D ‘,‘,;‘)Plﬂcnt of Multi- alledq C;
IS ’l

. r
arimy 1 1 Hamzag, wy Al E’On Nanoty
™ ment of Chemi ! Gabrie
tment of Chemical g, '

AN

Det s’4”“-‘01‘in§v‘

| bes forFe A
l, B.,1 Abdulk
. » Schog] ol Infp
. NVersity of 1

s r\ S ¢ 3 N
7;.\1,"1“““”0]0}’) RtM_auh(.mup,(‘vnl G

nd Cu [one g .

s Sorption T
, nFrom p
areeny, AS. 12 Abul, m Pharm
aslrm'lun-, P

chnology,

aceutical W;
akre, 0. 23 ¢ Wastewater

roceg -'bn]abiarnﬂa’ ATs

s !"”)yin(-(.r' \
_ ny, ng and Tech ]
Wiy Minn,, Nigeria ’ *hnology, Federa]
™ CENeIMeer; ;
Tech BIMeering and pi
W0log . Sy nolechnolopy, Fodoer: :
lallurgy, Sehoo |)|‘y’[ Minna, Nigeri, = getal Unlve
2N OF Infrae lr '
b “‘“lll‘/l’]'() ve 1
cons Ting

Sty of Tee
= {\. knl Iullnmln;',y, Minn,, Nigrerin
deral Unwvr.ﬁily Otuoke, Yonagpe,

onding ‘ NAroa, Bavele, ¢ L
£ Author: k‘:‘ﬂ]“‘(la"'f"‘lllinn " I, ayelsa State, Nigeria
e SLAAl] dedung

re for Ge

S Lment of Material ang Me
pepd

rsity of
Univey
mistry,
Cory 08} ‘

{Department of Che meering and 'rcChrmlo;;v, Federal

/\liS'l'RAC'|'
. study reports the Preparation’of nano.-
wal of Fe (D and Cu (I ions

ol
§

ade

from pharm

sotbent from f\/hllli'\N.lH(
qation method. The carbon n

aceutical wastew: '
‘ hl « d510 '»‘4]“"“ I"'
ks ;nolulws (CNTSs) was synthe
A 200 mL/min ang nitrogen
riod of 45 m;j 5 |
; A ‘ : 2 minutes. Afte
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e B m :/nnn.‘ The ¢ ‘A,".l) reactor was operated at a

1 the as-synthesized CNTs was purified with 100 mL
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_~roperties to determine its surface area, mor hc;l ey elememial e oot demmy‘ine
: f‘,‘-.‘.‘.:‘;- Emmett Teller (BET), Scanning El’ectroﬁ valic;gr;c)),/elemCntal CU“‘P?“”"‘? i cecopy (e L
1:h Resolution Transmission Electron Microscope (}{SIC{("}I;Z)II\//I)Erz'zri}"liD\'ISFCr:?}m‘\ fz?edmgcppy he oration o
e-continuous strand of CNTs formation while the HRTEM <ho»§s Lth ehy'll ‘L .ot 6 € it
lls formation. The results obtained showed that F- h 2 Targer surface e of 7031 /g e

CNTs produced has a larger surfac 97
I : : as a larger surface area of 970.81 m2/¢ tha
~.(NTs .The P-CNTs and F-CNTs were then applied for the removal of Fe (I1) and Cu (I1) from pharmac?utica[;

wastewater. The etfeFt of contact time, dosage of CNTs, and temperature for P-CNTs and F-CNTs were
—vestizated. The optimum conditions for the adsorption of Fe and Cu ions from pharmaceutical \~Ja<{etx'ater

) minutes, 0.4 g and 60 °C respectively with % removal of 7437 for Fe and 79.65 for Cu ions. Fre;undlich
~odels as well as pseudo-second order kinetic best fitted the adsorption of Fe and Cu from the pharmaceutical

czstewater. The result revealed P-CNTs and F-CNTs were effective adsorbents for the removal of selected heavy
—ct2ls from pharmaceutical wastewater. .
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19 INTRODUCTION

Wzter is known to be the most important part of lives and the basic component on earth and it is copsidered as
#e most significance resource for development. The consistent access towards pure and reasonably price Watfr !b
i ogs . . . rw 1 K ae et ai.,
e most reliable goal for civilization, but it remains as the greatest task for 21* century w orldwide, ('\“7::: =
; : : tiaTe rary measures,
2116). The pollution of water by noxious heavy metals is a universal chal.lenge. Co]ntemlf»:) S i s
rstance, purifying, metal plating, mining colors, cadmium-nickel-batteries, metal maXxe
¢ffluents comprising irregular dosage of overwhelming meFal pamctkls. roblems specificallv the nanofiltration, is
‘¢ interest in nanotechnology as a mitigation tool of environmental p : “Oi;) Based on modem technology.
"ficeable for the treatment of drinking water and wastewater (Ali et al, 2 lv;<l‘ "metal, zeolite, polymeric
went research focuses objectively on DAnQACEIEISn nanOﬂdSO"b"g lt\JT “).(‘s‘ombom-qchub, 2015). .
S - G S5) A\~ * avely
“znoadsorbent and nanoadsorbent mainly based on the Carbon nmmtub;f’( Jhene sheets have been extensive i
- - ) e (1-D) < 2 - » llent corrosion
Car . NeS nanotubes (1-D) and g ivity, excellent cormost
-4bon nanostructures such as fullerenes, carbon i tvical/thermal mmiudn’!t,\l_ e e which
‘tudied due to their unique propcrtics such as gooc }u have found a wide range of .11} }l_s_ filtration and
; - - A ) . qu ft
“istance, and enhanced chemical compatibility- Hence, they ‘-[ \pe and conversions catal)
inc| y : ale trocht‘mi(‘al energy StOrds { is also very
‘ude adsorption, polymer composiles, elec l' wastewalter (reatment ..l!ll( : idely resea
0tec . - ‘e »at relevance O Wasitive the widel]
: hnology. Adsorption is of grml' CNTs have so far,
*rbents known in use for adsorption, -
Sorptio '
N purposes. | f
5 y or
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Urifiea s ) A "NTs were G . valwed
1.f1.cat10n and functionalization of (N ~fied and “m(,‘llon"l/'“
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dsorplion process: The adsorption isofy,
HAsE i tical wastewater wereg

»d in ‘maceu als ."hs"
e stigald d Cu from phﬂl.n ; - f’“e g
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20 DR ot S s "-”""l‘,”.(,“f]{ the CCVD (catalytic chemical vapor dePositi()n)nfhéP ‘
2.1 "‘ of the ,nnl![;\ -;Hm“” o "!'I'P"” b ”J)(? healing rale, reaction lemperature and gas ﬂO ‘he%‘u
7'-3:«.\:1.{';1:“ catalvst “‘,,f "”\ ”vllh(l”(‘«' '..m h |”"-(‘, catalys! was measured and loaded into 5 Wra w_!
'.\ﬁ” I s €1 ( g ol ”"..- b“m;[“hlr q&arlz containing the catalyst was placed at the qua,tz b?"
4-\ | ‘ ‘ ,tg‘l‘rfl'f:ll'ij“\:l‘“ f{_m{“.,-‘,(nlt-“‘I;K"l(“l:c’lé"cvl.) machine was then switched on and heated acte;] er0f§:
20miT ').v..’,;:.:';lvx‘:.A\mm.':l \‘l‘; ‘(:i::l‘,'ll];((n‘\'t‘d (o flow at 20 mL/min after which ;'Jcetyllene £as wag intr, “C/rh: 5
oger gets (¢ . 1\'v“ l‘ ;nlx 1'\'.]‘(“’1(.‘(} reaction temperature of 750,,0(:' foieea = SO 'was 45 Min afteuced ‘( !
o0 mi /i Wi “::‘.ill”;:ul ihe flowrate of the nitrogen gas was adjusted to as 100 ml/min. The Obtajp rwhi(.'. '}

the procursor i ‘\“W{ immediately the reactor got cooled. Using chemical oxidation techniques, the Carbgy
;i e rornoevaed N s .

postt Y ,: (( i impurities were removed using aqueous HNO;.

. J1 as the mels

18 W Jization of carbon nanotubes

15 carried out to prevent nanotube aggregation which can improve Interaction betwe

al groups are introduced on the CNTSs surface, which makes it more disperSe dy
&

ified CNTs were functionalized with Polyethylene

Function
ctionalization W r
olvent matrix. Function
os such as metal particles. The dried pur

Serry
Fun

) ~
and s

the x'mpurih

PEG) and Dimethyl Form
- » DMF. The solvent mixture was stirred for 18 hours at 25 °C and then centr; 3

solution and 100ml of 10 % i “C and
3000 rpm for 10 minutes. After centrifugation, the black solid obtained was washed with distilled Water B

wash water was clear. The remaining black solid was retained after drying in vacuum oven at 120 oC for 1 ho t
lr

2.3 Wastewater Collection _ . ‘
The wastewater used for the adsorption studies was collected follow the immediate discharges from 4
1

pharmaceutical company in Ilorin, Kwara State, Nigeria. The collected sample was corked and kept i , Fidge
or

further analysis.
24 Adsorption Studies

The effects of contact time, adsorbent dosage and temperature on the percentage removal of Fe and Cy ions yg, |
investigated in a batch adsorption process. The concentrations of both ions were determined using AA;

technique. The kinetics, isotherm and the thermodynamic of the adsorption process were then studieq,

3.0 Result and discussion
The scanning electron micrograph of the produced carbon nanotubes for both the as-synthesized ang purifi

MWCNTs are depicted in Figure 1(a-b).
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Fig. 1. SEM micrographs of (a) as-purified (b);)uﬁfied CN ‘
Frc?m Fig 1 (b), the purified CNTs are well arranged and not entan
This is in line with Abdulkareem et al. (2016). There ar.
although that of as-synthesized carbon nanotubes s compacted (Fig.1a)

gled as compared to as-synthesis CNTS, Fig lf
€ presence of long strand tubes of carbon in both & |

N
OnaCQBQ? |

enQy,

aldehyde (DMF). Every five (5g) of oxidized CNTs was mixed with 100y of 20, l)’(cz

o

e L E——

The internal morphological make-up of the as-synth

techrtique and the result is shown in Fig. 2 (a.b). esized axld purified CNTs were determined Vi
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ey

Izgef figcstiig:‘l:it;::i‘)f (al): purified and (b) functionalized CNT
_ on; Fig. 3b, th .
constituents were SigniﬁCafﬂ e elemental composition of carb !
y reduced due to the treatment with PEGon present increased to 88.56%. All oth
) 26%. All other

éﬁi ) Adsorption Results
e effect of varying contact ti ves -
fime was st
me was investigated between 10 to 120 min for the ad .
sorption of Fe and Cu. The

T>g 90 j a
- )
e 30 60 -
¥ Fe Cu 5
0 1 ; , °\° 30 h -—_Fe _—Cu
| 0 50 100 o -
L Contact time ¢ s 100
Fig. 4. Effect cont - contact time (min)
act time on the Fe and Cu removal using (@) purified CNTs and (b) functionalized CNTS-
Cu for puriﬁed CNT and the functionalized CNT are shown
f Fe and Cu adsorbed

The
in Fiegfli:t:f contact time on the removal of Fe and
Tom WaSteE;-alz). For purified CNT adsorbent, as the contact tim
feport of Mi h"jr is increased from the various percentage removals O
liquid Jaye shra et al, (2016). The higher adsorption rate is @ functio .
e eff yer of the adsorbate and the surrounding active sites of adsoFbents availabl
ect of adsorbent dosage on the percentage removal was investigated and the rest

eis increased, the amount O

s of both Fe and Cu. This
n of concentration gradient between the
e for adsorption of metal ions.

It is shown in Figure 5-

correlates with the
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ey ) there is increase in adsorption capacity of thC' 2 éorth ’rcentage re o e1nt s €Sy
o Figure 8 (a-b), theress SRS ~ke place. The cessation in the pe moval of m i, £
roim Pt o sites for acdsorption (o take pla eltalg be iy

ywerlapping of sorption sites due to excess of adsorbent particles (Mis
ange of initial metal concentrations,
lation with the report of (Qiang et al, 2017).

age removal of Fe and Cu is depicted in Figure 6.
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area of achiv
- 1 . T3
the metal removal is associateq Wi‘“a‘;

equilibrium is associated \\'f[l.l .tl.u‘, (A
2010). [t umplies thal ti{l a L.‘cx.l‘u}] I :
soil sorption capacity. T his 1s 10 (.Ol'l:(_ :
The effect of temperature on the percen
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Fig. 6. Effect of temperature on the Fe and C i : .
From Fig 6, it was observed that increase in temperature from 30°C to 70°C resulted in an increage in
|3

percentage removal of both Fe and Cu from the pharmaceutical wastewater, that is, temperature varjeg direcy); |
with % removal of the metals. However, 60°C is the optimum temperature because the most % remova of up |
for Fe and 79.65 for Cu are achieved at this temperature. First, increasing the temperature increases the rat, E
diffusion of the metal ions from the bulk of the solution to the bulk of the adsorbent. Second, the incresge c'%
temperature increases the ionization of the function groups (adsorption active sites) which increases their activin
towards the adsorption of from the solution (Badawi et al, 2017). '

32 Adsorption isotherm
Tablel: Isotherm parameters for adsorption of heavy metals onto P-CNTs and F-CNTs

Isotherm P-CNTs E-CNTS |
Fe Cu Fe Cu

Langmuir [

Ki (min-1) 0.040906 0.80625 0.37043 0.8591

Qm(mg/g) 66.67 1.1325 5.05817 7.2294

R? 0.730 | 0.828 0.902 0.5635

The R? values of Langmuir isotherms are
gotten to be 0.73
0.5635 for Fe and Cu functionalized CNT. 0 and 0.828 for

fit of the isotherm parameter. As such La

isotherm parameters for the gmuir 1 not a best fit for i

adsorption of Fe and Cu onto P-CNTs and F-CNT
- s.
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Jabrke 22 1sotherm parameters for th
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e e e e
.

pemutr and Freundlich models w

sir o= ere also studi T g
sion capacity. The correl : studied for use in ads

,nrp'li(m to determine which model has the best
hy fitting, the experimental equilibrium data fo
llﬂ(lllf'h isotherms, and are presented in Table(] ancrl
as seen from the high valuc:(:)rfpll{l;);]rt())r; *f“r:‘:‘:“(‘; ilonk; S oot i
¢ ‘reundlich table compared to Langmuir

1
dsor] ation coefficier
g o SoF s were calculate
e varous me tal ions system using both 1 feoreh ””Lm o
‘ Y respectively, T o Amgmuir and Fre
- ple 2 respectively. These results clearly s
able 2 ‘ : sulls clearly show that the ad
well with the Freundlich model ) ‘
which 18 much lower,

v other Freundlich consta is ¢

he o stant, n, is a measure of tl iati

: . » N, 18 i 1e deviation of the ad i i i

I S iy, S o e e adsorption from linearity. i
aqual ¢ ble ’1 3 _f‘lil-“ﬂrpl;on is lincar. If the value of n is below unity, it implies that the 1):1 o lhtc Sy
1 vourable, and if the value e . . = , 5 the adsorption process i
it \l pivdn b W(hilcl}(1 (;f n 1]5»] ‘?bove unity, adsorption is favorable. The n value of the Freuidlicl?modjlliz

275 _;ki<0rption ;0£6q< n xfre a in the range of 1 to 10. This is a criteria required for the freundlich model to
it the ads process. The fact that the Freundlich model is a good fit to the experimental adsorption d
cuggests good and high physical adsorption. phion ot
33 Adsorption kinetics

» 3: Table 4.6: Kinetic Pa i i

Table 3 arameters for adsorption of selected heavy metal ion on P-CNTs and F-CNTs.

xinetic Parameters P-CNTs F-CNTS
Fe Cu Fe Cu

peeudo first order

K,(min™) 0.0279 0.0149 0.0023 0.0111
g{mg/g) 14.5814 0.1508 0.3399 0.2726
R? 0.7885 0.2452 0.0029 0.3608
peeudo second order

K; 0.0003 0.0037 0.0003 0.0112
a(mg/g) 147.059 11.3766 3.9793 93.09
R 0.9316 0.9316 0.9536 0.9957

m the analysis did not fit the pseudo-first order
arameters is lower than 0.999. In this pseudo-
al to the difference between the maximum
adsorption in a first order at the

From the Table 3, it could be observed that the results obtained fro
w2t law, because the coefficient correlation (R?) values for all the p

order, the rate of adsorption was assumed to be proportion
(ge) and adsorption at any time (qt) of the

zdsorption capacity at equilibrium
initial reaction stage.
When the results were subjected to the ps

coefficient value (R?) for most of the parameters stu . ‘
- e Qe » adsorption syst
freatment fit the pseudo-second order rate kinetics. This suggest that the adsory limiting step may be

I ' ion that the rate
reaction and that the pseudo-5e(~ond order model, 1s based on the assumpl:n?hC Sk i iy
themical adsorption or chemisorptions involving covalence forces throug . 8

(NT adsorbent and the adsorbate.

34 Thermodynamics studies

The thermodynamic ﬁéramelcrs of the adsorp
Table 4,

eudo-second order rate kinetics it was observed t.hat' thf:‘ cor;elat:gn
died was higher than 0.9, this is an mdxcanor}' that the
: em is not a first order

< & n
‘ ) . :
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>

. and F-CNTs
L . 2dsorption on P-CNTs
‘ y Paramelers of heavy ‘]],(t.l:!l—tﬂn;\-]‘sgnr— AG Adsorbents
"dl‘l(‘ 1 »[-I](r[:l?|(\({)'[].lll}”)( Wikl Al ”/”]”]_'\) (](][]]()l"l)
T e, Temp (K
Adworbate

(kJmol )

TR PCNTs
5 A0 -7.0050
0 03 81042
L5 29,2033
-10.302

P

4240 09921 P-CNTs
-1.8161
=2.6401
-3.4641
¢ -4.,2882
34 7,03 143.09 -6.3204 F-CNTs
{3 o -7.7573
-9.1882
-10.619
o 112,050

. _ —

e

. 03 80.95 269.71 07736 F-CNTs
| 313 -3.4700

3 -6.1675

--8.865
3 : -11.562

e

From Table 4, the values of AG are all negative. This implies that the adsorption process oca.lrr.ed 5p0ntaneousl n
tlues of AH, however, were positive. This signifies that the sorption proce5§ was em.iotherrruc In nature Wwhich
at heat was absorbed into the system during adsorption. There is also an increase in the degree of disordey)
¢ system as observed from the positive values of AS.
~ Conclusion
The adsorption capacity of purified and functionalized CNTs for the removal of Fe and Cu from PharmaCeuﬁ.:.:
wastewater was investigaled in this study. The synthesized CNTs obtained were purified by acid treatment ..
functionalized with PEG. TEM revealed the crystalline nature 0f F-CNTs was more thermally stable than P-CNTs g |
results revealed that F-CNTs had an improved surface area of 970.81 m?/g than P-CNTs. The CNTs adsorbents we_-;-
emploved in the adsorption of selected heavy metals and other contaminants from pharmaceutica] wastewap,
Optimum adsorption was obtained at adsorbent dose of 0.4 g, 60 °C and equilibrium time for adsorption was achieys:
within 60 min of contact time. The increase in surface area of the nanoadsorbent contributed to its effectiveness i
adsorption process. The kinelic data of Fe and Cu removal were fitted to the pseudo-second order Kinetics an
Freundlich model described the adsorption isotherm. The thermodynamics studies revealed that AG was negative

which implies spontaneity of adsorption process. The results of this study also showed that the values of AS wer |
positive which implies an increase in the disorderliness of th

e system. Finally, a decrease in physicochemical propertis |
of pharmaceutical wastewater was observed due to effectiveness of nanoadsorbents. :
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