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osvstem due to the inherent chemicals. Th; "¢ environment causes harmful effects in the surrounding

4L o i dls. 1S < Bt [ ) R .
syrmaceutical wastewater using a carbon nanot L:‘tUd'\ is focused on the removal of heavy metals from
) ot notube adsor . - :

Ibimehllic Fe-Co catalyst supported on kaolin® e adsorbent (CNTs). Carbon nanotubes were produced using
14 v e - / -(0 mt\‘if\ \\'et in . . ‘ = -

. 2 : . 1mre p: &) ~ - AT
§\1\lh6512t‘d through calalytic chemical vapour deposi 6 LgﬂnhonA thh.mqm‘ Carbon 1.1.1notuqbe> WEre
 iied CNTs were functionalized wi position and purified with acid treatment to give P-CNTs. The
it (B BT with polyethylene glvcol to give F-CNTs. The catalyst, P-CNTs and F-CNTs
were characterized by Brunner-Emmett-Teller (BET), Higl . ey :

3 I . . _ ) ., High Resolution Transmission Electron Microscope
HRTEM) and High resolution Scanning Electron Microsc . 5 T ) , .
\Ts and F CNTs were 65756 and © ron Microscopy (HRSEM). Specific surface arca obtained tor P-
\Ts and F-CNTs were ©57.56 and 867.23 m?/g respectively _ A
L 1ced CNTs while the HRT S EeNSHTESI /g respectively. The HRSEM depicts the cluster nature of the
produced LN A= ‘1\ il Lﬂl ‘“ RTEM depicls the internal and external diameter of 21.62 and 43.60 nm respectively.
N I3 -CNT=s S Sl avErT . s . ) . - . -

The P-CNTs and F-CNTs adsorbents were used for the removal ‘of heavy metals (Zn, Cd and NMn) from
h i aotewater T [T . . ) .
p.;lrmaceuhcal wastewater. The influence of contact time, temperature and adsorbent dosage were investizated
on the nano-adsorbents. F-CNTs exhibited the mosl suitable results compared to P-CNTs with optimum
conditions of 60 minutes contact time, 0.3 g adsorbent dosage and temperature of 60°C with percentage removal
0(89.78, 94.65 and 93.32 % for Zn, Cd and Mn respectively on to F-CNTs. Freundlich isotherm was more fitted to
the adsorption data than the Langmuir isotherm. Peendo-second order kinetic model best describes the
adsorption behavior, and the thermodynamic studies showed
reaction process. The study shows that the functionalized carbon nanotubes produced has the alfinity (o remove
Zn,Cd and Mn ions trom phnrnmceuticnl wastewaler.
KE}W\‘ords: Adsorption, Functionalization, MWCNTS, cobalt-ferrites and Pharmaceutical Wastewaler
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adsorption dosage and temperature. The study also covers adsorption isotherms, ipeticaria the"md)’mmiq b,
describe the mechanism of CNTs.

i DETAILS EXPERIMENTAL

2.1. Materials and Procedures §

2.1.1. Synthesis of Cobalt-ferrites supported on Kaolin ' . ; _ -
Cobalt-ferrites catalyst was prepared using wet chemical impregnation process V\flth the Eld t‘;lf a ka.ohn SUPpor
364 g of Co (NOs).6H:0 and 5.05 g of Fe (NO4)s 9H:z0 were weighed and mixed in a beaker then dissolved i 3
mL of distilled water. 8g of kaolin was added to the solution and the mixture was stnrre'd at 300 rpm, ar?d alloweg
to age for about 30 minutes. The mixture was oven dried at 140°C for 10 hours. The final ‘obtamed Mixture y,;,
then cooled, grounded and sieved using a 150 micrometer sieve. Calcination was then ca‘med out on the Catalyy
powders in a furnace at 600°C for a 14 hours to obtained cobalt-ferrites supporfed on kaolin.

2.1.2. MWCNTS Synthesis | . ’
The tubular quartz tube which contains 1.0 g of catalyst was horizontally placed in the CVD fuma_ce. When the
CVD machine was switched on, argon flow rate and temperature was initially set to 15 mL/mlft and 750«
respectively. Once the temperature of machine is heated up to the set temperature, the argon (carrier gas) floy,
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 minules, 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 cool 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 Hz50; and HNO; acid with volume

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

2.1.3. Functionalization of MWCNTs )

The purified MWCNTs were functionalized with 20% Polyethylene Glycol (PEG) and 100 ml of 10% Dimethyl

formamide (DMF). The mixture was stirred for 18 hours at 25°C. The resulting sample was washed with distilled
water and then dried at 105 °C for 8 hr.

2.1.4. Adsorption Process

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 the
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. Adsorpticn Isotherm
2.2.1. The Langmuir Isotherm

The general representation of the linear isotherm model equation is expressed by Equation 1
1 11 Kk '

qe al'Ce al i
The Freudlich isotherm model equation is also expressed as:

1
log q, = log k; +;logce 2

Where ce is the equilibrium liquid phase ion concentration in mg/L and qe is the equilibrium solid phase ion
concentration also in mg/L. :

2 RESILIITS AND DISCUSS
- it W B B A var arad v oI

3.1. Matenal Characterization ‘ :

The thermal stability of the developed cobalt-ferrites doped kaolin w i ; i
, — as determ , e. The
result of the analysis is a< depicted in Fig. 1. etermined via the TGA techrqu
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. 2014).
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Fig. 4. TEM 4mages of (a) As-synesized CNTs (b) Purified CNTs (c) Functionalized CNTs

3.2. Adsorption Process
The effects of the adsorbent dosa

ge, residence time and temperature were examined on the percentage adsorptign
on Zn, Cd and Mn.
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Fig. 5. Plot of %removal against contact time for (a) purified CNTs. (b) functionalized CNTs.
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3.4. Adsorption Kinetic . . , .

In this study, adsorption kinetics of purified and functionalized CNTs were dcme'wlth Pseudo-firg, Org,
pseudo-second order kinettics models to show time effect on the adsorpho'n Cépi;(‘lfy of Zn, Cg4 ang p, "
CNTs and F-CNTs. The comstants and their correlation coefficient are shown in Table 2. o p

Table 2. Kinetic parameters; of heavy metal ions on purified and functionalized CNTs.

Purified CNTs Functionalized CNTs
Kine
tic
Para Zn Cd Mn Zn Cd Mn
met
ers
Pseudo first order .
K1 0.08291 0.0898 0.0415 0.0622 0.0668 0.0461
(min
.])

0.5984 0.631 1.7219 0.8511 0.4198 2.4547
Qe

0.85 0878 0.798 0.953 0.96 0.98
R2
Pseudo Second order
K2 0.0994 0.1272 0.0197 0.0635 0.1219 0.0126
(min
")

0.8718 0.6510 2.6954 1.0395 0.7042 2.9940
Q\

0987 0.973 0.994 0.988 0.985 0.951
R.‘

According to Table 2, the correlation co-efficient of Pseudo second order kinetic model for P-CNTs and F-CNTs

was found to be higher than Pseudo first order kinetic model. Thus adsorption of Zn, Cd and Mn are best
descnibed to Pseudo second order kinetic model

3.4. Thermodynamics Studies

The thermodynamic study was carried out to enable the determination of Gibbs free energy (AG), entropy (35
and enthalpy (AH) of the adsorption process. The results of the thermodynamics studies 1s as ;df'plﬂe-d in Table3
As shown in Table 3 the Gibbs free energy values obtained for the ﬂdSOri:)lion process for the temperature ntervel
of 303K to 343K for the adsorption of Zn are -1546.2, -2166.6, -2787 .0, -3407.4 and ~4027 8(Kjmol*) “?SP"C“"!-‘"' Fer
the adsorption of Cd, the values obtained were - 37299, -4606.2, -5482.5, -6358.8 and -7235.1(Kymol ) n-spt’m"“t’
and -5113.1, -7274 7, 94364, -11598.0 and “13759.7(Kjmol 1) respectively for Mn. The n(-g.';li\'r free energy chan®
(AG) values for Zn, Cd and Mn indicates the N

iy . spontancous nature of -ld‘-urplmn process of the puriﬁﬁj a,,;jaw
the functionalized CNTs over the studied range of temperature

Adso Tem AH as 7 A e
rhate p {kjmol-  (J/K (Jm  rhent
1K D____mal) oy
Zn 3B 17516 €0% . p— %
] 1546 CNTs
2
313
2166
(4]
T
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CONCLUSIONS

The adsorption efficiency of purified and functionalized CNTs for the removal of Zn, Cd and Mn fron
pharmaceutical wastewater were investigated in this study. The catalyst was prepared by wet impregnaiim
method. The catalyst yield obtained was 93.21 % at a temperature of 140 °C, drying time of 10 hours, strrg
speed of 500 rpm and a mass of 8g. The CNTs was synthesized in a CVD reactor by a decomposition of acetylent
in the presence of bimetallic Fe-Co/kaolin catalyst at 100 mL/min argon flow rate, 200 mL/min acetylene fiow
rate, 750 oC reaction temperature, and 45 minutes reaction time. The synthesized CNTs obtained were purified ¥
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-adsorben
were employed for the adsorption of selected heavy metals and other contaminants- from pharmaceu'

wastewater. 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 9-;165 and 9332 % for
Zn, Cd and Mn respectively on to F-CNTs. The increase in surface area of the nano—ads'orl;ent-s contributed 10 its

effectiveness in adsorption process. The kinetic studies of Pharmaceutical wastewater were fitted to the Pseud‘}

second order kinetics and Freundlich model described the ad ata

: 4 ics d
: S . sorption isotherm. The thermodynamuc
revealed that AG was negative which implies spontaneity of adsorption process. The values of AH were al

positive illustrating endothermic nature. The values of AS obtained were positive indicating an increase It -

- - - s a8
disorderliness of the system. Finally, a decrease in physicochemical properties of pharmaceutical wastewale’ -
observed due to effectiveness of nano-adsorbents. P

346

e

Scanned with CamScanner



|

lHERENCES

i M. Tuzen, D. Citak, and M. Soylak, “Equilibyei Cineti ' |
I,A‘SE;::JIT! aqueous solution onto Turiish l»;;\(?llilll~lll:num',.l\mc“c,6 e ST SR IV -|t|""‘l‘“"'“ !
ﬂ‘(ﬂ)o(ﬂ nite clay” Journal of Hazardous materials, vol, 149, pp. 280
| A

3 pelhamdi, Z- Mer'zougU_i, M. Trari, and A. Addoun
" ylalanine adsorption using activated carbon b ’
pchnolog)" vol,14,pp. 354 - 366,2016.

;_EM- Jaishankar, T.Tseten,N. Anbalagan,B.B. Mathe

Jfects of some hiz;vl)_r] me.tgl"&:nlerdi.sciplmary Toxicology, vol.7,pp. 60 - 72, 2014.

1 R Das, SB At t ant“ ’ t: "jE":h Ali, AF. Ismail, MSM. Annuar,. and S. Ramakrishna, “Multitunctional carbon
qnotubes 1N jids \?\; rea ;ne;\ - 1€ present, past and future”, Desalination, Vol.354,pp. 160-179,2014.

R HW& B: ”ar;g, . Yang, D. Zh?ng and Z. Zhang, “Equilibrium, kinetic and thermodynamic studies of
sorption of Cd(11) from aqueous solution onto HACC - bentonite” | Desalination, vol,280,pp. 297 - 304, 2011,

4 R Ravindra and BB Ramachandra, “ High yield synthesis of carbon nanofibers in an environimental friendly
!mule"n App! Nanosci, vol,1,pp. 103 - 108, 2011.

|

A Kinetie, equilibrium and thermodynamic study ol L
ased on agricultural waste”, Journal ol /\|1|||ird Research and

w and K.N.Beeregowda, “Toxicity, mechanism and health

|
|
|
|
|
I
|

|
|

347

r \.,,....._.‘,..4

Scanned with CamScanner




