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ABSTRACT

In this work, iron oxide nanoparticles were doped on zeolite A (MZA) for treatment of textile wastewater via
column adsorption studies. The physicochemical parameters of the wastewater were conducted using
standard methods. The effects of bed heights, flow rates and inlet concentrations on the breakthrough curves
were studied to examine the performance of the adsorbent. The column studies revealed that the exhaustion
and breakthrough time increased with increase in bed height while they decreased with increase in flow rates
and inlet concentrations. The maximum adsorption of the chemical parameters was 45.83 %, 53.09 %, 45.50
%, 54.23 %, 49.48 %, 34.63 % for chloride, cyanide, chemical oxygen demand (COD), biological oxygen
demand (BOD), nitrite and total organic carbon (TOC) respectively at 5 cm bed height, 4 ml/min flow rate
and 10 % inlet concentrations. The Thomas model was found to predict the breakthrough of the pollutants
better than Adams-Bohart with high R? values of 0.882-0.978, 0.899-0.984 and 0.876-0.981 for bed height,
flow rate and inlet concentrations accordingly. The presented results show that FeONP-ZA developed is

suitable for textile wastewater.

Keywords: chemical parameters, column studies, MZA, textile wastewater.

1 INTRODUCTION

Textile industry is an important manufacturing process
which involves various stages of dry and wet processes for
the production of fabrics. The wet processes such as
desizing, scouring, bleaching, mercerizing, dyeing and
finishing are of great concern as they pose potential risk to
the ecosystem (Tafesse et al., 2015). As a result of these
aforementioned processes, large amount of wastewater is
generated from textile industries which are not treated prior
to its discharge into the surface water (Elango et al., 2017)
despite the strict legislations by the governments of most
countries. Textile waste waters are highly coloured, salty
and contain non-biodegradable compounds; they are also
high in BOD and COD, which make their treatments
difficult (Tafesse et al., 2015). However, the high cost of
the conventional adsorbent has been identified as one of the
factors responsible for non-compliance to this legislation,
adversely resulting to degradation of water quality. Thus,
developing a low cost adsorbent from local material will be
economical and sustainable alternative for textile
wastewater treatment. This will treat or at least reduce the
pollutants to permissible limits to obtain cleaner water,
thereby: protecting the environment as well as ensuring
healthy lives of human beings and the aquatic lives.

Adsorption has been recognized as a technology in
wastewater treatment and has been successfully employed
by many researchers (Bankole et al., 2017; Yusuf-Alaya,
2014; Dada et al., 2012; Piccin et al., 2011) in that regards
Similarly, nanotechnology has recently revealed high

impacts on society and environment due to their various
industrial applications, especially in water remediation and
treatments (Balamurugan et al., 2014). Iron nanoparticles
just like any other nanoparticles have much larger surface
areas than bulk particles which make them applicable in
water treatments. They can be synthesised and
functionalized using various chemical functional group in
order to increase their affinity towards target compound
(Dhermendra et al., 2008). They have unique properties to
develop high capacity and selective sorbents for metal ions
and anions. Different nanomaterials can help to purify
water through different mechanisms such as adsorption of
pollutants, removal and inactivation of pathogens and
transformation of toxic materials into less toxic materials
(Gholamreza et al., 2014).

However, applying nanoparticles directly might result to
aggregation in aqueous solution which consequently
reduces their efficiencies (Girilal et al., 2015). Thus,
loading nanoparticles within the pores of substrates such as
mesoporous silica. zeolite. ceramics, activated carbon and
chitosan have reported to be efficient in
wastewater/water treatments (Thamilselvi and Radha,
2017). Zeolites have been identified to be a potential
support for due to their well-defined
and microporous cavities (Kaya et al., 2013;
f . 2007 Yamaura and Fungaro, 2013). Thus, doping
ron oxide nanoparticles synthesized from biosynthesis
eaf extract on the surface of synthesised
nt of textile waste water will eliminate
the problem ¢ nanoparticles  agglomeration and
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problem posed by bye-product of
weatment methods.
Seugh scveral works have been conducted on
~ westments using batch adsorption mode
= 21 2017: Yusuf-Alaya, 2014; Dada et al..
= = 2l _2011). however batch mode can only be
“wsermiory scale. Thus, it is paramount to ascertain
mpplcability of  the adsorbents  using
. s mwous  adsorption mode (Tamilselvi and
st 2015) More so, continuous studies can be
4 esement of large volume of wastewater, which has
el and relizble in removal of pollutants from
wassewater (Biswas and Mishra, 2015).
st Serefore focuses on the green synthesis of iron
ssmepericles with mango leaves extract as the
sgeme The synthesized nanoparticles was doped
wrtwee of zeolite A, developed from Ahoko kaolin
e memment of textile wastewater using continuous

‘2 METHODOLOGY
W mmsesals used, the synthesis of the iron oxide

S doped zeolite A (MZA) and the
Semsesumnons have been discussed in our conference

@-Tbrahim ef al., 2018).

w1 51108 AND CHARACTERIZATION OF
Tws TEXTILE WASTEWATER (TWW)

- el wastewater used in this study was collected
W Dimsgee Tie and Dye textile Industry in Ilorin, Kwara
e Mgz The wastewater was analysed based on

- wisoms of standard methods of water and
e analysis at Regional Water Quality Laboratory,
B Mimestry of Water Resources, Minna, Niger State,

Wgemm.  The chemical oxygen demand (COD),
Sesemical oxygen demand (BOD), total dissolved solid

DS, skt the total amount of nitrate, nitrite,
smlipitase phosphate. ammonium, chloride, cyanide and

. Berse wese determined by HACH instruments, USA

e Amenican Public Health Association (APHA, 2017)

: (wher parameters investigated are Turbidity

Mttiey meter); pH (2 multi-parameter analyser C3010):
s comductivity (a multi-parameter analyser 2510B)
e Smedved oxygen (dissolved oxygen meter).

22 CoLuUMN ADSORPTION STUDIES

e ssieme adsorption studies were carried out based on
B wark of Patel and Vashi, 2015 with little modifications.
e sty was carried out with the aid of a glass column of
© » wwermal diameter and a height of about 30 em. The
s swide sanoparticles doped zeolite A (MZA) was
| gl om the glass wool in the column which serves as a
Sempent o prevent it from flowing through the outlet while
= ampwowsed device was used in controlling the flow rate
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of the effluent fre= the tank into the glass column. Various
parameters suc as bed height, flow rate and inlet
concentrations “ere studied at a predetermined interval.
The effects of bed height were studied from 3 cm- 5 cm,
the flow rate from 3 ml/min-5 ml/min while that of inlet
concentration were in the range of 10 %-20 %. All the
experiments were performed with 10 % inletl
concentrations of the wastewater, 4 cm bed height of the
MZA at a flow rate of 4 ml/min except those studies where
bed heights, inlet concentrations and flow rates were
studied accordingly. The initial and final concentrations of
the parameters studied were obtained using HACH
instruments in all cases. The schematic diagram of the
experimental setup is given in the Figure 1

- Tank

- Medical given sel

Lagging

- Gilass column

- Adsorbent
(MZA)

- Cotton wool

- Conical flask

5 8- Retort stand

B L

=

Figure 3.2 Schematic Diagram of the Column Experimental Setup
Figure 1: Schematic Diagram of the Column

Experimental Setup

MATHEMATICAL MODELING OF COLUMN
STUDIES

The various parameters associated with column adsorption
studies were adopted from the work of Shadeera Rouf
(2015) and were calculated as described thus;
Effluent volume V = Qtr (1)
Where the effluent volume in ml is V, Q is the flowrate in
ml/min and t; is the total flow time in min.

The maximum column bed capacity, g for the textile
wastewater concentration and the influent flow rate was
calculated using (2)

2.3

Q t=t
Gmax = Tpo0 t=0TCaddt (2
Gmax 15 the maximum bed capacity in mg; Caq, the

adsorbed pollutants concentration in mg/L. The integral
values were obtained from the area under the plot of Caa
versus time.

The maximum adsorption capacity at the exhaustion time
was calculated using (3);
Qexp = qmu/ m

(3)
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The amount of the MZA in the column in (g) is m.
The total amount of pollutant concentration sent to the
column My (mg) was obtained from (4);

= Eﬂ (4)
1000

Co = The initial concentration of pollutants in mg/I.

The percentage removals of the pollutants were calculated
via (5);

0, | = Tmax

% remova /MTx 100 (5)

2.4  BREAKTHROUGH CURVE MODELLING

The breakthrough curves and times are very important in
column adsorption studies as they are used in defining the
operation and dynamic response of the study (Biswas and
Mishra, 2015). In order to predict the breakthrough data for
the textile wastewater for a successful design of the
adsorption process, the following breakthrough curve
models were used:

Adams-Bohart Models

This model assumes that the rate of adsorption, residual
adsorbent capacity and the adsorbate concentration are
proportional; and are mainly determined by the surface site
of the adsorbents. This model is used in describing the
initial part of the breakthrough curve and can be linearly
expressed (Tamilselvi and Asaithambi, 2015: Trgo et al.,
2011) as (6);

/e, = Kas (€t = NPy ) ®)

Where €, and C; are the initial concentration and
concentration of the wastewater at time { in mg/L
respectively, Ky is the rate constant (Umg.min), N, is the
saturation concentration (mg/L), tis flow time (min), Z is
the bed height of the column (cm) and U, is the superficial
velocity.
Thomas Model

This is the most commonly used breakthrough model and
it is used in calculating the maximum adsorption of the
adsorbates by the adsorbents and the adsorption rate
constant of the adsorption column. This is linearly
expressed (Trgo et al., 201 1) as (7):

C o
In[“/¢. = 1] = Kpy 22 (m — 1) ()
Kryis the rate constant (ml/min.mg), q, is the amount of

pollutants adsorbed per gram of adsorbent (mg/g) and m is
the amount of adsorbent used for the column adsorption

(8). K7y and g, are obtained from the plot of In [C"/Ct = 1]

versus V.

3 RESULTS AND DISCUSSION

3.1 PHYSICOCHEMICAL ANALYSIS OF TEXTILE
WASTEWATER

The physicochemical parameters, heavy metals and

methylene blue analyses (before and after treatment) were

conducted on the local textile wastewater and the results

with their various permissible limits based on WHO/EPA

and NIS are presented in Table il
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According to the presented results in Table 1, the colour,

and turbidity concentration of the textile wastewater was
124620 TCU and 7638 NTU respectively. This is due to the
different types of dyes used in imparting colour to the
fabrics during production (Elango ef al., 2017). Colour is
easily noticed to human eyes even in small amount, which
1s not desirable. Moreover. they alter the photosynthesis in
plants and affect the growth of bacteria (Sanni er al., 2016),
However, after treatment with MZA, the colour reduced to
120 TCU while the turbidity reduced to 75 NTU
respectively. The values of turbidity and colour obtained
after treatment are higher than those sets by
WHO/EPA/NIS (see Table 1) for drinking water. This
might be due to the very high concentrated wastewater
treated and as it is known that the rate of removal of
pollutant also depends on its initial concentrations
(Margata et al., 2013). Nonetheless, the developed
adsorbent removed 99.02 % and 99.9 % % for turbidity and
colour accordingly.
The total dissolved solid of the raw water was 36723 mg/L
which reduced to 500 mg/L; while the electrical
conductivity was 54810 mg/L. and reduced to 860 mg/L
after treatment. These values conformed well to the
standard set by WHQ/EPA /NIS (see Table 1),

TABLE 1:PHYSICOCHEMICAL PARAMETERS OF WATER AT 5
CM BEDHEIGTS, 10 % INLET CONCENTRATIONS AND 4
ML/MIN FLOWRATE

Physicochemical Raw Treatment Standard Standard
Parameters Value with MZA limits limit (NIS)
(WHO/
EPA)
Colour (TCL) 124620 120 20/100 15
pH 11.4 8.5 6.5-8.5/6.5- 6.5-8.5
0.5
TDS (mg/1) 36723 500 1000/~ 500
Conductivity (uS/ 54810 860 /1000 1000
cm)
Dissolved oxygen 2.65 425 - -
(mg/L)
Turbidity (NTU) 7638 75 5.0 5.0
Total alkalinity 16443 380 -400 -
(mg/L)
Nitrate (mg/L) 1804 20.0 50/50 50
Ammonium 276 5 1.3-3.5/0.2- -
(mg/L) 4.0
Chloride (mg/L) 9711 310 2501250 250
Phosphate (mg/L) 113 0.5 -10.5-0.7 -
Cyanide (mg/L) 222 0.01 -0.05 0.01
Fluoride (mg/1.) 226 148 1.5/1.7 ES
Sulphate (mg/L) T 25 5001250 100
COD (mg/L) 31044 36.7 40 -
BOD (mg/L) 6287 235 -/5.0-7.0 -
TOC (mg/L) 2990 20 - 5.0
Carbonate (mg/L) 780 20 - -
Nitrite (mg/1.) 21.9 0.04 3050 0.2
Iron (mg/L) 3.6477 $49 0.3 0.2
Chromium (mg/L) 01240 0.05/0.05 0.05
Nickel (mg/L) 0.0045 0.07/0.02 0.02
Zinc (mg/L) 1.1476 -3 -
Lead (mg/1) 0.0748 0.010.01 0.01
Cadmium (mgT ) 0.5431 0.003 0.005
Copper (mg/L) 2.1347 057 21 2
Manganese 0.0128 -0.2 0.05
(mg/L)
Key: World Health Organization (WHO, 2011),

Environmental Protection Agency (EPA, 2001) , Nigerian
Industrial Standards (NIS, 2007)
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\ ~hemical inorganic parameters studied are nitrate,
w == ammonium, phosphate, cyanide, chloride, fluoride
wn suiohate. The values of nitrite, nitrate and ammonium
21 9 mg/L, 1804 mg/L and 276 mg/L , which were
o 10 0.04 mg/L, 20 mg/L and 3.5 mg/L accordingly.

%s that of sulphate, fluoride, chloride, cyanide. and
shesobate were 7111 mg/L, 225 mg/L, 9711 mg/L, 22.2
+ 1 113 mg/L. which were reduced to 25 mg/L, 1.48

T

—
ke T

H "

mgl mg/L, 0.01 mg/L, 05 mg/L and 25 mg/L
woondingly, after having contact with the developed
wisent i the column., This is evident that the pollutants
e ahie 10 diffuse into the pores of the MZA and did not
g # (Zainal Abadin et al..2017). These values correlated
we' with all the standards, suggesting that the treated water
o s wsed for drinking and other purposes (WHO, 2011,
EPA_2001; NIS, 2007).
The organic contents of the textile wastewater were also
v med before and after passing through the columns and

$e sesults are presented in Table 1. As presented in the
sl the dissolved oxygen, COD, BOD and TOC were
265 mg/l, 31044 mg/L, 6287 mg/L and 2990 mg/L which
sese brought to 4.25 mg/L, 36.7 mg/L, 2.35 mg/L and 20
me'l accordingly. They all conformed to all the standards
vt for the TOC which is slightly above the standard set
s WIS for drinking water as WHO/EPA did not see itasa
Swsor of concern in drinking water. This might be due to
e fact that TOC is the measure of total carbon in organic
—mounds in aqueous system and carbon has the ability to
swem complex molecules with the structural iron present in
% MZA._ thereby making its binding onto the surface of
W7 A not as fast as others (Pouran ef al.,2014).
The heavy metals investigated on the raw textile
sssewater include; Fe, Cr, Ni, Zn, Pb, Cd, Cu and Mn.
Thewe were treated with MZA and the obtained results are
seesented in Table 1. The Fe concentration in the effluent
was 36477 mg/L, which was above all the permissible
=t by WHO/EPA/NIS of the range of 0.2-0.3 mg/L
According to Cadmus ef al., (2018), the concentration of
~om above | mg/L can damage the gills of fishes and the
wwicity depends on the species and size of the fish
Cadmus ef al.. 2018). Thus, consuming these fishes has
wirimental effects on the consumers. However, this was
educed 1o 0.0549 mg/L which conformed well to all the
sandards (WHO, 2011; EPA, 2001; NIS, 2007). The
Cheomium was 0.1240 mg/L which was reduced to a value
“wlow detectable limits (see Table 1). Exposure to
~-omium can cause allergic reactions, nose irritation,
\idney and liver damage and long term effects can lead to
death (Oliveira, 2012).
The copper content of the effluent was 2.1347 mg/L and
< was reduced to 0.0057 mg/L after treatment. Whilst the
~oncentration of lead and cadmium were 0.0748 mg/L and
5431 mg/L respectively which were found to be
ndetected after treatment with MZA. This is an indication
that these metals were completely removed and as such
compared well with the standards. Acute exposure to both
-ad and cadmium causes pulmonary and gastrointestinal
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disease. brain and kidney damages (Mahino er al., 2014;
Oliveira. 2012).

All the heavy metals treated conformed to all the standards
(see Table 1), the efficient removal of these pollutants by
MZA is attributed to the isomorphical substitution of Fe in
the magnetite by these metals. More so, this adsorbent has
octahedral sites at the surface of the crystal structure, which
made binding easier (Uddin, 2017). Therefore, the treated
water can be used for drinking and other domestic
purposes.

EFFECTS OF BEDHEIGHTS ON
BREAKTHROUGH CURVE

3.1.1

The results of effects of bed height on the breakthrough
curves of the chemical parameters are presented in Figure

£y

1 3em  =#=Chloride
0.8 Cyanide
S 06 e Nitrite
-
o041 4 —=COD
0.2 J.Iiu
o @ s BOD
0 500 1000 ~@e OC
Time (min)

Figure 2a: Effect of Bedheight at 3 cm, 10 % inlet
concentration and flowrate of 4 ml/min
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Q_ 0.5 e Nitrite
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Figure 2b: Effect of Bedheight at 4 cm, 10 % inlet
concentration and flowrate of 4ml/min
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0 SOfnl0miR00 2008~ TOC

Figure 2¢: Effect of Bedheight at 3 cm, 10 % inlet
concentration and flowrate of 4 ml/min
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From the presented results, it is evident that increase in bed
height resulted to increase in breakthrough time as well as
exhaustion time. For instance, the breakthrough time and
exhaustion time of chloride, COD, BOD and TOC
increased from 180-300 minutes and 1380-1740 minutes
with increase in bed height from 3 em to 5 cm respectively.
Whilst that of cyanide and nitrite increased from 240-360
minutes and 1200-1560 min respectively for breakthrough
and exhaustion time respectively. It can also be observed
that the chloride, COD, BOD and TOC with higher
concentration reached the breakthrough time earlier than
cyanide and nitrite with lower concentration: this might be
due to the fact that increase in concentration affects the
saturation rate which consequently reduced the
breakthrough time of these pollutants (Rouf and
Nagapadma, 2015). This observation can be attributed to
the fact that increase in bed height gave rise to more contact
between the MZA and the contaminants due to higher
dosage of MZA in the bed. thus, increasing the adsorption
efficiency (Rouf and Nagapadma. 2015: Han et al.. 2009).
The column adsorption data and parameters obtained in the
course of studying the effects of bed height on removal of
chemical parameters and MB are shown in Table 2

TABLE 2.-EXPERIMENTAL DATA OF ( OLUMN STUDIES WITH
RESPECT TO DIFFERENT BED HEIGHTS
=
Prrumsenery | Bberwde CN COD BOD Nitrite TOC
¥ (mg 552 5520 4300 5520
L — DI 43 36 72003.18 13196.08 4253 5137.8
= 4 e 1.6 6000.27 1099.67 354 42815
- Fi
M. (mg) 53604 T2 )6 56 1713629 34704 41 10512 16504.8
% removal 4316 40 69 42.02 38.02 4056 IRk
4cm
¥ (mg) 624 5520 6240 6240 5520 6240
e (Mg) 2677553  62.023 8457539 20187.81 57.06 6047.40
mg 1673.47 388 528596 1261.74 3.57 377.96
an[T,
My (mg) 60596 64 122.54 193714.60 39230.88 120.89 186576
% removal 4419 50.61 43.66 51.46 4720 3241
Sem
V (mg) 6240 5520 6240 6240 5520 6240
Gmax(mg) 3097342 7354 98316.35 23730.01 67.62 7206.6
. 1548.67 3.68 491582 1186.50 338 360.33
Qrzp(-y—)
My (mg) 67588.56 13853 21606620 4375752  136.66 2081040
% removal 4583 53.09 45.50 54.23 49.48 34.63

According to Table 2, increase in bed height resulted to
increase in amount of contaminants adsorbed as well as the
percentage removal in all cases; the percentage removal of
chloride, cyanide, COD, BOD, nitrite, TOC increased from
43.61-45.83 %, 40.69-53.09 %, 42.02-45.50 %, 38.02-
54.23 %, 40.56-49.48 % and 31.13-34.63 % respectively.
This might be due to increase in the quantity of the MZA,
giving rise to more binding sites for adsorption (Lopez-
Cervantes er al., 2018; Han et al., 2009)

3.1.2 EFFECTS OF FLOWRATE ON

BREAKTHROUGH CURVE

The results of effects of flow rate on the breakthrough
curves of the chemical parameters and MB are presented in
Figure 3;
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Figure 3a: Effect of Flow rate at 4 ml/min, 10 %
concentration and bed height of 4cm

5 ml/min

== Chloride
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Figure 3b: Effect of Flow rate at 5 ml/min, 10 %
concentration and bed height of 4cm
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=15600C
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Figure 3c: Effect of Flow rate at 6 ml/min, 10 %
concentration and bed height of 4cm

The results as presented in Figure 3 show that increase in
flow rate consequently brought about decrease in
breakthrough and exhaustion time. The breakthrough time
and exhaustion time of chloride, COD, BOD and TOC
reduced from 240-150 minutes and 1560-1200 min
respectively, when the flow rate was increased from 4
ml/min to 6 ml/min. whilst that of cyanide and nitrite are
300 -150 min and 1380-1020 min. This observation is
attributed to the MZA getting saturated faster as the flow
rate increased (Lopez-Cervantes et al., 2018; Patel and
Vashi, 2015).

The column adsorption data and parameters obtained in the
course of studying the effects of flow rate on removal of
chemical parameters as shown in Table 3:
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TaBLF 3 EXPERIMENTAL DATA OF COLUMN STUDIES WITH

TABLE 4: EXPERIMENTAL DATA OF COLUMN STUDIES WITH

RESPECT TO FLOW RATE RESPECT TO INLET CONCENTRATION
4 ml'min 10 %
*urm—te 1 Chloride CN COD BOD Nitrite TOC Para Chlorid CN oD BOD Nitrit TOC
o 6240 5520 6240 6240 5520 6240 sieter " ¢
— 2677553 620 84575.39 20187.81 57.06 6047 40
. 67347 388 528596 1261.74 357 377.96 L
i Viml) 6240 5520 6240 6240 5520 6240
" (=g 059664 12254 193714.60 30230 88 12089 186576 Gmax(my 26775 62.0 84575. 201878 570 6047
- rmmoeTo 4419 50.61 43,66 5146 47.20 241 1
S mUmin mg 167347 388  5285.96 1261.74 357 377.96
' %00 6000 6900 6900 6000 6500 rrm.(?
-y 253438.63 61.76 68285.73 18950.24 56.64 5955 %
— el il Nea . e R Mp(mg) 605966 1225 1937146 392308 1208 186576
Sl —— 4 4 4 8 9
- =g 670059 127.42 2142036 40157.32 12178 20631 Y% remo 44.19 50.61 43.66 51.46 47.20 3241
il 37 83 48.47 3188 47.19 46.51 28.86 15 %
& mb/min V(ml) 5520 4800 5520 5520 4800 5520
' o 6120 209 7208 T Gnax(me 274630 6242 8624346 207088 5818 61152
. iy 61.5% 67868.23 17080.39 5632 5796 B LT 5 8
. 2 7 52 359 362.25
St 4 Al et L o8 17644 391 53022 120431 364 3822
o 6748725 13586 2235168 452664 12289 21528 P
Soemoval 3693 4583 30.36 3.3 4583 2692 M, (mg) 616451 1225 1859287 398825 1209 131376
5 4 5 1
: - : : ) Y% remo 44.55 5093 46.39 51.92 4811 4655
Wb respect to Table 3, it is evident that increase in flow 20 %
~w= l=¢ 1o subsequent reduction in maximum adsorption of Vigml). A800 4080 4300 4300 090 A
y Gmax(me 279642 6422 90843.19 211430 5860 62214
staminants(Gpmqey). the uptake capacity of the > P
staminants by i mg 32150 3. 188
aminants by MZA(qexp) and percentage removal in all Qe 1747.76  4.01 5677.70  1321.50 66 388.84
== ; .
cascs. 1he percentage removal of chloride, cyamde. COD, My (g 559353 116.8 178813.4 37920 Fi e 12384
200D, nitrite and TOC reduced from 44.16 %, 50,61 %, 5 5 0
e % remo 49.99 5496 5080 55.76 5265 5024

%, 51.46 %, 47.20 %, 32.41 %, 49.40 % to 36.93 %,
2583 %, 3036 %, 37.73 %, 45.83 % and 2692 %
-tively with increase in flow rate from 4 ml/min to 6
= mn This is because as the flow rate increase, the mass
wamsfer rates also increase which consequently lead to
“wster saturation of the MZA. Similar effect was observed
= luerature (Lopez-Cervantes er al., 2018; Han et al.,

0

3

313 EFFECTS OF INLET CONCENTRATIONS
ON THE BREAKTHROUGH CURVE

sccording to the presented results, the breakthrough time
and exhaustion time of the pollutants reduced with increase
= the inlet concentrations of the textile wastewater. The
sreakthrough time and exhaustion time of chloride, COD,
BOD. TOC reduced from 240-150 min and 1560-1200 min
accordingly when the inlet concentration was increased
from 10 % to 20 %. Whilst that of cyanide and nitrite
decrease from 300 min to 180 min, in order to attain the
breakthrough; and 1380-1200 min to get exhausted. These
results demonstrated that the breakthrough time and
saturation rate are greatly influenced by change in
concentration (Chowdhurry et al., 2013). This is because of
more active sites coverage as the concentration increased
which consequently increase the rate of exhaustion. More
so. more volume of effluent can be treated with decrease in
inlet concentration as a result of slower transport of mass
transfer reduction (Lopez-Cervantes et al., 2018). The
column adsorption parameters are presented in Table 4;
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With respect to Table 4.29, it can be deduced values of
Gmax @nd Qeyp increased as the initial concentration
increased in all cases. However, the volume of effluent
reduced with increase in concentration. This is due to the
faster transport of molecules as the concentration increased
resulting to treatment of less effluent (Han et al., 2009).

3.2 MODELING OF COLUMN ADSORPTION
STUDIES

Three models (Adams-Bohart, Thomas and Yoon-Nelson)
were used in studying the column adsorption behaviour
through the estimation of the kinetic model of the column
as well as the breakthrough curve.

3.21 ADAMS-BOHART MODEL

The initial part of breakthrough curve was investigated
through the application of Adams-Bohart model to
experimental data. Using linear regression analysis on the
breakthrough curves, the values of Kinetic constants Ky
and maximum adsorption capacity N, were estimated and
presented in Tables 5-7. According to Table 5, there was
no substantial changes in the values of Kz when the bed
depth was increased from 3-5 cm, however the values of
N, decreased with increase in bed height in all cases. The
N, values of chloride, cyanide, COD, BOD, nitrite and
TOC from 3-5 ecm are 1902.32-1454.47 mg/L, 3.66-2.97
mg/L, 5960.55-4551.53 mg/L, 1172.41-1016.02 mg/L,
3.61-2.93 mg/L and 600.09-467.23 mg/L respectively. In
addition, the K, (see Table 6) for chloride, cyanide, COD
increased with increase in flow rate while that of BOD,
TOC. decreased and no significant change in the value of
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Kyap for nitrite. Nonetheless, the N, values increased in al]
cases with increase in flow rate as presented in Table 6.
Furthermore, the values of Kyp reduced with increase in
concentration while that of N, increased when the
concentration was increased from 10 % to 20 % as shown
in Table 7. It can be observed from these results that the
N, increased with increase in flow rates and concentrations,
while it decreased with bed height. This is because N, is
also related to saturation concentration (Biswas and
Mishra, 2015) and as such observation is expected.
Although, Adams-Bohart model is based on assumption
that the equilibrium is instantaneous and the adsorption rate
is proportional to adsorption capacity remaining on the
adsorbents (Tamilselvi and Asaithambi, 2015: Trgo et al.,
2011). However, this model cannot be used to describe the
experimental data in the present study due to the low R2
(0.550-0.878) values obtained in all cases.

TABLE 5: ADAMS BOHART PARAMETERS AT BEDHEIGHTS OF
3-5CM, 10 % INITIAL CONCENTRATION AND FLOWRATE OF 4
ML/MIN

2 5 2
Contaminants K p( L Jirsiiy N, (mg/L) R
m

Jem

Chloride 34x10+ 1902.32 0.649
Cyamide 1.85x10 3.66 0.689
COD 1.13x10+ 5960.55 0.622
BOD 5.73x10¢ 1172.41 0.572
Nurite 1.87x10 361 0.691
TOX 7.69x10* 600.09 0.764
4em

Chlonde 33x10* 159328 0.674
Cyanide 1.71x10 332 0.754
Cob 1.03x10* 5120.55 0.623
BOD 5.25x10* 1077.13 0.641
Nitrite 1.83x10" 324 0.729
TOC 7.69x10* 507.50 0.755
Sem

Chloride 2.99x10° 1454 47 0.692
Cyanide 1.71x10" 2,97 0.693
COD 1.00x10+ 4561.53 0.632
BOD 5.09x10+ 1016.02 0.616
Nitrite 1.69x10" 2.93 0.724

TOC 7.79x10 457.23 0.705

TABLE 6: : ADAMS-BOHART PARAMETERS AT FLOW RATES
OF 4-6 ML/MIN, 109 INITIAL CONCENTRATION AND BED
HEIGHT OF 4 CM

. 2

Contaminants K,B(-L—/min) N, (mg/L) R
m

4 ml/min
Chloride 3.3x10° 159328 0.679
Cyanide 1.71x10" 3.32 0.754
COoD 1.03x10~ 5120.55 0.623
BOD 5.25x107 1077.13 0.641
Nitrite 1.83x10"! 324 0.729
TOC 7.69x10+ 507.50 0.755
5 ml/min
Chloride 3.09x10" 1709.15 0.568
Cyanide 1.40x10" 3.79 0.844
COD 8.05x107 5434.79 0.550
BOD 5.40x10* 1168.39 0.681
Nitrite 1.69x10"! 3.54 0.801
TOC 7.36x10* 559,11 0.720
6 ml/min
Chloride 3.09x10* 1826.30 0.624

40

Cyanide 1.58x10 3.81 0.825
COoD 9.34x10* 5630.67 0.605
BOD 5.56x10* 1150.17 0.614
Nitrite 1.83x10 2.66 0.755
TOC 8.03x10% 571.63 0.734

TABLE 7 ADAMS-BOHART PARAME I'ERS AT INITIAL
CONCENTRATION OF 10-20% , FLOW RATE OF 4 ML/MIN A
BED HEIGHT OF 4 CM

= : 7

Contaminants KAB(-L—/min} N, (mg/L) R
m,
10 %
Chloride 33x104 159328 0.679
Cyanide 1.71x10"! 332 0.754
COD 1.03x10" 5120.55 0.623
BOD 5.25x10+ 1077.13 0.641
Nitrite 1.83x10" 324 0.729
TOC 7.69x10~ 507.50 0758
15 %
Chloride 3.0x107 1647.75 0.65
Cyanide 1.57x10" 3.40 0.77
COD 9.5x10° 542229 0.636
BOD 4.98x10% 1079.46 0.622
Nitrite 1.59x10" 3.50 0.719
TOC 1.05x10* 52046 0.79
20 %
Chloride 2.83x10° 1663.07 0.649
Cyanide 1.47x10" 344 0.814
COoD 8.32x10°* 5865.56 0.60
BOD 4.68x10* 1084.16 0.653
Nitrite 1.47x10" 3.63 0.756
TOC 1.0x10~ 536.91] 0.798
R
3.2.2 THOMAS MODEL

The column adsorption data was also fitted with the
Thomas model to establish the behaviour of the
contaminants breakthrough with respect to MZA. The

Thomas rate constant K7y and q, were evaluated from the

slope and intercept of plots ofln(g£ — 1) against volume as

presented in Table §-10,

With respect to Table 8, increase in bed height from 3 e¢m
to 5 em, brought a corresponding decrease in the values of
Kry as well as the go- This result is in agreement with that
obtained by Nwabanne and Igbokwe, (2012). On the other
hand, the K, increased while the g, decreased with
increasing flow rates (see Table 9). The K7y reduced, while
the g, increased with increase in inlet concentrations,
These results are in line with literature (Lopez-Cervantes er
al., 2018; Nwabanne and Igbokwe, 2012). The high R?
values (0.882-0.978), (0.899-0.994), (0.876-0.981) for bed
heights, flow rate and inlet concentrations accordingly
shows the provision of good correlation between the
experimental and calculated data. Hence, this model can be
used to predict the breakthrough curve of the pollutants.
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[ ABLE 8: THOMAS PARAMETERS AT DIFFERENT BED
HEIGHTS OF 3-5 CM, 10 % INITIAL CONCENTRATION AND
F1L.OW RATE OF 4 ML/MIN

Contaminants q,(mg/g) R’

” ml
T"(min'm‘q)

3em
Chloride 1.03x107 1352.68 0.933
Cyamde 0.5063 2.79 0.933
(8)) 3.33x10" 4306.01 0913
BOD 1.73x10° 831.95 0.882
Nutrite 0.5151 2,74 0.935
TOX( 2.52x107 385.81 0.967

4cm
hloride 9.1x10™* 1277.34 0.950
yanide 0.4450 2.77 0974
0D 2.90x10° 4045.29 0.920
BOD 1.39x10° 886.26 0.910
Nitnite 0.4749 2.69 0.962
TN 2.31x107 370.88 0.978

Scm
hlonde £.90x10* 1102.78 0.959
vamide 0.4180 2.70 0.941
D 2.85x10™ 3449.04 0.920
BOD 1.37x107 784.09 0916
Nmrie 0.4475 2.44 0.965
TOK 2.27x107° 350.36 0.966

\BLE 9 THOMAS PARAMETERS AT DIFFERENT FLOW RATES

¢ 4.5 MLMIN, 10 % INLET CONCENTRATION AND BED
EMGHT OF 4 CM

2 F]
Centaminants Krn(ﬂ'.l“- i q.(mg/g) R
min

4 ml min
hlonde 9.1x10™ 1277.34 0.950
anide 0.4450 D 0.974
D 2.90x10™ 4045.29 0.920
BOD 1.39x10°7 886.26 0.910
Natrite 0.4749 2,69 0.962
. 2.31x10° 370.88 0.978

£ ml'min
hlonde 1.35x107° 1126.91 0912
amide 0.5495 2.67 0.991
D 3.56x107 3177.76 0.899
2.18x10° 820.38 0.960
0.6370 2.62 0.991
3.53x107 331.92 0.973
1.34x107 976.78 0.934
0.5865 229 0.994
[ 4.09x107 294351 0.910
BOD 2.20x107 569.86 0.934
Natrie 0.6493 2.30 0.974
TOX 3.73x10° 282.65 0.969

TABLE 10: THOMAS PARAMETERS AT DIFFERENT INLET

NCENTRATIONS OF 10 %-20 %, FLOW RATE OF 4 ML/MIN

WD BED HEIGHT OF 4 CM

BOD
Nitrite
TOC

20 %
Chloride
Cyamide
CcOD
BOD
Nitrite
TOC

1.21x107° 950.05 0.886
0.3970 2.96 0.950
2.85x107 39325 0.981
7.1x10% 1374.12 0.916
0.316 327 0.965
2.3x10" 4430.82 0.878
1.06x10° 996.97 0.879
0.362 3.02 0.961
2.63x10° 412.17 0.981

smtaminan ml 2
C b B (o m 4) q,(mg/g) R
9%
hloride 9.1x10™ 1277.34 0.950
vamde 0.4450 279 0.974
D 2.90x107 4045.29 0.920
BOD 1.39x107 886.26 0.910
Natrite 0.4749 2,69 0.962
TOC 2.31x10° 370.8% 0.978
15 ..
hlonde 7.99x10 1363 0.929
Cyamde 0.367 3.08 0.965
0D 2.68x107 4166.89 0.917

41

4 CONCLUSION

In the studies, iron oxide nanoparticles synthesized using
mango leal extract as a reducing agent was doped on zeolite
A and used for treatment of textile wastewater, the
following were deduced:

Biosynthesis of iron nanoparticles was carried out
with mango leaf extract as a reducing agent and
the synthesized FeONPs was doped onto the
surface of zeolite A to produce Nano adsorbents
(MZA) for textile wastewater treatment via
column studies.

The column studies showed that the exhaustion
and breakthrough time were influenced by
increase in bed height, flow rates and inlet
concentrations; and the breakthrough time and
exhaustion time increased with increase in bed
height while they decreased with increase in flow
rates and inlet concentrations. The percentage
removal of chemical parameters increased with
increase in bed heights and inlet concentrations
and decreased with increase in flow rates. The
maximum adsorptions of the chemical parameters
by MZA are 45.83%, 53.09 %, 45.50 %. 54.23 %,
49 .48 % and 34.63 % for chloride, cyanide, COD,
BOD, Nitrite and TOC accordingly, at 5 cm bed
heights, 4ml/min flow rates and 10 % in let
concentrations. The Thomas model was found to
predict the breakthrough of the pollutants better
than Adams-Bohart with R? values (0.882-0.978),
(0.899-0.994), (0.876-0.981) for bed heights, flow
rate and inlet concentrations respectively. This
shows the provision of good correlation between
the experimental and calculated data.

Thus, It can be informed from various analysis conducted
that the developed adsorbent is suitable for textile
wastewater treatments

REFERENCES

Alaya-Tbrahim, S., Kovo, A.S., Abdulkareem, A.S..
Adeniyi, O.D. & Yahya, M.D. (2018). Synthesis and
characterization of magnetic zeolite A for removal of
methylene blue from textile wastewater. A paper
presented at the Nigerian Society of Chemical

Engineers

(NSChE) 48" Annual Conference,



37 International Engineering Conference (IEC 201 9)
Federal University of Technology, Minna, Nigeria

Exhibition & Annual General Meeting, Abeokuta,
Ogun State.

Alfadul, SM. (2007) Using Magnetic Extractants for
Removal of Pollutants from Water via Magnetic
Filtration.  PhD  Dissertation, Oklahoma  State
University, Stillwater

American Public Health Association (APHA), (2017).
Standards methods for the examination of water and
wastewater, American Water Works Association
(AWWA), Water Environment Federation (WEF).
ISBN: 9870875532875

Balamurugan, M., Saravanan, S., & Soga, T. (2014).
Synthesis of iron oxide by using Eucalyptus Globulus
plant extract. Journal of Surface Science &
Nanotechnology 12, 363-367

Bankole, M.T, Abdulkareem, A.S., Tijani, J.O, Ochigbo,
S.S., Afolabi, A.S & Roos, W.D. (2017). Chemical
oxygen demand removal from electroplating
wastewater by purified and polymer functionalized
carbon nanotubes adsorbents. Water Resources and
Industry 18, 33- 50,
http://dx.doi.org/lO.]Ol6/j.wri.2017.07.00]

Biswas, S. & Mishra, U, (2015). Continuous fixed bed
column studies and adsorption modelling; removal of
lead ion from aqeous solution by charcoal originated
from chemical carbonization of rubber wood sawdust.
Journal of Chemistry 2015, 1-9.
doi:10.1155/2015/907379

Cadmus, P, Brinkman, S.F. and May, M.K. (2018).
Chronic toxicity of ferric iron for North American
aquatic organism; derivation of a chronic water quality
criterion using single species and mesocosm data.
Archives  of  Environmental Contaminants — and
Toxicology 74(4), 605-615, doi: 10.1007/500244-018-
0505-2

Chowdbury, 7.7, Zain, S.M., Rashid, A K., Rafique, R.F.
& Khalid, K. (2013). Breakthrough curve analysis for
column dynamics sorption of Mn (I) ions from
Wwastewater using Mangostana garcinia peel based
granular activated carbon. Journal of  Chemistry
2013,1-8. doi: 10.1155/2013/959761

Dada, A.O., Olalekan, A.P., Olatunya, A.M., & Dada, O.
(2012). Langmuir, Freundlich, Temkin, and Dubinin-
Radushkevich Isotherms studies of equilibrium
sorption of Zn?" unto phosphoric acid modified rice

husk. Jowrnal of Applied Chemistry 3(1),38-45.

Retrieved from

42

https://pdfs.semanticsc holar.org/9dad/648925199¢c04
59969c7d3a51b4e895426a9 pdf

Dhermedra K.T., Behari, J. & Prasengt, S., (2008)
Application of nanoparticles in wastewater treatment
World Applied Sciences Journal 3(3). 417-433

Elango, G., Rathika, G. & Elango, S. (2017).
Physicochemical parameters of textile dyeing effluen
and its impact with casestud . International Journal of
Research in C hemistry and Environment 7(1): 17-24
Retrieved on 1% December, 2017 from WWw.ijree.org

Environmental  Protection Agency (EPA) (2001).
Parameters of water quality;  Interpretation and
Standards (pp. 27-116). Ireland P.O. Box 3000.
Johnstown Castle, Co. Wexford, ISBN 1- 84096-01 5-

3

Gholamreza, G., Momenpour, M., Omidi, F., Hosseini.
M.R., Ahani. M. & Barzegari, A. (2014). Application
of nanomaterials in water treatment and environmental
remediation. Frontier of Environmental Science &
Engineering §(4), 471-482, doi:10.1007/s11783-014-
0654-0

Girilal, M., Varghese, A., K & Kalaichelvan, P.T, (2015)
Adsorption of textile dyes using  biogenic silver
nanoparticles modified yeast cells. Scientific Article.
1-8

Han. R., Wang, Y., Zhao, X.. Wang, Y., Xie, F., Cheng, I.,
& tang, M. (2009). Adsorption of methylene blue by
phoenix tree leaf powder in a fixed bed column
experiment and prediction of breakthrough curve
Desalination 245: 284-297.
doi:10.1016/j.desal.2008.07.013

Kaya, EM.O., Ozean, A.S.., Gok. O, Ozean, A, (2013).
Adsorption kinetics and isotherm parameters of
Naphthalene onto Natural and Chemically Modified
Bentonite from Aqeous Solutions. Adsorption 19, 879-
888. http://dx.doi.org/10.1007 s10450-013-9542-3

Lopez-Cervantes, 1. Sanchez-Machado, D.I, Sanchez-
Duarte, R.G., & Correa-Murriata, M.A ., (2018), Study
of a fixed bed column in the adsorption of azo dye
from an ageous medium using a chitosan-
glutaraldehyde biosorbent. Adsorption science and
Technology 36(1-2)

219-232, doi: 10.1177/026361741 6688021

Mahino, F., Nazura, U.. & Hossaini, M. M. (2014). Heavy
metals in aquatic ecosystem emphasising its effect on
tissue bioaccumulation and histopathology: A review.



3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

s of Environmental Science & T echnology 7. 1-
S dor- 103923/jest.2014.1.15

fndusinal Standard (NIS), (2007). Nigerian
et for drinking water quality; NIS SS4: 2007:
% 17 060-20 by Standard Organization of Nigeria
$SONY. 1-29

ez of heavy metals adsorption on fixed bed
wwme Imeernational  Journal of  Environmental
WMesewrces 6 (4): 945-952

% . (2012). Chromium as an environmental
Sssees: Insight on induced plant toxicity. Journal
0 Soseme 20120 1-8, doi: 10.1155/2012/375843

© & Vashi, RT. (2015). Characterization and
Sseme adsorptive treatment for COD & colour
s wsing activated neem leaf powder from textile
wasswaer, Jowrnal of Urban and Environmental
Emgoneering 9(1), 45-53,
W 0 20905uee.2015.v.9n1.04505

IS_ Dotto, G.L., Vierra, MIL.G & Pinto, L.A.A.
200 1) Kinetic and mechanism of the dye FD& C Red
= Seding onto chitosan. Brazilian Journal of
CWemscal Engineering 28(2), 295- 304. Retrieved
o

S wwow repositorio. furg. br/bitstream/handle/1/460
231-

S E. Abdulrahman, A., & Wan Daud, W.M.
20 41 Review on the application of modified iron
WWades as heterogeneous catalyst in Fenton process.
Swwmal  of  Cleaner Production 64, 24-25.
10,1016/ .clepro.2013.09.013

S_ & Nagapadma, (2015). Modelling of fixed bed
“iwme studies for adsorption of azo dye on chitosan
“wweegnated with a cationic surfactant. International
Sswemal of Scientific Engineering Research 6(2): 538-
Ses

. S E_ Adeeyo, O.A., Efeovbokhen, V., Ojewumi,
M. Ayoola, A, & Ogunbiyi, A. (2016). Comparative
#aiyss of adsorption of methylene blue dye using
“on from palm kernel shell activated by different
wovely agents. 3 International Conference on

Ascan Development Issues (CU-ICADI 2016); 176-
181

siess Rouf, MUN. (2015). Modelling of fixed bed
o wmn studies for adsorption of azo dye on chitosan
“woregnated with a cationic surfactant. International
Swrmal of Scientific &Engineering Research 6(2),

43

538-545. Retrieved from WWW.ijser.org
%ZOADSORPTION%ZOISOTHERMS%ZOAND.pdf
7 sequence=1

Tafesse, T.B., Yetemegne, A.K. & Kumar, S. (2015). The
physico-chemical studies of water in Hawassa Textile
Industry. Environmental Analytical Chemistry 2(11),
1-6, http: dx.doi.org/10.4172/2380-2391.1000153

Tamilselvi, S. & Asaithambi, M. (2015). Column studies
adsorption studies of acid dye using a novel adsorbent.
Rasayan Journal of Chemistry 8(1), 84-91. Retrieved
from http://www.rasayanjournal.com

Thamilselvi, V. & Radha, K.V. (2017). Silver
nanoparticles loaded silica adsorbents for wastewater
treatment. Korean Journal of Chemical Engineering
34(6), 1801-1812, doi: 10.1007/511814.017-0075-4

Trgo, M., Medvidovic, N.V & Peric, I. (2011). Application
of Mathematical empirical models to dynamic removal
of lead on natural zeolite clinoptilolites in a fixed
column. Indian Jowrnal of chemical T. echnology 18;
123-131

Uddin, M.K. (2017). A review on the adsorption of heavy
metals by clay minerals with special form with the past
decades. Chemical Engineering Journal 308, 438-462

World Health Organization (WHO) (2011), Guidelines Sfor
drinking water quality (fourth edition) (pp. 120-350).
Geneva, Switzerland. ISBN 978-92-4-15481.5, NLM
Classification;: WA 675, WHO Press

Yamaura, M. & Fungaro, D.A. (2013) Synthesis and
Characterization of Magnetic Adsorbent Prepared by
Magnetite Nanoparticles and Zeolite from Coal Fly
Ash. Journal of Materials Science, 48, 5093-5101.
http://dx.doi.org/10.1007/s10853-013-7297-6

Yusuf- Alaya, S. (2014). Synthesis, intercalation and
characterization of zeolite A for adsorption studies of
methylene blue. A Master’s Thesis, Federal University
of Technology, Minna, Niger state, Nigeria.

Zainal Abidan, A., Abubakar, N.-H.H., Ng, EP., & Tan,
W.L. (2017). Rapid degradation of methylorange by
Ag doped zeolite X in the presence of borohydrides.
Journal of taibah University of Science 11(6), 1070-
1079, doi: 10.1016/.jtusci.2017.06.004



