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Abstract

In this, polyacrylamide-stannic arsenate nanocomposite (PA/SANC) ion exchanger has been synthesized using sol-gel
technique. Different instrumental techniques were employed to characterize the PA/SANC. XRD results illustrate semi-
crystalline nature of material. TEM images confirmed that the size of PA/SANC was in nano-range. Nanocomposite have
superior physicochemical properties including ion exchange capacity, elution behavior, effect of eluent concentration,
distribution coefficient (K,), effect of temperature and pH study. PA/SANC have 0.92 meq/g value of ion exchange capacity
as compared to inorganic part (0.39 meq/g). On the basis of K values, it has been found that nanocomposite was highly
selective for Mg(ll) ions (Ky=222.90). PA/SANC was also explored for binary separation of different metal pairs. PA/SANC
degraded 86.22% of sunset yellow under 3 h of solar exposure.
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1 Introduction

In present phase, the evolution of new manufacturing
processes results severe damage to plants, human and
wildlife. Different human activities including agricultural
runoff with excess fertilizers, pesticides, industrial efflu-
ents, construction sites and manure liquid continuously
polluted our water sources [1-3]. Untreated effluent is the
most important cause for the degradation of water sources
and environment. These unwanted materials impart poor
health effects such astyphoid, cholera, smallpox, tubercu-
losis etc. It also affects the urbane area which causes loss
of crop productivity. The industrial waste includes venom-
ous contaminants such as dyes, phenols, pesticides, heavy
metals etc [4, 5].

The presence of heavy metals raises serious threats and
diseases to all over the biosphere. Different heavy metals

lead, aluminium, copper, cadmium, zinc, chromium, nickel,
arsenic, manganese and mercury impart different poison-
ous effects to human health. These are produced in textile
industry, incineration of metals, fungicides, insecticides,
leather tanning industry, metallurgical industries, mining,
automobile emissions, refining of heavy metals, cement
and asbestos industries etc. The long-time exposure of
heavy metals causes breathing problems, throat and lung
irritation, stomach pain, gastrointestinal dysfunction, car-
cinogenic, endocrine disruptor, mutagenic, lung damage
and cancer [6-12].

Also, dyes are the major component of textile industries
and present in effluent streams which symbolize adver-
sarial effects on human and marine life [13, 14]. The inges-
tion of some coloured compounds can impart adverse
health effects including kidneys and liver damage, anemia,
abdominal pain, hypertension, neurological problem etc.
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Both heavy metals and dyes are non-biodegradable, poi-
sonous, carcinogenic and mutagenic in nature. Therefore,
these pollutants should be expelled from water sources
[15-18].

There are numerous methods such as osmosis, filtra-
tion, reverse osmosis, membrane filtration, photocatalysis,
adsorption and ion exchange has been used to treat con-
taminated water. Recently Budnyak et al. [19], has stud-
ied various parameters for the sorption of MB dye and
Uranium(VI) ions by using lignin and mesoporous silca
based hybrid material and they got outstanding results
for the removal of dye. [19, 20].

lon exchange process is widely used for wastewater
treatment due to its low cost. There are two different
forms of ion exchangers such as inorganic and organic ion
exchangers [21-24]. Both ion exchangers possess some
drawbacks like unstable at elevated temperature and
radiations, expensive and impotent to accomplish huge
volume of waste discharges. Therefore, to subjugate the
limitations of organic and inorganic ion exchangers, com-
posite ion exchangers have been introduced. The com-
posite ion exchangers were synthesized by incorporating
organic material into the inorganic part. These materials
show exceptional behavior including chemical, mechani-
cal and thermal strength [25-30].

Organic polymers such as polyaniline, pectin, cellulose,
polystyrene, starch, gelatin, alginate, polyacrylamide etc.
provide extensive number of exchangeable donor sites
with large exterior area. Polyacrylamide is a polymer has
superior water absorbent property and form gel when
mixed with water. It is explored in gel electrophoresis,
contact lenses, thickener and suspending agent. It is non-
toxic, soil conditioner and used in water treatment indus-
try [31].

Sunset yellow (SY) is a orange azo dye with molar mass
of 452.36 g mol ™. Its chemical formula is C,¢H,,N,Na,0,5S,
and IUPAC name is disodium 6-hydroxy-5-[(4-sulfophenyl)
azo]-2-naphthalenesulfonate. It is found from petroleum
based aromatic hydrocarbons. SY is used as food colour-
ing agent in deserts, sauces, candy, snacks, puddings and
sweets, jams, preserved foods and in cosmetics. Exposure
of SY is highly carcinogenic and causes allergic reactions
such as urticaria, swollen skin, headache, watery eyes,
numbness, asthma, cough and sinus attacks [32].

These materials have wide applicability in various
regions including chemical separation, water treatment,
catalyst, antimicrobial activity, fuel cell and sensing. In
recent years, composite materials on nanoscale has been
explored on large scale due to their multifunctional-
ity, specificity and selectivity in different fields [33-36].
An excellent study has been concluded by Kotodyrska
et al. [37], on organic-inorganic hybrid materials for
heavy metal removal. They summarizes various synthesis

SN Applied Sciences

A SPRINGER NATURE journat

strategies and removal of various heavy metal [37]. The
present study includes the synthesis of polyacrylamide-
stannic arsenate nanocomposite (PA/SANC) nanocompos-
ite ion exchanger. Different physicochemical properties of
nanocomposite were studied. PA/SANC was characterized
using SEM, FTIR, TEM, XRD and EDX. On the basis of distri-
bution studies, nanocomposite was explored for the exclu-
sion of Mg?* and binary separations of metal ions were
also attained on column. PA/SANC was explored for the
photocatalytic degradation of sunset yellow (SY).

2 Experimental
2.1 Reagents and instruments

The reagents employed in this work were stannous chlo-
ride (SnCl,-2H,0) sodium arsenate (Na,HAsO,-7H,0),
acryl amide (C3H;NO), sodium chloride (NaCl), sodium
hydroxide (NaOH) and nitric acid (HNO;) procured from
CDH Pvt. Ltd., India. Stock solutions were prepared by
mixing suitable amounts of salts in double distilled water.
The main instruments used were SEM (scanning electron
microscope), TEM (transmission electron microscope), FTIR
(Fourier transform infrared) spectrometer, XRD (X-ray dif-
fraction), EDX (energy dispersive X-ray analysis), magnetic
stirrer and digital electronic balance.

2.2 Preparation of stannic arsenate (SA)

Stannic arsenate (SA) was prepared by mixing 0.2 M stan-
nous chloride and 0.4 M sodium arsenate drop-wise in
definite proportion of 2:1 with constant stirring at temp.
60 °C. The pH of above mixture was set aside between 0
and 1 by adding 0.1 N HNO;. The subsequent mixture was
taken aback for 2 h uninterruptedly. Then the obtained
precipitates were filtered, washed thoroughly with double
distilled water and dried at 60 °C in oven for 24 h [38].

2.3 Synthesis of polyacrylamide-stannic arsenate
nanocomposite (PA/SANC) ion exchanger

PA/SANC ion exchanger was synthesized in two phases
[38, 391. In first, 0.2 M stannous chloride and 0.4 M sodium
arsenate (2:1) were mixed with constant stirring at room
temperature. The pH of resulting mixture was adjusted to
0-1 by adding 0.1 N nitric acid. In the second step, the
1.8 M acryl amide was dissolved in double distilled water
and solution of thick consistency was obtained. Now
pour the slurry of acrylamide in the mixture of stannous
chloride and sodium arsenate. The resultant mixture was
stirred for 2-3 h and kept for digestion with intermit-
tent shaking. Then to eradicate the contaminations, the
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precipitates were filtered and washed with double distilled
water a number of times. The precipitates of PA/SANC thus
obtained were dried at 60 °C in a hot air oven. The desic-
cated precipitates were transformed into H* by adding in
0.1 N HNO; solution for 24 h with occasional shaking. Then
the precipitates were filtered and washed with distilled
water to take out the remaining acid. In this way, different
samples of PA/SANC ion exchanger were synthesized and
the sample with highest IEC value was explored for further
detail study.

2.4 Physicochemical properties
2.4.1 lon exchange capacity (IEC)

To determine the IEC, 1.0 g of PA/SANC in H* form was
taken in glass column and glass wool was fitted at the
end of column. For the complete elution of H* ions, 1 M
sodium nitrate was used at flow rate of 0.5 mL per min.The
collected effluent was titrated with standard solution of
0.1 M sodium hydroxide using phenolphthalein as indica-
tor. The IEC was calculated using the formula as reported
in literature [40].

2.4.2 Effect of eluent concentration

In this, fixed volume of NaNO; with different concentra-
tioni.e.0.2M,04M,0.6M,08M,1.0M,1.2M, 1.4 M and
1.6 M was passed through a column containing 1.0 g of
nanocomposite. The flow rate of the eluent was adjusted
to 0.5 mL per minute. The collected eluent was titrated
against 0.1 M sodium hydroxide using phenolphthalein
as indicator to determine the H* ions eluted out from the
column [40].

2.4.3 Elution behaviour

In this method, sodium nitrate solution of optimum con-
centration was passed through the column with 1.0 g of
PA/SANC for complete elution of H* ions. The effluent was
cumulated in 10.0 mL fraction at a flow rate of 0.5 mL per
minute and titrated against 0.1 M sodium hydroxide using
phenolphthalein as an indicator [40].

2.4.4 Thermal studies

The effect of thermal treatment on ion exchange capac-
ity of PA/SANC was also studied. In this, 1.0 g of PA/SANC
(in H* form) was heated at different temperatures ranged
from 100 to 600 °C in muffle furnace for 1 h. Weight and
color of PA/SANC were observed after cooling at room
temperature and IEC was calculated using standard col-
umn process [40].

2.4.5 pHtitration study

In this, 0.5 g of the PA/SANC (in H* form) were settled in
250 mL flasks containing equimolar solution of alkali metal
chloride and their hydroxide in different volume ratio. The
volume was kept constant at 50 mL and pH of each solution
was observed after 24 h at room temperature till the equi-
librium attained [40].

2.4.6 Distribution coefficient studies (Kj)

The distribution coefficient of different metal ions i.e. Ni**,
Co?*, Cd?*, Zn?*,Cu*t, Mg?*, Pb?*, A" was calculated using
batch method. 0.2 g of PA/SANC (in H* form) was put in
20 mL of different metal nitrates solution and kept for 24 h
with continuous shaking at 25+ 2 °C. Then, the metal ions in
the solution before and after equilibrium were determined
by titrating against standard 0.01 M solution of EDTA. The
K4 values were calculated using the formula as given in lit-
erature [41].

2.5 Quantitative separation of metal ions
from synthetic binary mixtures

The quantitative separations of different metal ions were
achieved onto PA/SANC column. The mixture of two dif-
ferent metal ions each with preliminary concentration of
0.1 M were loaded onto PA/SANC column and passed at a
flow rate of 0.2 mL/min. The mixture of metal ions was dis-
seminated two or three times to make sure the complete
absorption of metal ions on PA/SANC. The adsorbed metal
ions were eluted with suitable solvent of required concen-
tration. The effluent was collected in 10 mL fraction at a
flow rate of 0.2 mL per minute and titrated beside 0.01 M
disodium salt of EDTA using different indicators such as PAN
(1-(2-Pyridylazo)-2-naphthol) and EBT (Eriochrome Black T)
[41,42].

2.6 Photocatalytic activity

Photo-catalytic activity of PA/SANC was observed by the
degradation of sunset yellow (SY). The initial concentration
of dye was taken 1x 10~ M and 100 mg of the PA/SANC was
added to form slurry. The slurry was placed in dark for 1 h to
form adsorption desorption equilibrium and the slurry was
bare to sunlight precisely. The effect of photocatalysis of PA/
SANC was studied at different time intervals. The concentra-
tion of dye was determined by UV-visible spectrometer at
480 nm wavelength [43, 44]. The percentage degradation of
SY was calculated by the formula as given

C,—-C
% Degradation = OC—t x 100

(o]
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Table 1 Conditions for the preparation of various samples of PA/
SANC

Sample A (mol/L) B (mol/L) C(mol/L) IEC Yield (9)
no. (mequiv/g)

S-1 2 1 - 0.39 1.0

S-2 2 1 0.4 0.15 1.0

S-3 2 1 0.8 0.45 1.0

S-4 2 1 1.1 0.18 1.3

S-5 2 1 1.4 0.09 1.6

S-6 2 1 1.8 0.92 1.8

S-7 2 1 2.0 0.63 1.8

A: Stannic chloride, B: Sodium arsenate, C: Acrylamide

Where C, and C; are initial and final concentration of dye
at time t=0and t=t respectively.

The band gap of PA/SANC was obtained by tauc rela-
tion as given

ahv = B(hu— Eg)n
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where a is absorption coefficient=2.303 A/l, E;=optical
band gap, B=band tailing parameter, hv=photon energy,
n=1/2 for direct band gap.

3 Results and discussion

Seven different samples of PA/SANC ion exchanger were
prepared by varying the amount of acrylamide as shown
in Table 1. Sample S-6 has maximum value of ion exchange
capacity i.e. 0.92 mequiv/g at 1.8 M concentration and
explored for further studies. PA/SANC have enhanced ion
exchange capacity (0.92 mequiv/g) as compared to its inor-
ganic counterpart (0.39 mequiv/g). Higher ion exchange
capacity of PA/SANC was due to incorporation of acrylamide
with stannic arsenate which accommodate the large surface
area for the accretion of numerous multiple donor sites [40].

Effect of eluent concentration illustrates that value of
IEC varies with the concentration of eluent as depicted in
Fig. 1a. The highest IEC was found at 2.4 M sodium nitrate
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Fig. 1 a Effect of eluent concentration on ion exchange capacity of PA/SANC, b elution behavior of PA/SANC, ¢ pH-titration curves of PA/

SANC, d Effect of temp. on IEC of PA/SANC
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Fig.2 FTIR spectra of a SA and b PA/SANC ion exchanger

Fig.3 Scanning electron
micrographs a, b SA, ¢, d PA/
SANC ion exchanger

as a result of complete discharge of H* ions from PA/SANC
column. Subsequently, above this concentration of eluent,
IEC becomes almost constant.

Elution behavior for the complete elution of H ions
from PA/SANC column was illustrated in Fig. 1b. It has been
observed that the enhanced elution ratio for PA/SANC was
very fast primarily, 130 mL of 1 M sodium nitrate solution
was required for complete elution of H* ions from PA/
SANC column. The rate of ion exchange is faster initially
and decreases gradually because there were more H* ions
for exchange in beginning.

The pH titration studies of PA/SANC showed the bifunc-
tional character of the synthesized material as shown in
Fig. 1c. It has been noticed that the synthesized material
was indicated as cation exchanger at low pH when no
amount of OH™ ions added. Hence, it was concluded that
at low pH, the weak acidic groups were un-dissociated.
Further, the addition of sodium hydroxide resulting the
above solution to be neutralized with the completion of
ion exchange process. Initially, there was continuing esca-
lation in the titration curve with increased value of pH and
sudden rise found at the end due to complete exchange of
Na* and K* ions [45]. The exchange rate of ions was noticed
fast for H*-K* system in contrast to H*-Na* system.

Figure 1d shows the effect of temperature up to 700 °C
on IEC of PA/SANC. It has been observed that as tempera-
ture rises, there was decrease in IEC because organic part
of PA/SANC get decomposed.
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Fig.4 Energy dispersive X-ray graph of PA/SANC

Fig. 5 Transmission electron
micrograph of PA/SANC

3.1 FTIR analysis shifts to 1714 cm™ was due to C=0 stretching. Peaks

at 1481 cm™" and 755 cm™' corresponds to C-N stretch-
The FTIR spectra of SA and PA/SANC was presented in  ing and metal oxide linkage. Peaks at 2338 cm™' and
Fig. 2a, b. In Fig. 2b, peak at 3063 cm™' showed the O-H 1192 cm™' gets disappeared which authorizes the
vibration of water molecule. The peak at 1621 cm™'

SN Applied Sciences

A SPRINGER NATURE jourmal



SN Applied Sciences (2019) 1:862 | https://doi.org/10.1007/542452-019-0905-6

Research Article

a
4000 -
S 3000
g
:.
S 2000 -
=
&
=
™ 1000 -
A i o
0
T T 1 1 T L T
10 20 30 40 50 60 70 80
20
5000
b
4000
= 3000
&
]
i
Z 2000 -
o
2
=
1000
04
T ¥ T * T T . T ¥ T ¥ T v
10 20 30 40 50 (-] 70 80
20
5000
c

4000 -

8
8

Intensity (a.u.)
2
8

1000

~ L

Fig.6 XRD spectra of a polyacrylamide, b SA, ¢ PA/SANC ion
exchanger

significant interaction among polyacrylamide and stan-
nic arsenate ensuing the formation of PA/SANC [46-49].

3.2 SEM and EDX

Figure 3a, b demonstrates the SEM micrographs of SA with
irregular and rough surface. After the binding of organic
matrix with inorganic precipitate, entire morphology

Table 2 K, values of different metal ions using PA/SANC column in
different solvent system

S.no.  Metalions  Kj(mL/g)
Distilled 0.1NHNO;  0.5NHNO;
Water (DW)
1 Mg** 222.90 210.34 199.23
2 Co?* 192.66 187.24 178.22
3 Cu?* 154.66 150.50 144.44
4 ARt 111.00 100.67 91.82
5 Ni 98.00 95.31 88.84
6 Pb?* 81.00 77.67 73.22
7 cd** 63.33 58.66 49.99
8 Zn? 35.78 33.33 29.38

of PA/SANC was fully transformed in granular surface
as shown in Fig. 3¢, d. Figure 4 demonstrates EDX spec-
trum with different intensity peaks for C, N, O, Cl, Na, Sn,
Cu and As which confirms the formation of PA/SANC ion
exchanger.

3.3 TEM analysis

TEM images of PA/SANC at different magnification has been
presented in Fig. 5a—d. The darker portion was due to incor-
poration of inorganic part into polymer matrix of acrylamide.
Spherical-shaped morphologies has been formed with inter-
stitial spaces which provide the larger exterior area for sorp-
tion of dyes and heavy metals from aqueous system. TEM
micrographs reveal that the particle size of PA/SANC was in
range 50-100 nm which confirms that PA/SANC was a nano
material.

3.4 XRD analysis

Figure 6a-c illustrated the X-ray diffraction pattern of poly-
acrylamide, SA and PA/SANC respectively. Diffractogram
of polyacrylamide shows a broad diffraction hump around
22.8° reveling the amorphous nature of polyacrylamide [50].
The sharp diffraction peaks recognized in the diffrectrogram
of SA as depicted in Fig. 6b. SANC possesses semi-crystalline
nature as concluded from the Fig. 6¢c. The amendment in the
intensities of peaks confirmed the formation of composite
ion exchanger. Moreover, the average particle size has been
calculated from Scherrer equation as given below and it
comes out to be equal to 40 nm which is in accordance with
the TEM results.

— K}’ .
~ pcosh (M
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Table 3 Binary separations of

> Binary mixtures  Amount Amount % Recovery Eluentused Volume of eluent required

(r;qf?,il/;)\?\lscoir:r?i:hca?:;zn loaded found (mg) for elution of metal ions (mL)

column (mg)
Cu? 6.35 5.01 78.74 0.1NHNO; 50
Mg** 243 2.15 88.47 05NHNO; 60
Ni2* 5.86 4.69 80.03 0.1NHNO; 50
Co* 5.89 524 88.96 05NHNO; 70
cd* 11.24 9.02 80.24 0.1NHNO; 50
AR* 2.69 2.33 88.25 0.5NHNO; 60
Co* 5.89 433 73.58 0.1NHNO; 50
Mg** 243 1.98 81.48 05NHNO; 70
cd* 11.24 8.76 78.21 0.1NHNO; 50
Ni%* 5.86 4.88 83.25 0.5NHNO; 60
Pb2* 20.72 17.3 83.49 0.1NHNO; 60
Co* 5.89 534 90.66 0.5NHNO; 70
Pb2* 20.72 16.23 7833 0.1NHNO; 60
Mg** 243 2.16 88.88 0.5NHNO; 70
Zn** 6.53 4.82 73.81 0.1NHNO; 50
cd* 11.24 9.40 83.62 0.5NHNO; 60

Fig.7 a % degradation of SY ool

under solar illumination, b 1004 3

UV-Vis absorption spectra of G i

SY at different irradiation time, 50 / 074 [— omin |

¢ pseudo-first-order kinetics 5 bl e

graph for photodegradation of 8 w0 / | |90 min |
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Where D =Crystallite size (nm), A=0.15406 nm (wave- 3.5 K, values and binary separations

length of the X-Ray sources), K=0.9 (Scherrer constant),

3=FWHM (radian) and 8 = Peak position (radian). Table 2 shows the Ky values of different metal ions
using PA/SANC column in different solvent system. The
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order of K, values were magnesium (222.90) > cobalt
(192.66) > copper (154.66) > aluminum (111) > nickel
(98) >lead (81) > cadmium (63.33) > zinc (35.78). It has been
found that PA/SANC was highly selective for magnesium
ions with high distribution coefficient value. It may be due
to the appropriate size of Mg(ll) with the pores of matrix
and results strong binding of metal cation into the pores
[45].

On the basis of distribution coefficient values, binary
separations of different metal ions has been accomplished
on PA/SANC column as revealed in Table 3. The elution of
different metal ions has been determined by metal-ligand
stability and elution behavior of PA/SANC ion exchanger. It
has been observed that metal ions with smaller values of
distribution coefficient were eluted first on the PA/SANC
column in contrast to the metal ions with higher value of
Kq [45].

3.6 Photo-catalytic activity

The photo-catalytic degradation of sunset yellow was
studied onto PA/SANC. Figure 7a illustrate the % degra-
dation of SY under solar exposure with respect to different
time intervals. It has been found that 86.22% of SY was
degraded within 3 h of solar illumination. When PA/SANC
subjected to solar radiation it absorb the light energy and
may leads to the photoexcitation due to the presence of
tin metal, which ultimately resulted in the formation of
e~ and h* pairs. It is well known that such type of photo-
excitation always lead to the formation of reactive oxy-
gen species (ROS) [51] and responsible for the photode-
grading of dye in case of PA/SANC. ROS attacks the dye
molecule and distort the conjugation which lead to the
degradation. However the time taken for the degradation
of dye was 3 h, which may be due to various factor such
as charge recombination rate, poor light absorption etc.

Figure 7b demonstrated the drop in absorption spectra
of SY in diverse intervals of irradiation time. The adsorption
curves reduced constantly with different time intervals
which specified that PA/SANC degraded dye progressively.

The degradation of SY followed by pseudo first-
order kinetic model was exposed in Fig. 7c. It has been
found that SY has higher value of regression coefficient
(R?=0.973) which results PA/SANC effectively degraded
the dye.

Tauc plot of PA/SANC was shown in Fig. 7d and optical
band gap was calculated by extrapolating the straight
portion of curve between (ahv)? and hv when a=0.The
band gap was 2.72 eV which illustrate that nanocompos-
ite was semiconductor [52].

4 Conclusion

Sol-gel process was employed for the synthesis of PA/
SANC ion exchanger. Different samples of composite was
prepared by varying the quantity of organic part. Sam-
ple, S-6 with higher value of IEC was explored for further
studies. Different characterization techniques like SEM,
TEM, FTIR, XRD and EDX has been used to study differ-
ent aspects of synthesized material. PA/SANC was highly
selective for the removal of magnesium ions with higher
K4 values. Nanocomposite has been used for the binary
separation of metal ions and photodegradation of sunset
yellow. PA/SANC has oncoming applications in environ-
mental remediation especially in waste water treatment.
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