). As discussed

in the next chapter, most of the activated carboh ?C ){)\tygen functionalities,
which was very polar as it is a t&ow acceptor (th@boxyl).
A & |
If the pH value was Iovx* :Ee ter ace of ads ts was gathered with many
positive charges, which”provided a griter tic @g force. If pH increased, the

static repulsion forces reduced and’ o €tal adsorption improved. With the

increasing pH va@gconcejntra- n of HZ36n in solution decreases, the negative
surface charge w%a nin the @Jﬁ?’ated carbon above the pH(pzc) value of
(4.1-5.4). Forlthisyréason, t6 a

to repulsion (Hamdaoui, 2006). The presence of extr

sites for oxygen functional groups whi

! _ _ .
cymefancatlons mostly in positive form M?* (Pb?*,

Ni2*, CUZ+Q¥+-) and its simply’can asgorb onto adsorbents. The metal (I1) uptake on
activat n ma)f'b o/desckibed by ion exchange process. The major functional
gro adsorbents were the K&@éxyl, hydroxyl, methoxy group which can participate

i:Non exchange process. The adsorbents were shown below this type of ion-
a

0 ge mechanism where H" ion from the carboxylic group of activated carbon

ce were replaced by metal ions for removal of metal ions from aqueous solution.

2-COOH + M?*=-((COO-)2-M?*) + 2H*
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If pH is above 6, the decrease in metal adsorption can be occurred for three factors
(Abdel-ghani & El-chaghaby, 2014). First, with increasing the pH value, the negati
charged adsorbent surface also increased. However, at the same time metal W% ed
from a molecular state to an ionic state. That was significant for the r force
between metal ions and the activated carbon. Second, the presence of ion force
Third, the
t blocked the
chaghaby, 2007).

rba‘e. So, the pH is

)' V
@
| | X
M?2* can form several hydrolysis products, which nder differ cbn&ﬁ—@ s.In
dilute aqueous solutions of pH < 6, lead ions exist as'"N4?* or Ph(OH)+ or botQ-,-whereas
ich Qﬂ{ lead to its
rried"®ut at pH 6. The

ida considering the

between the metal ions which were adsorbed by the activated c

negative charges on the activated carbon’s surface were repulsi
disaggregation of metal ions and metal adsorption (Abdel-Ghani
The pH has effects on the surface charge of the adsorbent
a vital controlling factor in this method (Azouaou et al¥

the formation of M?* hydrolysis products occur'at pH

polymerisation. Due to this reason all th@}ﬁﬁnentsﬂver
Ctt

variation in the removal of lead with r H can be

nature of the physicochemical interaetion of th ies’in o,I\uLLon and the functional
groups present on the surface of Serbent. A& er (pl—[f}):Z.O), dissociation of the
acidic functional groups like carbexylic aeids (p a‘\"/all@fS to 5) on the surface of

adsorbent does not occur. n pH in es >p

groups deprotonate andhegative chargjon t qu@t increases. Hence at lower pH
(pH <2), the overall s(l%:harg{ a!'gz rbon is less negative compared to
surface charge on Mnts @r pH, \ﬁﬂreduces the attraction of positively
charged metal ¢ &War . efor ‘&ﬁ’ increase of pH from 2.0 to 6.0 increased
the biosorpti ‘Sad i n%gt\wer‘ﬂ)crease of pH (pH > 6) biosorption of lead
decreased e hydrolysis jof | ons as already observed in other biosorbents
contai %Woxyliér a@)(kedd al., 2010).

R\

"
2

search was conductedvat pH ranging from 2 to 8. The maximum elimination

‘%/eness for lead (I1) (100%) and copper (I1) (~90%) uptake with five activated
a

n were achieved at pH 6, nickel (1I) and cadmium (Il) also were good removal

&iciency. The percentage removal improved quickly and became consistent between
100% and 90%. At pH < 5, the binding effectiveness was found to decline.
64
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At pH > pH(pzc) for adsorbents, the surface of the adsorbents was negatively
charged. At a pH > 5, M (I1) in solution have cationic species, M?* which was
fascinated to the oppositely charged adsorbent. It can be explained that th& val

efficacy of all activated carbon was shown to be good. On the other hand acqt value
lower than their pH(pzc), the adsorbent surface was positively chafgkt can be
happened electrostatic repulsion between the metal cation (M?*). That it can bring

79

lower adsorption. At pH 6, lead can be successfully removed4from

solution. Y.

iked aqueous

At pH 2, the metal adsorption was lower due to hi entrati n'of H*ions. This
H* ions competed with metal ions for the binding sites, hindeging the ads on of.Cd?*,
Pb?*, Ni?* and Cu?* ions by activated carbon. J _\‘-}

e

3.3.5 Adsorption Isotherms C}) W Qé

An adsorption isotherm was charmd the ce properties and affinity
constant value of the adsorbent. %be d&v S (distribution of a solute
between the solution and a% surfaces. Pltum e conducted by some
mathematical equation. There a me i models in the Figures 3.8-3.10 like

the Langmuir and Freupdlichy@nd Dubinin- dlleh e&\h models. From the model, all
constant values with Ii%ressiog, f i;n&(/ were shown in Table 3.1. From
the values of R?in t ble, the| chmo as fitted very well to the absorption
of all data. Lang&er ed m& of the metal ions were designed on
activated car \he higher va (i,bf s described as the attraction of activated

carbon to rb-pollutants. Iov@alues of b were 4.42, 1.68, 0.943, 1.66, and
0.359 ofénigkeMfor rige f

bark reiec ely as shown in F&g;&- 3.8(a).

N
\Qvalue of b were 162.87, 159.74, 10.31, 2.37, and 162.07 of copper for rice husk,
%n

oconwt coir, corn cobs, neem bark, and Moringa oleifera

ut coir, corn cobs, neem bark, and Moringa oleifera bark respectively which were

OII fitted for rice husk, coconut coir, and Moringa oleifera bark as shown in Figure
3.8(c). The values of b were 2.55, 0.109, 3.69, 0.206, and 0.73 of cadmium for rice husk,
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coconut coir, corn cobs, neem bark, and Moringa oleifera bark respectively as shown

in Figure 3.8(b). So, Langmuir isotherm was not well fitted with all data. The

be considered as the total number of active sites of adsorbents for binding.

W

considered as the number of active sites which were filled up with poIIutS e flnal

concentration Cs.
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Figure 3.8 Langmuir plot for (a) nickel, (b) cadmium, and (c) copper adsorption
of rice husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark



From the Table 3.1 data, the affinity order of rice husk, coconut coir and neem bark

was the same as lead (Pb) > copper (Cu) > nickel (Ni) > cadmium (Cd). On t
hand, the affinity order of corn cobs and Moringa oleifera bark was the sam d

&
g

Note: Five data sets were plotted in one graph for copper, so rice %oconut coir
d'nee

>

copper > cadmium > nickel.

and Moringa oleifera bark plot are shown in one graph. Corn cobs an

S
N
N
| &
\/Y‘

é‘?

<<

m bark plots

were shown in another graph.
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\Figure 3.9 Freundlich plot for (a) nickel, (b) copper, and (¢c) cadmium adsorption of rice husk,

coconut coir, corn cobs, neem bark, and Moringa oleifera bark
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Note: Lead was removed 100% from aqueous solution using all activated carbon.
For this reason, Langmuir and Freundlich isotherm plots can not be plotted for lead.

N3

From the plot of log g against log Cr were obtained the constant A(nd’?/n. The
Freundlich constants K and 1/n were adsorption capacity and adsorptien,intensity which
was summarized in Table 3.1. The Lower value of K was dem the more
adsorption (Horsfall et al., 2006). Another constant, with increasing metal ion

concentrations, 1/n was indicated that adsorption still st 1) or decreases.

The constant data of all activated carbon were well fit undlich isotherm like
(1/n<1,K>1). The value of 1/n and K were (0.114, 0.27

well as (21.2, 17.76, 17.01, 18.98, and 18.95) of nick
cobs, neem bark, and Moringa oleifera bark respecti |gure'Q-.9(a). The
QR and

as

value of 1/n and K were (0.272, 0.286, 0.17, 0. as well asg".54, 37.35,

11.07, 2.74, and 34.68) of copper for rice Monut i U%eem bark, and
Moringa oleifera bark respectively as@ Figure 3:9(b). T@alue of 1/n and K
were (0.204, 0.884, 0.549, 1.602, acd’f;z ) mell\j 8,6.32, 11.47, 1.01, and
6.75) of cadmium for rice husk,“egconut W%ﬁc

bs,ch)e,em bark, and Moringa
oleifera bark respectively as s In Figuce 3.9 . For <%ﬁe value of 1/n and K was
observed that Freundlich isqiEer as itted for @etals removal data using five

activated carbon. c i 0
:

The Langmuir %rm ci) \i& ann (ﬁ?described about the chemical or
physical propertil&it canmbe i ifiedéy, he mean adsorption energy (E) which
was calculate Mhe -R iso e}lh rmge'l (Azouaou et al., 2010). If the adsorption
energies (@8 mok? dica@yhat the adsorption process is physical forces.
On the r hand, ‘thogzues (é%) indicate that the adsorption process follows
chemical adsorption. Table 3.1 sorption energy values (E) suggested that rice husk
(0.% 279, 8.297, and 6.@7, coconut coir (0.264, 1.718, 7.813, and 2.71) and

%a oleifera bark (0.264, 1.736, 9.8, and 2.61) respectively indicate a physical

rption for lead (Pb), nickel (Ni), and cadmium (Cd) metal ions adsorption but

pper (Cu) adsorb by chemical adsorption process. On the other hand, corn cobs

(0.264, 2,313, 6.024, and 2.134) and neem bark (0.246, 3.03, 1.18, and 0.912) indicate
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physical adsorption for all lead and nickel, copper, and cadmium respectively. The
Absorption capacity of heavy metals for neem bark was not well without lea

not having an available active functional group on the surface of activated

Q{ fo
binding metals from aqueous solution. : 0)
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\ Figure 3.10 D-R plot for (a) lead, (b) nickel, (c) copper, and (d)
cadmium uptake of rice husk, coconut coir, corn cobs, neem bark, and

Moringa oleifera bark
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Table 3.1 Isotherm factors for the uptake of Cu (1), Cd (1), Pb (11) and Ni (I1) onto
rice husk, coconut coir, corn cobs, neem bark, and Moringa oleifera bark

Activated Langmuir model Freundlich model
carbon
Heavy  R? Omax B R 1/n K
Metals mg/lg Lmg?
Rice Pb N/A  N/A N/A NA NA NA
husk

Ni 099 27.17 442 098 011 21
Cu 099 2045 162.87 099 0.27 1.5

Cd 089 1252 255 082 02%2 063 8. .
Coconut Pb  NA NA NA NA N IA o.g\zﬁo\?' 0.26
corr Ni 099 2849 168 0.92 17.76 | 0 Izq.gin 1.74
Cu 099 2088 15074 096 028 37.35' 0 \3@8 7.81
Cd 095 5495 0.0 0.99?95 ad2 Urdoz > 43 271
Corn Pb NA NA N/N;A NA oA W94 6440 026
cobs Ni 093 274 % 075015 2280 231
3

Cu 097 133 1@2 0.68 11.56 6.02

8 J0.54 \{@'.47 099 1611 213

\
Jﬁ' N NA 084 6440 026
078({_}‘6. 2 1898 062 2375  3.03

1
96 274 098  8.03 1.18
.60 101 063 547 0.91

-9
7y

O

Cd 0.88

Neem Pb N/A
bark

N/A N/A N/A 094 64.40 0.26
087 021 1815 099 2741 1.73

207 099 023 3468 094 2207 9.80
J3 095 052 675 077 894 2.61

oleifera i

Moringa &' Ng
% 0.

Cu 0.98  20.43¢1
©

;\ Cd 080 17.01
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3.3.6 Adsorption Kinetics

The adsorption kinetics of heavy metals were determined by some paramete
as first order, second order, intra particle diffusion models and contactlng

between 10 to 120 minutes. This study was carried out to experimental

in Figures 3.11-3.13.
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Figure 3.11 First order graph for (a) lead, (b) nickel, (c) copper, and (d)
cadmium uptake of rice husk, coconut coir, corn cobs, neem bark, and
Moringa oleifera bark
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The pseudo first order, pseudo second order and intra particle diffusion constants

were compared among the experimental sorption capacities (Qexp) and the predi
values (Qcal, K1, k2, kg, R?). These comparable values were shown in Table 3.\

The pseudo-first-order kinetic graph were shown in Figures 3.11(a c'mvalues
of K, and correlation coefficient, R?obtained from the plots for lead, opper, and
cadmium adsorption respectively on the adsorbents were given ’ykle 3.2. The
experimental g values (21.05 of lead), (18.96, 16.82, 17.14, 6.92 of nickel),
(19.84, 19.95, 13.19, 7.49, 20.09 of copper), and (11.57, 0&*16, 8.46, 11.42 of
cadmium) for rice husk, coconut coir, corn cobs, neem nd*Moninga oleifera bark,
(N/A of for
adsorption), (10.54, 11.89, 10.71, 29.54, 4.00 of nick .64, 3.02, : ﬁ.g@?& of
copper), and (21.25, 26.21, 9.77, 1.31, 8.87 of cadm ) obtained from the @ear plots
as shown in Figure 3.11(a)-(d). This was shown tthe

all the activated carbon were not in fitted tWt-ordg}
\ )
From the Table 3.2, the pseudo secon rde od? S r&@close between the

calculated (gcar) value and experi (Qe S Q\activated carbon. The
experimental ge values (21.05 183 17% 18.12, 16.92 of nickel),
(19.84, 19.95, 13.19, 7.49, 20. (1151\ 1.05, 14.16, 8.46, 11.42 of

cadmium) for rice husk o ?rk and Moringa oleifera bark,
respectively were well% with 3he c ujat d Values (21.05, 21.05, 21.05, 21.05,

21.05 of lead), (20. mgl , 20. nlckel) (19.80, 19.88, 13.74, 41.49,
20.08 of copper fand, (1

11.04 of cadmium) obtained from the
linear plots a o

respectively were not in fitted with the calculated val

\oﬁpg n of e?fy\’metals on

4/?
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Figure 3.12 Second order graph for (a) lead, (b) nickel, (c) copper,
and (d) cadmium uptake of rice husk, coconut coir, corn cobs, neem
bark, and Moringa oleifera bark
v v ; v)
i hi h&fegression coefficient (R?) values than the first

order ar% ion. So, the pseudo second order model was very
Welm or heavy metals , hickel, copper, cadmium) adsorption using all
a Mﬂ carbon. With increasing the contact time, the adsorption of metal also was
ed but after reaching the equilibrium state the change was not significant due to

e Saturation of active sites on the adsorbent. On the other hand, lead was so fast and

was removed absolutely (100%) from spiked aqueous solution after just 10 minutes
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to till equilibrium due to lower mass effect and more binding capacity with activated

carbon. Y*
SN
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Figure 3.13 Intraparticle diffusion of

(@) lead, (b) nickel, (c) copper, and

(d) cadmium adsorption for rice husk, coconut coir, corn cobs, neem bark,
and Moringa oleifera bark

V 4 N
AN, V'H/ < | o
Figur (a)-(d) was sh'owntg-plot of q: against t2 for inter-particle diffusion,

deri

N

C

7

4

give a linear plot wit&s ope kig and intercept Ci. It can be observed from the

Nat the linear line for lead, nickel, copper, and cadmium of all activated carbons
%ot passed through the origin (0). This pointed out that the rate-limiting step was
only the intra-particle diffusion but together with the boundary layer control, which

an be operating simultaneously in the sorption process (Kumar et al., 2011).



Table 3.2 Kinetics factors for the uptake of Cu (11), Cd (I1), Pb (I1) and Ni (11) onto

rice husk, coconut coir, corn cobs, neem bark and Moringa oleifera bark

Activated Heavy  Qexp asParticle
Carbon Metal mg/g First Order Second Order ision
R? Cgal k1 R? Qaal ko ¥ Ky R?
mg/g  mint mg/g in- mgl?
min—llz
Rice husk Pb 21.05 N/A N/A N/A 1.00 21.05 ; N/A N/A
Ni 1896 051 1054 0.04 0.96 20.?1004 0.79 0.44
Cu 19.84 012 164 0.004 0.99 : 0.(*3 0.07 0.72

Cd
Coconut Pb
coir )
Ni
Cu
cd 1105 099 2621 o\g/ 0.93,\
Corn cobs Pb 21.05 ; 1.00
Ni 17.14 91
Cu 13.19
Cd 14.16
Neem bark Pb 21.0 0.
Ni 18.1 97
Cu h\ 0.9
Cd 0.
Moringa PQOS
Oleifera
At %, 6.92) 0.
({12 2009.__0'

1157 096 2125 010 099 W1.12 M 093  0.65

®
g
21.05 N/A N/A N/A 1! 2105 O ' ﬁ N/A

16.82 049 1189 0.0 91 1842 05 \\/ZU.SZ 0.28
1995 090 3.02 0.03 1.00 \19%& 0. Y‘ 0.06 0.96

0.96 0.68

105 098 NA NA
,QE\ 0002 127 094
\

.99 @4 51.20 0.51 0.62

0.9&%4.60 0.42 0.43 0.31

o
3 ‘% 2137 003 034 069
06 & '88 2525 0001 187 076
0.02 4149 00003 081  0.82
096 831 003 001 0.003

1.00 2105 0.98 N/A N/A
0.98 18.18 0.006 0.64 0.55
1.00 20.08 0.11 0.04 0.92
099 11.04 0.02 0.86 0.58

\ '
Q % Desorption Studies

It can be described as the percent removal of pollutants which was first loaded onto

the activated carbon. Regaining metal ions is essential for reuse (Chen et al., 2007). The
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studies were conducted by batch desorption technique using HCI, H.SO4 and Na2CO3
of known concentration of 0.1N as shown in Figure 3.14-3.17. The efficiengies_of
desorption were compared in Table 3.3. Generally, with increasing cycle@i,
desorption efficiency decreases as given in Table 3.4. In each cycle, ne %g sites
were decreased which were generated by dilute HCI treatment. IS reason,
declining adsorption capability with the increasing cycle number a n in Figure
3.18-3.21. However, HCI presented the highest desorption effieiency, for Pb (1), Cu

(1), Ni (1) and Cd (1) for all activated carbon but neem bark d?py n efficiency was
not good for all metals without Ni (11). '

NY.

Y-.

| _\C}
T d \T
120
< 100
5
£ 80
S
A 60
5
S 40
S
2 2 II
0

Rice Coconut Corn Neem Moringa
Solvents(0.1N)

m Adsorption(%) ®Dsp%(HCI)  ® Dsp%(H2S04) B Dsp%(Na2COs)

Ly |+ D, S

Figure 3.14 Desorption efficiency using 0.1N different solvents for

\A%" , le\c}gs lead of all AC
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S
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Table 3.3 Adsorption desorption table with different chemical

Activated Heavy Adsorption Desorption Desorption Desorptiok
Carbon Metals (%) HCI (%) H,SO4 (%) Na,CO#%0

Rice husk Pb 100 88.96 70.15 5%
Ni 56.94 99.02 93.14 61
Cu 98.6 86.93
Cd 50.8 92.83
Cocqnut Pb 100 74.03
coir

Ni 60.91 99.87
Cu 99.9 95.63

Cd 62 97.65
Corn Pb 100 8 E
cobs Ni 42.34 92.

Neem Pb 100 73! \
bark Ni : s ) 851

Moringa Pb 100 9.?2
oleifera Ni% 0.71 r 44
bark \ 88@9
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Figure 3.18 Desorption efficacy with 0.1N HCI during several cycles for
lead of rice husk, coconut coir, corn cobs, neem bark, and Moringa
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Figure 3.19 Desorption efficacy with 0.1N HCI during several cycles for
nickel of rice husk, coconut coir, corn cobs, neem bark, and Moringa
oleifera bark
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Table 3.4 Desorption efficacy with 0.1N HCI during several cycles

Cycles | I 1 IV v Cowm
Activated Heavy Adsorp Desorp Adsorp  Desorp Adsor\?sorp
Carbon Metals tion(%o) tion(%)  tion(%) tion(%) tion(% ion(%o)
Rice Pb 100.00 88.96 86.05 86.03 : 72.13
husk %
us Ni 56.94 99.02 52.64 93.64 46. 73.17
Cu 98.60 91.06 84.08 89.42 WZ 54.84
Cd 50.80 92.83 47.88 QO.N 46.64 76.15
Coconut Pb 100.00 74.03 83.53 4z ' 74.41 44,01
coir Ni 60.91 99.87 . 54 60.37
Cu 99.90 95.63 58* 37
R
Cd 62.00 97.65 461823, 7 53.10
N
Corn Pb 100.00 88.82 2 53.41
cobs )
Ni 42.34 92.(q 252  76.44
Cu 62.60 N 37.16  66.67
Cd 66.34 %17 56.70 55.73
Neem Pb 100.0 % 73.4 42.83 48.41
bark )
Ni 39. 85. 32 27.90 62.14
Cu 7.54 47.09 14.28 23.88
cd 39 \o'szue’ : 3174 5274
Moringa  Pb 100. Q]%.Q & 91.67 82.88 8236  72.23
oleifera \
bark % 0.71 ‘v 95! 46.96 83.73 42.34 79.15
9.7 @6 82.94 78.93 80.41 60.33
%9.13 55.64 76.95 48.82 54.40
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3.4 Conclusions

This study suggested that the activated carbons from rice husk, coconut ¢
Moringa oleifera bark can be used for the elimination of heavy metals (Cd N 1),
Ni (I1), and Cu (I1)) as a low-cost adsorbent from spiked aqueous solutio%g??e other
hand, corn cobs and neem bark were good for lead (Pb) adsorption but remaning metals
like nickel, copper and cadmium adsorption were not good. The metals removal were
good using best parameters like concentration (5 mg/L), dosagew g), and pH (6).

The adsorption experiments at room temperatures wege

Freundlich isotherm models and second-order kinetic mo

N) was an effective desorbent for the recovery of metal 1), Pb ( I1), and Ni
]

(1)) from adsorbents. Therefore, Rice husk, cocon ir and Morin Ieifg%a?gark
were the best adsorbents among others for m adsorpti‘gn process f ﬁrspiked
aqueous solution and those adsorbents were s for~ehara
chapter. N W‘b\ g

83



