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a b s t r a c t
The widespread use of pesticides and insecticides for agricultural and nonagricultural purposes have 
resulted in the presence of their residues in different environmental compartments and remain seri-
ous concern for polluting water bodies after industrial revolution, late 1960s. In this research work, 
carcinogenic insecticide “Pirimicarb” has been remediated from wastewater using an adsorption 
process. Phosphonium-based ionic liquid [P(Cy)3][BF4

–] (PIL) and cellulose acetate supported IL mem-
brane ([CA-P(Cy)3][BF4]–)(CA-PIL) were synthesized and characterized as adsorbents for Pirimicarb 
removal. Results of Fourier-transform infrared spectroscopy and scanning electron microscopy 
confirmed successful preparation of PIL and then incorporation in CA structure. Various param-
eters (concentration, temperature, and adsorbent mass) were analyzed using ultra violet- visible 
spectroscopy under close batch mode of 200 min. Comparison of percentage removal between PIL 
and CA-PIL membrane revealed better adsorption trend by CA-PIL membrane (72%) as compared 
with the prepared PIL (55%). Thermodynamic studies by calculating ΔG, ΔH, and ΔS showed that the 
reaction is an endothermic physiochemical sorption process. Kinetic studies favored pseudo- second-
order Langmuir, Freundlich, and Temkin isotherms.
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1. Introduction

Water pollution due to extensive use of insecticides and 
pesticides is a major environmental concern. Rachel Carson 
(1962) in her book “Silent Spring” has raised the issue of 
pesticide use and its environmental impacts after the Green 
Revolution. Pesticide residues are mostly leached from 
crops, fruits and primarily move from agricultural fields 
and orchards to surface water as direct run-off, careless dis-
posal and equipment washing [1,2]. There is a wide range 
of insecticides including carbamates, organophosphorus, 
pyrethroids use for controlling pests on vegetable crops [3]. 

Pirimicarb is a carcinogen and a common substituent of the 
N-methyl carbamate class of insecticides. Due to the high 
toxicity profile of carbamate, especially Pirimicarb [4] and 
its long-term persistence in the environment [5], the Food 
and Agricultural Organization (FAO) and the World Health 
Organization (WHO) have recommended an acceptable daily 
intake of 0–0.02 mg/kg [6,7].

The design of chemicals and the use of structure–activity 
relationships are essential tools to deliver safer chemicals 
with enhanced technical performance [8,9]. To tackle the 
problems associated with these pollutants is to degrade or 
to adsorb them using membranes, gels or nanoparticles. 
Adsorption contributes positively toward remediation of 
the environment especially by removing different pollutants 
from soil, air, and water ecosystem.
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Various adsorbents have been used to reduce water 
pollution by removing pesticides, that is, zeolites, carbon nano-
tubes, metal organic frameworks, and nanoparticles [10–13].

Ionic liquids (IL) have been used as solvent medium in 
different chemical reactions for environmental remediation 
but very few scientists [14,15] considered them so far. These 
liquids (IL) show unique, diverse, and tunable properties 
comparing with conventional molecular compounds and 
possess better ionic conductivity and very less volatility [16]. 
These are directly linked with green chemistry and clean 
technology field [17] due to their distinctive properties [18] 
and can be applied as adsorbents for the removal of persistent 
organic pollutants.

The room temperature ionic liquids have been synthe-
sized by the addition of IL monomer to fill all the interstitial 
spaces of porous material [19]. This process was also fol-
lowed by etching and cross linking treatment. Results showed 
that there was an increase in surface area (150–220 m2/g). 
Similarly 1-vinyl-3-hexylimidazolium-based ionic liquid and 
vinyl-modified magnetic particles were prepared for extraction 
of organophosphorus pesticides from tea and other drinks. 
Results supported satisfactory recovery of adsorbent (81.4%–
112.6%) with relative standard deviation of 4.5%–11.3% [14].

The research work focuses on synthesis of phospho-
nium-based ionic liquid (PIL) and its cellulose acetate 
supported membrane (CA-PIL membrane) to investigate 
adsorptive behavior of Pirimicarb from orchard wastewater 
District Jehlum, Punjab, Pakistan.

2. Methodology

All reagents used were of analytical grade and were 
purchased from Merck (Germany) and Sigma Alrich (UK).

Synthesis of phosphonium-based ionic liquid

For synthesis of ionic liquid (PIL), tricyclohexyl phosphine 
salt (5 mmol) was added with Boron tetrafluoride complex 
(5 mmol) and toluene (20 mL). The mixture was subjected to 
heating (50°C) with continuous reflux of 24 h. An oily yel-
low solid was formed, indicating a metathesis in reaction. 
The product was condensed in ice bath (2–3 h), followed by 
the addition of triethylamine (10 mL) under vigorous shak-
ing for 4 h. Synthesized product was purified by washing 
with ethyl acetate four to five times. Washed material was 
subjected to drying in vacuum (60°C) for 12 h following the 
methodology from literature [20]. Resultant is formation of 
phosphonium-based ionic liquid ([P(Cy)3][BF4]–). Sample was 
coded as PIL.

2.1. Synthesis of cellulose acetate supported ionic liquid 
membranes

Phase inversion process was used for fabrication. 0.5 g of 
CA was dissolved in 50 mL acetone by continuous stirring at 
room temperature. The CA solution was kept under vacuum 
for a day so that homogenous viscosity is attained [21].

An aliquot of 10 mL of CA solution was added to pre-
pare PIL followed by stirring for 30 min. Viscous syrup was 
fabricated onto glass slide and via phase inversion method 
in distilled water, the membrane was prepared (CA-[P(Cy)3]

[BF4]–). This sample was coded as CA-PIL membrane. The 
BF4 anion was chosen because of its hydrophilic character 
and the commercial availability of the corresponding chem-
ical reactant for CA modification also reported by literature 
[22]. The fabrication results in intermolecular interactions 
between PIL and CA-PIL membrane due to the presence of 
acetyl and hydroxyl group present on surface of CA.

2.2. Batch adsorption experiments

The removal of Pirimicarb (adsorbate) using PIL and 
CA-PIL membrane was studied in close batch mode. Effect of 
various parameters, that is, time (200 min), concentration (3, 
5, and 7 mg/L), and temperature (25°C, 35°C, 50°C, 70°C, and 
100°C), was studied by keeping dose (10 mg) constant. Stock 
solution of adsorbate was prepared in 250 mL ethyl alcohol 
and aliquot of 30, 50, and 70 mL were taken separately in 
100 mL volumetric flasks for studying the effect of varying 
parameters. All experiments were conducted in an applied 
chemistry laboratory and results were characterized using 
UV-vis spectrophotometer (UV-1601-Schimadzu, Japan). The 
percent removal of Pirimicarb from orchards wastewater has 
been studied using the following equation:

%Removal =
−( )

×
C C
C
i t

i

100  (1)

2.3. Kinetic models and isotherms

Different kinetic models (first-order, pseudo-second 
order, and intraparticle diffusion [23]) and isotherms (Langmuir 
[24], Fruendlich [25], and Temkin [26]) were applied to pre-
pare PIL and CA-PIL membrane in order to investigate the 
fitness of experimental data with the predicted one (Eqs. (1)–(6)). 
Linear equations used for kinetic models and isotherms [27] 
are as follows:
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Eq. (2) is first-order equation, where Ct is the concen-
tration of adsorbate with respect to time, K1 is first-order 
constant, t is the time, and Co is initial concentration adsorbed 
at adsorbent surface.

t
q k q

t
qt e e

= +
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2 2  (3)

Eq. (3) is for pseudo-second order, where qt is the amount 
of adsorbate adsorbed with respect to time, qe is the sat-
uration of adsorbent active sites at equilibrium, and k2 is 
pseudo- second order constant.

q B B Ce t e= +Ln Ln  (4)

Eq. (4) is Temkin equation, where B = RT/b, R = 8.314 J/
mol K, T is the absolute temperature (K), b is the constant of 
heat sorption, t is the Temkin isotherm constant (L/g), and Ce 
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is the concentration of Pirimicarb adsorbed on adsorbent till 
equilibrium.

1 1 1
q q b

q C
e t

o e= +  (5)

Eq. (5) is Langmuir equation, where qe is the amount 
adsorbed by adsorbent at equilibrium, qt is the amount 
adsorbed with respect to time, b is the Langmuir constant, 
and qo is the initial concentration.

log log logq k
n

Ce f e= +










1  (6)

where kf is Freundlich constant (L/g) and n is the Freundlich 
exponent (g/L) in Eq. (6).

2.3.1. Intraparticular diffusion model

The rate controlling parameters describe mechanisms 
within intraparticle and membrane diffusion. According to 
Weber and Morris [28], an intraparticle diffusion coefficient 
Kid is given by the equation:

q K t Ct = +id  (7)

where qt is the amount of adsorbate adsorbed with time t, 
Kid is the intraparticular diffusion coefficient, t is the time, 
and C is the concentration of adsorbate used. The plot of qt 
versus t 0.5 represents the initial curve and final linear por-
tion that characterizes the two or more steps in the sorption 
process [29].

3. Characterization

Characterization techniques used were Fourier-transform 
infrared spectrophotometer (FTIR-8400 Shimadzu, Japan) 
and SEM for functional group identification and morphology 
prediction, respectively.

4. Results and discussion

FTIR spectroscopy

PIL are generally more stable [30,31] as compared with 
imidazolium based ILs. Fig. 1 shows the FTIR spectra of PIL 
and CA-PIL; the sharp peaks from 3,210 to 3,132 cm–1 in the 
spectra of PIL are attributed to CH stretching of benzene 
ring. Sharp peaks at 1,579 and 1,505 cm–1 are ascribed to C=C 
stretching of aromatic ring. Peak observed in the range of 
1,385–1,263 cm–1 is assigned to CH in plane bending while 
out of plane bending peak at 901 and 836 cm–1 supported by 
researchers in literature [32]. Two sharp characteristic peaks 
at 1,106 and 1,041 cm–1 are due to BF stretching indicate 
successful binding of BF4 cation with the cyclohexyl phos-
phonium. Furthermore, the comparison of FTIR spectrum of 
PIL with its CA membrane clearly shows the emergence of 
new broad band at 3,350 cm–1 that represents the presence of 
OH vibrations [33] of CA while OH bending can be observed 
at 1,414 cm–1. The sharp peaks appeared at 3,120 and 

2,980 cm–1 are of CH stretching of the benzene and the alkyl 
group, respectively. The peak at 1,650 cm–1 characterizes the 
presence of C=O stretching vibrations while the C–O peak 
of ester linkage of CA is observed at 1,240 cm–1. Other peaks 
represent the PIL incorporation in CA membrane.

Scanning electron microscopy

Scanning electron microscopy (SEM) technique has been 
used to study the surface morphology of synthesized PIL and 
CA-PIL membrane. The SEM image of prestine CA membrane 
was taken from literature [34] (Fig. 2(a)), which showed a 
smooth dense surface before any organic/inorganic addition 
or incorporation. PIL shows fluffy loops like appearance 
[35] indicating successful synthesis [21] of hydrophobic PIL. 
Mostly cellulose-based films, gels, and membranes display 
uneven surface morphology [36]. Fabrication of synthesized 
PIL into membrane resulted into clear morphological change. 
The loop like structure of hydrophobic PIL was changed into 
thin fine water channels like appearance [37] after fabrication 
with CA (see Fig. 2(b)), confirming successful incorporation 
of PIL into CA matrix.

BET surface area analysis

Nitrogen sorption (adsorption–desorption) isotherm 
method has been employed to determine the pore volume. 
Sample was preheated under nitrogen gas flow for >2 h at 
180°C to remove the moisture content before BET analy-
sis. These results showed that synthesized PIL and CA-PIL 
membrane possesses 0.05 and 0.026 cm3/g pore volume with 
BET surface area of 171 and 292 m2/g, respectively, as shown 
in Table 1.

It can be depicted from the graph as shown in Fig. 3 that 
both synthesized adsorbents follows type IV sorption iso-
therm [38], which can be related to monolayer as well as mul-
tilayer sorption phenomenon with type 1 hysteresis loop [39] 
associated with mesoporous material having narrow size 
distribution.

 
Fig. 1. FTIR overlay of PIL and CA-PIL membrane.
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UV-visible spectroscopy

Most commonly used insecticide “Pirimicarb” was 
selected for the removal using batch adsorption experi-
ments on prepared adsorbents PIL and CA-PIL membrane. 
This pesticide is used as insecticide on vegetables and fruits. 

When wet deposition take place it leaches into the soil and 
contaminates underground water. Pirimicarb [40,41] was 
also detected in few crops, indirectly damaging human 
health. Three variables, that is, time, concentration, and tem-
perature, were studied.

A full scan graph of Pirimicarb was measured using 
UV-vis spectrophotometer. Wavelength for Pirimicarb was 
noted at 250 and 316 nm, respectively, as shown in Fig. 4. 
The percentage removal of Pirimicarb onto prepared PIL was 
recorded and calculated using absorbance readings (Beer 
Lambert Law) before and after adsorption process.

Effect of time

Kinetic study plays an important role in the adsorption 
process [42]. Adsorption of Pirimicarb using synthesized PIL 
and CA-PIL membrane was carried out under close batch 
mode of 200 min. First dynamic equilibrium was attained 
near 30 min followed by adsorption, desorption mechanism 
also supported by cited literature [43]. It may be attributed to 
saturation of active sites [7] available on the surface of synthe-
sized adsorbents (PIL and CA-PIL). Maximum removal was 
achieved using CA-PIL membrane up to 72% as compared 
with synthesized PIL (55%) as shown in Fig. 5. The repulsion 
forces between guest molecule on the adsorbent surface and 
in the solution phase result in decrease in adsorption at later 
stages. The high rate of adsorption using CA-PIL membrane 
was due to surface complex mechanism [44] and presence of 
free acetyl group and hydroxyl groups on polymer backbone 
[45]. The maximum removal using CA-PIL membrane was 
also confirmed by the greater surface area of 292 m2/g as com-
pared with PIL having 171 m2/g, respectively, as shown in 
Table 1. Research reported by researchers [46] showed >80% 
Pirimicarb removal after 6 h with only 2.14 ppm recovery 
using photo-degradation method.

Effect of concentration

Batch adsorption studies have been conducted by vary-
ing concentrations at optimum dose (10 mg). Effect of con-
centration was studied to check the efficiency of prepared 
adsorbents for a specific period of time.

Stock solution (10 mg/L) of Pirimicarb was prepared 
in ethanol using 250 mL volumetric flask. Three working 

a

 

b

Fig. 2. (a) SEM image of prestine cellulose acetate and (b) SEM 
image of prepared PIL and CA-PIL membrane.

Table 1
BET surface area analysis of synthesized adsorbents

Properties PIL CA-PIL membrane
BET surface area (m2/g) 171 292
Micropore volume (cm3/g) 0.05 0.03
Micropore area (m2/g) 129 53

 Fig. 3. Nitrogen adsorption isotherms of synthesized PIL and CA-PIL membrane.
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solutions of 3, 5, and 7 mg/L were separately prepared in a 
100 mL beaker to study the effect of varying concentration 
on adsorption capability of prepared adsorbents (PIL and 
CA-PIL membrane). Fig. 6 shows that by increasing con-
centration from 3 to 5 mg/L, adsorption increases and then 
a decrease trend is observed after increasing concentration 
up to 7 mg/L. Maximum removal of 64% was observed at 
5 mg/L by CA-PIL membrane followed by PIL (50%). Pattern 
observed can be discussed with reference to availability of 
many unoccupied sites on adsorbent surface. It can be said 
that as adsorbate concentration increases, the number of 
sites available on the adsorbent surfaces is reduced with 
attainment of saturation point at 5 mg/L (see Fig. 6).

Effect of temperature

The effect of temperature was also studied on prepared 
PIL and CA-PIL membrane. Temperature was varied from 
25°C onward with an interval of 10, 15, 20, and 30, respec-
tively. Fig. 7 shows that as temperature increases from 25°C, 
adsorption increases until 70°C and then a slight decrease 
was observed. It may be due to increase in kinetic energy 
[47]. Similar trend for both prepared adsorbents (PIL and 
CA-PIL membrane) was observed with maximal removal 
at 75°C.

Thermodynamic studies

Different thermodynamic properties, that is, enthalpy 
(ΔH), entropy (ΔS), and Gibb’s free energy change (ΔG), 
are helpful in providing additional information related to 
energies during the temperature-dependent sorption [48]. 
A study was conducted using 5 mg/L adsorbate (Pirimicarb) 
and 10 mg of adsorbents using following equation:

LnK K H
R

S
RTC C = −









 +











∆ ∆  (8)

whereas ΔH, ΔS, and T are the enthalpy, entropy, and tem-
perature (K), respectively, R is the general gas constant 
(8.3143 JK/mol), and Kc is the equilibrium constant.

The plot of ln Kc versus 1/T is almost linear throughout 
temperature range (298–373 K) with regression value of >0.96 
for both adsorbents (PIL and CA-PIL membrane). ΔH and ΔS 
were calculated from linear curve obtained from thermody-
namic Eq. (7). The Gibbs free energy (ΔG) is calculated using 
following equation:

∆ ∆ ∆G H T S= −  (9)

Negative ΔG at different temperatures was recorded for 
both adsorbents (PIL and CA-PIL membrane) as shown in 
Table 2. This negative sign was attributed to spontaneous 
nature of sorption [47,49] but ΔH and ΔS positive values 
were due to endothermic sorption process of pirimicarb 
onto prepared adsorbents and also indicated that sorption 
was entropy driven. The low enthalpy and entropy desig-
nated toward physisorption mechanism without involving 
any disruption within chemical bonding of both adsorbents. 
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Fig. 4. UV-vis spectrum of Pirimicarb adsorption onto IL.

Fig. 6. Percentage removal of Pirimicarb with respect to 
concentration.

 

Fig. 5. Percentage removal of Pirimicarb with respect to time.

 Fig. 7. Percentage removal of Pirimicarb with respect to 
temperature.
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The positive physisorption was corresponding to net gain in 
degree of freedom of sorbed specie.

The small value of ΔG was also the indication of revers-
ible sorption process and can be more favorable [50] for 
desorption studies of prepared PIL and CA-PIL membrane. 
In adsorption process, PIL has played the role of surfactant 
when get supported by CA and lead to micelles formation. 
The predicted physiochemical sorption mechanism revealed 
that in CA-PIL membrane, PIL had formed micellar coating 
due to hydrogen bonding of the anionic part with the CA sur-
face. Pirimicarb may be adsorbed through multitude interac-
tions involving Π–Π* interactions, electrostatic interactions, 
and hydrogen bonding [51].

Isotherms and kinetics

Kinetics predicts the adsorption rate and gives important 
information for designing and modeling the adsorption pro-
cesses [52]. Fitting supported pseudo-second-order reaction 
mechanism [53]. The linear plot of t/qt and t revealed a pos-
itive relation and good agreement between calculated and 
experimental qe values as compared with pseudo-first-order. 
Regression coefficient recorded was also close to unity that 
reflects the physiochemical nature of adsorption process. For 
intraparticle diffusion model, the three regions in the graph 
plot Qt versus t0.5 suggested that the sorption portion under-
went boundary layer, surface as well as intraparticle diffu-
sion phenomenon. The first linear curve was also attributed 
toward external and boundary layer effect while second 

linear curve was defined for diffusion mechanism within 
pores and third curve was designated to equilibrium con-
stant (Kid). The low value of intercept showed lower contri-
bution of the surface sorption in the rate-controlling step as 
shown in  Fig. 8 and Table 3.

Different isothermic models (see Fig. 9) were also applied 
for fitting experimental results in Eqs. (1)–(7). It can be said 
that Langmuir, Freundlich, and Temkin equations were 
seemed to be very good with regression coefficient >0.9 using 
linear regression analysis [54] as shown in Fig. 10.

Table 2
Different kinetic parameters for sorption studies of Pirimicarb onto prepared PIL and CA-PIL membrane

Sample Temp. (K) Kc ΔG (kJ/mol) ΔH = Slope × R ΔS = (Intercept × R)/1,000

PIL 298 19.2 –7.33 22.1 0.035
308 86.9 –11.4
323 43.7 –10.1
348 61.9 –11.9
373 17.8 –8.93

CA-PIL membrane 298 19.5 –7.36 12.1 0.005
308 65.4 –10.7
323 43.7 –10.1
348 140 –14.3
373 27.2 –10.2

 

Fig. 8. Intraparticle diffusion model for PIL and CA-PIL 
membrane.

Table 3
Intraparticle diffusion rate parameter and effective diffusion 
coefficient

Adsorbents Phase 1 Phase 2 Phase 3

Kid C Kid Kid

PIL 0.44 0.16 0.04 0.02
CA-PIL membrane 0.26 0.92 0.02 0.02

 

 

Fig. 9. Adsorption kinetics and isotherms.
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5. Conclusion

Present research work was based on synthesis of PILs 
and membrane using environment-friendly approach. It 
can be concluded from results that synthesized materials 
(PIL and CA-PIL membrane) can act as efficient adsorbents 
for removal of toxic insecticide (Pirimicarb) from waste-
water at optimum temperature (70°C) and concentration 
(5 mg/L). Themaximum percentage removal of 71% was 
observed using CA-PIL membrane as compared with PIL 
(55%). Kinetics study favored pseudo-second-order while 
Langmuir, Temkin, and Freundlich isotherms were the best 
fit isotherms for the experimental data. The intraparticu-
lar diffusion model showed that experimental data were 
depended on three steps sorption process. Calculation 
of ΔG, ΔH, and ΔS by thermodynamic studies predicted 
the reaction as an endothermic physiochemical sorption 
process.
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