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: inetic and thermodynamics to
: i ; The study also covers adsorption isotherms, kinetic an Y

adsorption dosage and temperature. The stud}

describe the mechanism of CNTs.

1. DETAILS EXPERIMENTAL

2.1. Materials and Procedures o

2.1.1. Synthesis of Cobalt-ferrites supported on Kaoh.n .
Cobalt-ferrites catalyst was prepared using wet chemical 1mpreg1
3.64 g of Co (NO3)2.6H;0 and 5.05 g of Fe (NO3);.9H:0 were weigh _ e =
mL of distilled water. 8g of kaolin was added to the solution and the mixture e v
to age for about 30 minutes. The mixture was oven dried at 140°C fo.r 10. hours. he O o Hhic tarah it
then cooled, grounded and sieved using a 150 micrometer sieve. Calcination was then carrie )

powders in a furnace at 600°C for a 14 hours to obtained cobalt-ferrites supported on kaolin.

1ation process with the aid of a kffolin Support.
ed and mixed in a beaker then dissolved in 50
rpm, and allowed

2.1.2. MWCNTS Synthesis ' furna

The tubular quartzy tube which contains 1.0 g of catalyst was horizontally placed in the CVD e When thé
CVD machine was switched on, argon flow rate and temperature was initially set to 15 mL/ min and 750°C
respectively. Once the temperature of machine is heated up to the set temperature, the argon (carrier gas) ﬂ(?w
rate will be adjusted to 100 mL/min and acetylene (carbon source) flow rate was opened, and set to 200 mL/min.
- As the CVD machine reach the pre-set time of 45 minutes, the temperature starts dropping signifying the end of
the reaction. At this time, the acetylene flow rate was closed and argon flow rate re-adjusted to 15 mL/min. The
automated machine is then allowed to coo] to room temperature and the produced CNTs was removed.

2.1.2. Purification of the Synthesis MWCNTS

Acid purification method was used by treating the as-synthesized CNTs with HSO4 and HNO; acid with volume

ratio 1:3 and sonicated for 90 minutes at 40°C. The mixture was filtered then washed several times untl a neutral
pH is achieved.

2.1.3. Functionalization of MWCNTSs ,

The purified MWCNTSs were functionalized with 20%
formamide (DMF). The mixture was stirred for 18 hour
water and then dried at 105 °C for 8 hr.

Polyethylene Glycol (PEG) and 100 ml of 10% Dimethyl
s at 25°C. The resulting sample was washed with distilled

2.1.4. Adsorption Process o
The influent from pharmaceutical company was collected and stored in an air tight container and kept in freezer.
The initial concentrations of the heavy metals were determined before the adsorption process. The effects of ihe

residence time, adsorption dosage as well as the temperature were examined. The Kinetic, isotherm as well as the
thermodynamic of the adsorption process were carried out in a batch adsorption process. -

2.2. Adsorption Isotherm
2.2.1. The Langmuir Isotherm

The general representation of the linear isotherm mz;iel equation is expressed by Equation 1.
1 11 :

NIt i 1
qge al Ce al
The Freudlich isotherm model equation is also exprlessed as:
log q. = log kf+—7; log c, 2 )

Where ce is the equilibrium liquid phase ion concentration in {ng/ L and qge is the equilibrium solid phase ion
congentration alsoin mg/L.

2 RESULTS AND DISCUSSICN
3.1. Material Characterization . o 1 . . L
T"ne)thermal stability of the developed cobalt-ferrites doped kaolin was determined via the TGA techrugue. e

- t e ia Ak : in Fie. 1.
result of the analysis s as depicted in Fig,

340
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X, I a5 & y#=Dic
- s
oLON -
0 ot OO ~*
vemuperature ((°C)
¢ Iy o e ol )
i ‘,\-\ L4 probile off cobalt-ternites doped Raohn

wentht al the temperature range of 30-120°C indicates the loss of water content amounting to about
re of 4420C. The onset terperature of
th at elevated temperature.

rsion of solid Fe-Co

Ve the d Jivdron RASTRIN W

Je 1 : 11‘ ’\l 1o of the kaolin takes place al peal femperata
2 oo the stabd SRS <\ y g1 / g4

i mdicatv d } { itw of the «y athesized material to be used for MW( NTs grrow

‘ mSees (e \ Iy oo i

e SENL HDARES he catatlvat after caleination is shown in Fig. 2. Fig. 2 chows the dispe

justers whiche are slightly sphernical in shape and porous.
o R Gy -

SEM Micrograph of calcined catalyst

t2

—
.

2 obtained before calcinations was 345.364 m?/g, with a pore volume of 0.135 ¢m?/g and having a
tially present in the catalyst

A

we surface are
-0 size of 3.041Inm. This could be attributed to loss of unbound water molecules ini
Park et al., 2014).

3{a. b, ¢) show the microstructure of carbon nanotubes for as-synthesized, purified and functionalized
respective id not partake in the reaction as a result of

is in cluster, while those in Fig.3 (b-c) contains a more refined, clean and elongated

2016) with less metal particles now visibly present on surface of the CNTs i.e. the
oved to a great extent after purification and functionalization

3§

|

’P_'a

ly. Fig. 3.a showed that CNTs contain catalyst particles thatd

3

i carbon source and it
CNTs {Abdulkareem et al,
catalyst particles and support used were rem
/Bavindra and Ramachandra., 201 1).

Dl ¥ iad

T

-— “awe

P 4 iy T - ‘NTs () Functionalized CNTs
Fig. 3. SEM micrograph of (a) As-synt d CNTs (¢) Functionalize s

hesized CNTs (b) purit’ic
and’ functionalized CNTs. As shown in Fig. 3,
ter of CNTs. TEM image of as-synthesized
to aggregation of impurities in forr.n of metals. ThlS is st'u')wn by
functionalized CNT present in Fig. 3¢ has less impurities and
nd external diameter is 71.6 and 43.6nm respectively.

esized, purified

of the as-synth : ‘
article within the inner diame

E” 3 {a, Wand c) is the TEM image
°¢ purified CNTs has enclosed metal p
Q};NTS has a large clusters of catalys! parliclcs, due
:0(: dark spol present on the image.

S a medium to high crystallinity

Whereas, the
CNTs. The internal a
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Fig. 4. TEM d4mages of (a) Assynthesized O
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Temperatut® (e}

) purified ¢ NTs (b) functionalized CNTs.
ncreased from 3 - 70°C, there was 2 mnmpondinf; |{1¢€reasc in the
ersture attained for Zn was 60 " There was no significant chand r;ﬁe
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Te for Cd (79.42% at 30 °C till it got to a4 06% at 70 "Czia

i ilibri p rased
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i1
¥

at equilibrium. In this study, Langmuir and
¢l with R value closer to

process. The result of the isotherm model is presented in Table 1.

e parameters for adsorption of heavy metal jons on punh(‘d and hunctionatzed CNTs.

Functionalized

CNTs
K
Quw
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4
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Cd and Mn | {owever, when comparin

Ki

e

| corelficient of Langmuir and
nnphies that P-CNTs is favours

CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

were done with pseudo-firs| 6f¢i,{ i

1 CNTs , X 4 ST

o otic Jionalized ion capacity of Zn, Cd ang M i

3/ wpiion Rinetic afied and pung to . adsor not 3 1} Ve
34, Adeoyy Panetics 0f }nm!u( effect o the d‘t .:hn{)vﬂ in T,:ble 2 | )h;:

\‘\{‘_‘u;ﬂlmn ‘o show tme

ation c’(n-tﬁrwnl ar

jr thi standv,
pracindn o ond ordet bane
CNTs and FA NT= The corntanls

s mandel
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el A
Latrd urified at
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Pruarthant LN ER

. (d rﬂll
4 N Zn ‘
Prewdo fistorder o, 00622 0.0668 0.0461
2 ;_!3.“ L t 'y | !
v | 7210 08511 04198 2.4547
. =a 0878 0.798 0.953 0.96 0.98
Prrode Second order
S opess  pazm 00197 00635 01219 00126
8718 06510 2.6954 1.0395 0.7042 2.9940
U
0.987 0973 0,994 0.988 0.985 0.951
};

ificient of Pseudo second order kinetic model for P-CNTs and F-ONTs
adsorption of Zn, Cd and Mn are best

Acccowding to Table 2, the correlation co-¢
wae found 1o be higher than Pseudo first order kinetic model. Thus,

deweribed to Pseudo second order kinetic model.

34 Thermodynamics Studies
The thermodvnamic study was carried out to enable the determination of Gibbs free energy (AG), entropy (e

worption process. The results of the thermodynamics studies is as depicted Table3
%o shomr in Table 3 the Gibbs free energy values obtained for the adsorption process for the temperature interva
of WK 1o 3K for the adsorption of Zn are -1546 .2, -2166.6, -2787.0, -3407.4 and -4(5';7 S(Kjmol 1} wﬁpectivehf- Fee
winy of (d, the values obtained were - 37299, 4606.2, -5482 5, -6358.8 am; ~.7')qr.',} 1 (K’mt)l:‘) n‘._f,pe&i\'eff
and 51334, 72747, -_‘M’«» 4, -N59E 0 and -13759.7(Kjmol 1) res;wctivelv’m; ;\zh.l The n :' ‘l" ‘e i ¢ eNeTEY chang®
(a0 values for Zn, Cd and Mnandicates the spontaneous nature of 1;14(" i ' ‘ - t~$a e ified ant as4
i farwtiomatized ( NTe over the studied range of temperature ks b s

snd enthalpy (AH) of the ads

e ,'is's_"{}.’ ;\:

Table 3. Thermodynamics parameters of heavy metals adsorption on Purified and Functionalized CNTS
d Functionait
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CONCLUSIONS |

The adsorption efficiency of purified and functionalized CNTs for the removal of Zn, Cd af‘d Mn fro |
pharmaceutical wastewater were investigated in this study. The catalyst was pr-epargd by wet impregnatio ||
method. The catalyst yield obtained was 93.21 % at a temperature of 140 °C, drying time of 10 hours, stirring
speed of 500 rpm and a mass of 8g. The CNTs was synthesized in a CVD reactor by a decomposition of acetylene
in the presence of bimetallic Fe-Co/kaolin catalyst at 100 mL/min argon flow rate, 200 mL/min acetylene flow

rate, 750 oC reaction temperature, and 45 minutes reaction time. The synthesized CNTs obtained were purifiedby |

acid treatment and functionalized with PEG. TEM analysis revealed that F-CNTs was crystalline in nature. BET
results revealed that F-CNTs had an improved: surface area of 970.81 m2/g than P-CNTs. The nano-adsorbers

were employed for the adsorption of selected heavy metals and other contaminants’ from pharmaceutial §
wastew.::lter. Optimum adsorption was obtained at adsorbent dose of 0.4 g, 60 °C and equilibrium time for
adsorption was achieved within 60 min of contact time with percentage removal of 89.78, 94.65 and 93.32 % for §

ano-adsorbents contributed foits ¥

Zn, C_d and Mn respectively on to F-CNTs. The increase in surface area of the n

\—

Y

Fg
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