Bulgarian Chemical Communications, Volume 48, Number3 (pp. 379- 383) 2016

Chromium(V1) removal from water by using polyaniline biocomposites with
Madhuca longifolia and Szygium cumini leaves
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Biocomposites of polyaniline with Madhuca longifolia (PANI/ML) and Szygium cumini (PANI/SC) were
synthesized, characterized and used for batch-wise adsorption of Cr(VI) from water. Optimum conditions for
PANI/ML: 20 min contact time, adsorbent dose 0.3 g in 50 mL solution of Cr(V1), 50° C temperature and pH 2; and for
PANI/SC: 80 min contact time, adsorbent dose 0.1 g in 50 mL solution of Cr(VI), 10° C temperature and pH 5.
Langmuir isotherm shows that chemisorptive monolayer removal of Cr(VI) has occurred on the composite binding
sites. 13.334 mg/g is the maximum adsorption capacity of PANI/ML, in case of PANI/SC it is 4 mg/g. AG® negative
value confirms the feasibility and spontaneity of the adsorption process. Freundlich isotherm tells about
heterogeneously distributed sites and physio-sorptive metal ion removal. For PANI/ML and PANI/SC the constant Kg
values are 0.019 and 0.005, respectively. Results revealed that PANI/ML is a better ecofriendly biocomposite for

Cr(VI) removal from water as compared to PANI/SC.
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INTRODUCTION

In Pakistan uncontrolled industrialization has
become the main cause of environmental
degradation. Industrial effluents which contain
hazardous substances and heavy metals are
disposed either into water bodies or onto open land
directly or indirectly. Through different routes these
hazardous substances enter and disturb the lifecycle
and also cause diseases, e.g, cancer [1]. One of
these toxic substances is chromium which is present
in agqueous systems in trivalent and hexavalent
form. Different industries, for example metal
finishing, pigments, glass, inks, dyes, certain glues
and ceramics use chromium [2]. Heavy metals are
not biodegradable and bring high level toxicity to
the environment [3].

The French chemist Vauquelin discovered
chromium in 1798 [4]. Cr(VI) is more poisonous
than Cr(11) [5]. Cr (VI) compounds are responsible
for many clinical problems. Its retention and
inhalation can cause asthma, nasal septum
perforation, pneumonitis, bronchitis, liver and
larynx inflammation, and bronchogenic carcinoma
[6-8]. For Cr(VI) removal, adsorption on activated
carbon is a very efficient process but it is very
expensive [9]. In the last decades, metal ion
adsorption by conducting polymers as PANI and
polythiophene has been reported [10]. Among
conducting polymers polyaniline (PANI) is very
efficient. Abundant amine and imine groups in it
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can chelate metal ions [8]. In this research work,
polyaniline composites with plant leaves of
Szygium cumini (Jamun) PANI/SC, and Madhuca
longifolia (Mahva) PANI/ML were prepared and
used for Cr(VI) adsorption in batch mode.

EXPERIMENTAL WORK

Instruments used were: Digital balance, Chiller
apparatus Caoran CAN-7000-B, FT-IR
spectrophotometer, atomic absorption
spectrophotometer (Perkin Elmer Aanalyst 100).
Chemicals used were: aniline monomer, anhydrous
ferric chloride, HCI (AnalaR), DMF (PRS Panreac),
acetone (BDH). Aniline was purified by distillation
before use. The middle fraction of the distillate was
collected, kept under nitrogen atmosphere and
stored in a refrigerator. Aniline polymerization was
carried out as already reported [7].

Synthesis of PANI composites with Szygium cumini,
Madhuca longifolia leaves

The composites were prepared in a similar way
as already reported [11] and characterized by
UV/Visible spectroscopy and FT-IR.

Preparation of stock solution and standards for
adsorption studies of Cr (VI):

For a stock solution of 1000 ppm, 2.82 g of
potassium dichromate was dissolved in 1000 ml of
water and further standards were prepared by
dilution.
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ADSORPTION STUDIES

The adsorption studies of Cr(VI) were carried
out in batch mode separately for both composites as
described earlier [7]. The percent removal of
Cr(VI) ions was calculated by:

Adsorption %age = [(Cix-Crin)/Cin] X 100
where Ci, is the initial concentration of Cr(V1), Crin
is Cr(V1) concentration after adsorption.

RESULTS AND DISCUSSION
UV/VISIBLE spectroscopic analysis

PANI and its composites were analyzed after
dissolution in dimethyl formamide and their spectra
were taken. The Amax Of PANI and its composites
are given in Table 1. Absorption at Amaxa 330 nm is
due to a = — 7* transition of aniline in the benzenoid
ring [11]. Absorption at 645 nm is due to an
excitonic transition of benzenoid to quinonoid ring.
Presence of two peaks in the UV/Vis spectra shows
that two non equivalent rings, benzenoid and
quinonoid, are present in the polymer chain.

FT-IR Characterization

FT-IR was used to characterize PANI and its
composites (PANI/ML, PANI/SC) and relevant
peaks are given in Table 2 [12]. By comparing the
FT-IR spectra of PANI and its composites
(PANI/ML, PANI/SC) it was observed that the

Table 1. Amax of PANI and its composites

band (due to amino group (N-H) [13] stretching
frequency) for PANI at 3431 cm™ is shifted to 3425
cm?® in case of PANI/ML and PANI/SC. The
absorption band at 1571 cm is due to benzenoid to
quinonoid rings nitrogen bond, because of
benzenoid to quinonoid transition. In case of
PANI/ML it is shifted to 1584 cm™ and in case of
PANI/SC - to 1575 cm™. Peaks due to secondary
amine stretching [14] are shifted from 1293 cm™
(PANI) to 1288 cm?® (PANI/ML) and 1266 cm*
(PANI/SC). Bands in the range of 1571-1116 cm
are due to the conductive nature of PANI.

CONDUCTIVITY MEASUREMENTS

The conductivity of PANI and its composites
was measured by the Four Probe Method using
Keithley 4200-SCS. The conductivity of polymers
depends upon their size, type of monomer, doping
level, shape, and interaction between filler
molecules. Temperature dependent conductivity
measurements were carried out with the samples at
room temperature. Results in Table 3 show that
PANI/ML is less conductive than PANI/SC. Its
lower conductivity is due to the poorer connectivity
between grinded leaves and polymer due to which
its compactness and packing density decrease,
because of the presence of chains of polymer not
supported by leave particles, so conductivity also
decreases [11].

xmaxl

7\fmax2

Sample Absorbance Absorbance
(nm) (nm)
PANI 330 0.376 645 .285
PANI/SC 330 0.373 635 227
PANI/ML 325 0.327 645 169
Table 2. FT-IR analysis of PANI and its composites
Vibrational Reference PANI PANI/ML PANI/SC
Assi absorption band 1 1 1
ssignment (cm ) (cm™) (cm™) (cm™)
N-H Stretching 3426 3431 3425 3425
N=Q=N 1577 1571 1583 1575
N=B=N 1489 1493 1499 1499
-C=N Stretching 1295 1293 1288 1266
Aromatic C-N-C 1121 1116 1132 1132
Table 3. Conductivity, resistivity and thickness of PANI and its composites.
Sr. Samples Thickness Resistivity Conductivity
No. (cm) (Q) (S/cm)
1. PANI 0.014 60.3613 16.5669 x 103
2. PANI/ML 0.0172 1.6495x10° 606.2393 x 106
3. PANI/SC 0.0188 76.42753 1.3084x 1072
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Fig.1. I-V Plots by PANI and its composites.
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Fig.2. Comparison of conductivity of PANI and its
composites.

BATCH ADSORPTION EXPERIMENTS
ADSORBENT DOSE

The effect of various adsorbent doses was
studied for the percent removal of Cr(VI) metal.
The results are given in Fig.3. The maximum
percent removal of Cr (V1) was observed with 0.1 g
of PANI/SC (89.52% removal) and 0.3 g of
PANI/ML (91.03% removal). The results revealed
that preventing the PANI/ML particles from
aggregation and exposing Cr(VI) towards available
active sites for adsorption showed greater
efficiency in its removal. In case of PANI/ML
adsorption firstly increases and then decreases
because of adsorbent particles coagulation, due to
which the number of sites available for adsorption
decreases [12].

CONTACT TIME

Adsorption phenomenon is time dependent. The
effect of different time intervals on the percent
removal of Cr (VI) by PANI/ML and PANI/SC was
observed. Results are shown in Fig.4. The
maximum percent removal value was 82 % for
PANI/SC composite for 80 min, and 88.236 % for
PANI/ML composite for 20 min. The reduced time
interval for maximum removal of Cr(VI) using
PANI/ML composite showed that it has more
adsorption sites which are available for adsorption
of metal ions. After the maximum removal of Cr
(VI), the adsorption decreased with increase in

contact time because all available sites were
occupied [13]. PANI/ML was more appropriate for
removal of Cr (V1) than PANI/SC.

METAL SOLUTION pH

The results of the pH study are shown in Fig.5.
Solution pH is responsible for the type and ionic
state of functional groups present on the sorbing
material and the ionic state of chromium. Cr(VI) is
converted to Cr(lll) in acidic medium, which is
further converted to Cr(OH)?* and Cr(OH).*, that
can interact with -NH, N=Q=N and N=B=N
functional groups of PANI composites [14-18]. The
Cr(VI) adsorption mechanism on the composites
may be an exchange between the CI- and Cr,Or
anions [19,21]. The maximum percent removal
value was 88.666 % for PANI/SC composite at pH
5 and 91.03 % for PANI/ML composite at pH 2.
PANI/ML was more appropriate for removal of
Cr(V1) than PANI/SC.

TEMPERATURE

The adsorption of Cr (VI) was studied at various
temperatures ranging from 10 to 10 C on
PANI/ML and PANI/SC (Fig.6). The maximum
percent removal of Cr(VI) was observed at 10 °C
using PANI/SC and at 50 C using PANI/ML
composite. The percent removal values were
85.655 and 87.161% for PANI/SC and PANI/ML
composites, respectively. The results showed that
PANI/ML was more appropriate for removal of
Cr(VI1) than PANI/SC.

ADSORPTION ISOTHERMS

The Langmuir and Freundlich isotherms for
PANI/ML and PANI/SC are shown in Tables 4 and
5, respectively.

Table 4. Langmuir isothermal parameters

Adsor Slope Intercept R®" gm b AGe R
bent (mg/g) (L/mg) (KJ/mol)

PANI/ML 13.27 0.075 0.91213.334 0.005 -13.1290.7
PANI/SC 13.99 0.250 0.979 4.0 0.017 -10.096 0.5

Table 5. Freundlich isothermal parameters

Adsorbent Slope Intercept R? Ke n

PANI/ML 1.730 1.710 0.853 0.019 0.578
PANI/SC  1.749 2.272 0.862 0.005 0.571

Langmuir isotherm indicated that monolayer
chemisorptive removal of Cr(VI) ions has occurred
on the homogeneously distributed composites’
binding sites [22-24]. It is predominant over the
Freundlich model. This means that chemisorption is
predominant over physisorption, as indicated by the
greater R? value of Langmuir than Freundlich.
Maximum adsorption capacity (gm) values for
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PANI/ML and PANI/SC are 13.34 and 4 mg/g,
respectively.

The negative sign of AG° showed that the
adsorption process is feasible and spontaneous.
Results revealed that PANI/ML shows better
adsorption than PANI/SC, where 'n' and 'K¢' are
Freundlich isotherm constants. 'Kr value was 0.019
and 0.005 for PANI/ML and PANI/SC,
respectively. For Cr(VI) ions the value of 'n' was
0.578 for PANI/SC and 0.571 for PANI/JL.
Separation factor R value is between 0 and 1,
indicating the favorability of this process [23]. At
higher values of ‘n’ the affinity and heterogeneity
of adsorbent sites will be greater.
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Fig. 3. Comparative graph of PANI/ML and
PANI/SC showing the effect of adsorbent dose on the %
adsorption of Cr(VI).
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Fig. 4. Comparative graph of PANI/ML and
PANI/SC showing the effect of contact time on the %
adsorption of Cr(VI).

100

90 A

80 T———————

70
£
£ 60
2 50 —o— PANI/ML
L
& %0 PANI/SC
£

30
20
10

0

1 2 3 4 5 6 7 8
pH

Fig. 5. Comparative graph of PANI/ML and
PANI/SC showing effect of pH on the % adsorption of
Cr(VI).
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PANI/SC showing the effect of temperature on the %
adsorption of Cr(V1).

CONCLUSIONS

Polyaniline composites PANI/ML and PANI/SC
were synthesized, characterized and wused as
adsorbents for Cr(VI) removal from water. It was
observed that PANI composite formation enhanced
the adsorption capacity due to morphology
modification and prevention of polyaniline particles
aggregation. The batch experiments showed that
Langmuir adsorption isothermal model is better
fitted during adsorption of Cr(VI), which suggested
that chemisorption occurred during removal of
Cr(VI). The negative value of AG® confirmed the
spontaneity and feasibility of the adsorption
process. The observed trend of adsorption is

PANI/ML > PANI/SC.

Results revealed that polyaniline composites
with Syzygium cumini (PANI/SC), and Madhuca
longifolia (PANI/ML) are good adsorbents for
removal of Cr(VI).
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OTCTPAHSIBAHE HA XPOM (VI) OT BOAU C U3ITIOJI3BBAHETO HA TTOJIMAHUJIIMHOBU
BUOKOMIIO3UTHU C JIMCTA OT Madhuca longifolia 1 Szygium cumini

@. Kansaun, P. Pexman™, C. Pacyn, K. Jlnakar
Hucmumym no xumus, Yuusepcumem ua Ilynooca6, Jlaxop-54590, [lakucman
IMoctermna Ha 12 nekemspu, 2014 r.; kopurupana Ha 26 dpepyapu, 2016 r.
(Pesrome)

CunTe3upanu ca GHoKoMmo3uTH OT monuanmnnH ¢ srcra ot Madhuca longifolia (PANI/ML) u Szygium cumini
(PANI/SC). Te ca oxapakTepu3HpaHU W H3MOJ3BaHU 3a nepuoandHa ajacopbuus na Cr(VI) or Boma. OntumanHute
ycmosus 32 PANI/ML ca: konTakTHO Bpeme 20 MuH., 1o3a axcopbent 0.3 r 8 50 mL paszrop wa Cr(VI), 50° C u pH 2.
3a PANI/SC: xonTaktHO Bpeme 80 MuH., 1o3a agcopbent 0.1 r B 50 mL pazreop Ha Cr(VI), 10° C u pH 5. C nomorira
Ha u30TepMaTa Ha JIaHrMroMp € IoKa3aHo, Ye OTCTPAaHSIBAHETO Ha XpOMa CTaBa uYpe3 MOHOMOJIEKYIISIpHA XeMHCOPOIHs
BBPXY aKTUBHHTE IICHTPOBE Ha ajcopOeHTa. MakcumanHuAT ancopOiuoneH kamanuteT Ha PANI/ML e 13.334 mg/g,
nmokaro 3a PANI/SC toit e 4 mg/g. Otpunarennata croiiHocT Ha AG® OTBBpIKIaBa HAASKIHOCTTA H CIOHTAHHOCTTA Ha
agcopOonHus nporec. M3otepmara Ha Freundlich cBunerencTsa 3a XxeTeporeHHO pa3noNIoKeHN aKTHBHH LIEHTPOBE U
¢u3naHOTO OTCTpaHsBaHe Ha MetanHuTe HoHM. CtoitHOcTHTEe Ha KF 32 PANI/ML 1 PANI/SC ca cvotBetHO 0.019 1
0.005. Pesynrature nokassat, ue PANI/ML e exoorudHo mo-mo0bp OHOKOMITO3HT 3a oTcTpansBaHeto Ha Cr(VI) ot
BoAH crpsimo 6uokommosuta PANI/SC.
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