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Facile Fabrication of a Low-Cost Lignosulfonate–
Graphene Oxide–Polyaniline Ternary Nanocomposite 
for the Highly Efficient Removal of Pb(II) and Cr((VI) 

Ions from Aqueous Solutions
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Department of Chemistry, University of Palestine, Palestine

Introduction
The indiscriminate disposal of non-biodegradable heavy met-

als waste have received a paramount attention to environmental 
chemists due to their toxic nature. Heavy metals are usually pres-
ent in trace amounts in natural waters but many of them are toxic 
even at very low concentrations. Human activities have been found 
to the major contribute to environmental heavy metals pollution 
due to the everyday manufacturing of goods to meet the demands 
of the large population. The most common heavy metals are lead 
Pb(II) ions, generated from both natural and anthropogenic sourc-
es. Lead is widely used as a raw material in industrial production.  

 
Lead ions Pb(II) are often found in lead dyes, refineries, pulp in-
dustries, storage batteries, lead ore smelting, and recycled lead 
industrial wastewater [1]. The presence of Pb(II) in wastewater 
can be absorbed and enriched by aquatic animals and plants and 
then enter the human body through the food chain, thereby posing 
serious damage to the nerves system, cause mental decline, behav-
ioral abnormalities, damage digestive systems, kidneys, and endo-
crine systems of the humans [2-5]. Therefore, new methods must 
be developed for effective and selective removing of (Pb(II)) and 
Cr(VI) ions from wastewater. Another toxic heavy metal pollutant 
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Abstract 
 In this study, we demonstrate a one-step method for fabricating a novel lignosulfonate–graphene oxide–polyaniline (LS-GO-PANI) nanocom-

posite aerogel, were prepared and employed for adsorption and removal of (Pb(II)) and Cr(VI) ions from aqueous solution. The results have shown 
that (LS-GO-PANI) nanocomposite exhibits a very high affinity and selectivity towards Pb(II) and and Cr((VI) Ions The morphology and structure of 
the LS-GO-PANI ternary nanocomposite were characterized by using transmission electron microscopy (TEM), scanning electron microscopy (SEM), 
atomic force microscope (AFM), fourier-transform infrared spectroscopy (FTIR), Raman spectroscopy, X-ray diffraction spectroscopy (XRD), and 
X-ray photoelectron spectroscopy (XPS).. Furthermore, the effects of adsorption time, initial pH value, adsorbent concentration, and initial adsorbate 
concentration on the adsorption of Pb(II) ions in aqueous solution were investigated by batch experiments. The LS-GO-PANI ternary nanocompos-
ite showed an adsorption capacity as high as 356.4 mg g–1 for Pb(II) ions and 282.15 mg/g mg/g for Cr(VI) ions at 30 °C. Moreover, the adsorption 
kinetic and equilibrium data were described well with the pseudo-second-order and Langmuir isotherm models for the Pb(II) and Cr(VI) ions ad-
sorption process. The results showed that the LS-GO-PANI ternary nanocomposite has broad application potential in treating Pb(II) and Cr(VI) ions 
containing industrial wastewater.
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is Chromium Cr(VI), chromium found in two oxidation states, III 
and VI. As compared to the III oxidation state,  VI oxidation state 
of chromium is considered more toxic. Cr(VI) present mainly in the 
effluents of electroplating, leather tanning, textile industries, metal 
finishing, and chromate preparations [6]. World Health Organiza-
tion (WHO) guideline for Cr(VI) in drinking water is 50 µg L−1  [6]. 
Exposure to elevated levels of Cr(VI) could lead to gastrointestinal 
disorders, liver, kidney and lung cancer, cardiovascular shocks, and 
other health related problems [6]. 

Indeed, most of the physical and chemical technologies for 
Pb(II) and Cr(VI) ions adsorption remediation are not economical-
ly feasible, require handling of large amounts of sludge, which de-
stroys the surrounding ecosystems and are very expensive. There-
fore, it is necessary to investigate low-cost, effective alternatives. 
Adsorption is regarded as the most effective and economically via-
ble option for the removal of heavy metal ions from aqueous solu-
tion. Carbon-based materials with porous structures find extensive 
use in many fields such as adsorption, separations, super capaci-
tors, drug delivery, lithium ion batteries and sensing due to their 
distinctive properties [7-13]. Previously, activated carbon is a high-
ly effective alternative used for the adsorption of heavy metals from 
wastewater, but it is soluble under extremely acidic conditions [14]. 
It is only feasible for very dilute solutions, is labor intensive because 
it requires frequent regeneration and it is not selective in terms of 
metal attenuation [15]. Idneed, many synthesized materials, such 
as one-dimensional (1D) nanofibers [16,17], two-dimensional (2D) 
films or membranes [18,19], and three-dimensional (3D) scaffolds 
[20-22], have been utilized as effective absorbents for treating 
Pb2+-containing water systems. 1D and 2D nano-adsorbents have a 
high adsorption capacity and adsorption rate for Pb2+ due to their 
high specific surface area and chemical activity, but the preparation 
of these nanomaterials usually requires stringent conditions, such 
as a high temperature, high pressure, high purity reagents, etc. In 
addition, these nano-adsorbent materials are difficult to recollect 
because of their small size. Macroscopic 3D porous material can 
overcome the above shortcomings. It not only provides a high sur-
face area, but also facilitates solid–liquid separation. To achieve an 
economical use of the synthesized absorbents, an important aspect 
is to find low-cost and source-rich natural materials for fabricating 
various functional nanomaterials [23,24].

Lignosulfonates, are water-soluble anionic polyelectrolyte poly-
mers, are byproducts from the production of wood pulp using sul-
fite pulping [25]. Lignosulfonates have a wide variety of applications 
such as plasticizers in making concrete, production of plasterboard, 
disperse pesticides, dyes, carbon black, tanning leather. They are 
also used to suppress dust on unpaved roads, and used as binders 
in well-paper, particle boards, linoleum flooring, coal briquettes, 
and roads [25]. This molecule contains a large amount of sulfate, 
carboxyl and hydroxyl functional groups that can complex metal 
ions [26]. Therefore, sodium alginate can also be used as a medi-
cal antidote for treating heavy metal ion poisoning [27]. However, 

alginate aerogels have poor mechanical properties. After repeated 
use, the aerogel structure can be easily destroyed, thereby result-
ing in an unstable adsorption capacity for heavy metal ions [28]. 
This kind of material shows improved mechanical properties given 
its special adhesion. In addition, Polyaniline (PANI) is a conduct-
ing polymer of the semi-flexible rod polymer family The major 
applications are printed circuit board manufacturing: final finishes, 
antistatic and ESD coatings, and corrosion protection [29]. Poly-
aniline and its derivatives are also used as the precursor for the 
production of N-doped carbon materials through high-tempera-
ture heat treatment [30]. Polyaniline with two types of functional 
groups (sulfonated poly(aniline-co-o-aminophenol), s-copolymer) 
has been prepared by the electrochemical copolymerization of ani-
line and o-aminophenol in sulfuric acid solution followed by sulfon-
ation of the copolymer in the concentrated sulfuric acid [30].

In this work, we synthesized new nanohybrid materials com-
posed of graphene oxide (GO), lignosulfonate, and polyaniline (LS-
GO-PANI) nanocomposite to fully eliminate the Pb(II) and Cr(VI) 
ions from aqueous solutions under different experimental condi-
tions. The innovative nanohybrid nanomaterial was characterized 
by different techniques. Optimum conditions, dynamics, and ther-
modynamics for the eradication of the Pb(II) and Cr(VI) ions were 
also investigated.

Experimental

Reagents and chemicals

All the chemical used in this study were prepared from Sigma 
Aldrich (St. Louis, Mo, USA) and Merck (KGaA, Darmstadt, Germa-
ny) and used without modification and without further purifica-
tion. Natural graphite powder (325 mesh, purity of 99.95%), lig-
nosulfonate (low viscosity, LS, C20H24Na2O10S2, MW 534.51), vitamin 
C (VC, purity of 99.5%), polyaniline, nitric acid (HNO3), sodium hy-
droxide (NaOH), metal salts, Pb(NO3)2, K2Cr2O7, and other reagents 
were of analytical grade. The experimental Pb(II) and Cr(VI) solu-
tions was prepared by dissolving Pb(NO3)2 and K2Cr2O7 in deionized 
water, respectively. All metal salt solutions were prepared by using 
ultrapure water. The pH value of the solution was adjusted with 1.0 
M HNO3 or NaOH.

Instrumentation measurements

FT-IR spectra were conducted on a Vertex 70 instrument 
(Bruker, Rheinstetten, Germany) at a resolution of 0.5 cm-1, and in 
the range of 500 cm-1 to 4000 cm-1. The atomic force microscope 
(AFM, Nanoscope III Veeco Co. Ltd., Santa Barbara, USA) was ob-
tained to characterize the GO samples. Samples for AFM analysis 
were prepared on freshly cleaved mica. The X-ray diffraction (XRD) 
patterns of dried samples were measured with a Bruker D8 Ad-
vance diffractometer. The conditions of test were: the tube current 
and voltage at 20 mA and 30 kV, respectively, Cu target (λ = 0.15418 
nm), and data were collected from the 2θ angular regions between 
5° and 60°. The thermal stability of the dried samples was em-
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ployed investigated using a TGA Q500 (TA Instruments, New Cas-
tle DE, USA). The samples were heated in an aluminum crucible to 
650 °C at a heating rate of 20 °C/min. Surface morphology of dried 
samples was analyzed by scanning electron microscopy (SEM; 
Bruker) at 10 kV. The samples for SEM analysis were coated with 
a thin layer of gold (2 nm) by sputtering to promote conductivity 
before SEM observation. To observe the nitrogen adsorption iso-
therms at -196 °C, ASAP 2460 instrument was employed. The spe-
cific surface area was evaluated from the adsorption branch of the 
isotherm using Brunauer-Emmett-Teller theory (BET). The X-ray 
photoelectron spectroscopy (XPS) was performed on a Axis Ultra 
DLD spectrometer (Kratos, Manchester, UK) with monochrome Al 
Kα radiation (hν = 1486.6 eV). A JJ-1 electric agitator (Changzhou 
Guohua Company, Changzhou, China) and MS7-H550-Pro agitator 
(Dragon Laboratory Instruments Limited, Beijing, China) were 
used for mechanical and magnetic stirring, respectively. A PHS-3E 
acidity meter was used to determine the pH value of the solution. 
The concentration of Pb(II) and Cr(VI) after adsorption was mea-
sured using atomic absorption spectrophotometer (Z-2000, Hitachi 
Ltd., Tokyo, Japan). 

Synthesis of graphene oxide

Graphene oxide (GO) was synthesized from natural graph-
ite powder according to the procedures described by Hummers’s 
method (Hummers and Offeman 2002). Inorder to avoid aggrega-
tion of the GO during drying process, the GO sample was obtained 
first by freeze-drying. Then dried GO sample was dispersed in wa-
ter by using ultrasonication for 1 h to get an aqueous dispersion at 
a concentration of 2.0 mg/mL. were prepared.

Synthesis of the nanocomposite (LS-GO-PANI)

The adsorbent (LS-GO-PANI) was prepared as follows. First, 
2.0 g of alginosulfate was weighed and dissolved in 98.0 mL of ul-
trapure water. Second, VC (20 g), and GO aqueous dispersion (200 
mL) were added to a 500 mL glass flask. The reaction mixture was 
stirred at room temperature until it became a stable suspension. 
The aqueous dispersions of the LS, VC, and GO were then heated at 
60 °C, the solution and mechanically stirred for 3 hours. Third, 2.0 g 
of polyaniline was added to the mixture, and stirring was continued 
for 12 hours at room temperature, and the ternary nanocomposite 
were then collected by filtration and washed thrice with ultrapure 
water. Fourth, the hydrogels were immersed in ultrapure water, 
placed in a vacuum freeze-drying apparatus, frozen for 4 hours, and 
vacuum dried for 20 hours to obtain the lignosulfonate–graphene 
oxide–polyaniline (LS-GO-PANI) nanocomposite aerogel.

Adsorption and desorption tests

In an adsorption experiment, About 100 mg of LS-GO-PANI 
nanocomposite was weighed and added to 100 mL of the 0.1 mM 
of Pb(II) or Cr(VI) solution, loaded in a 200 mL conical flask and 
placed it in an air table with 200 rpm stirring speed at 25 °C for 
24 hours to reach equilibrium. The desired pH value was adjust-

ed using 0.1 M HCl or 0.1 M NaOH solution and eventually filtered 
through filter paper and a funnel at atmospheric pressure. The 
amount of Pb(II) or Cr(VI) remaining in the filtrate was measured 
using the atomic absorption spectrophotometer. In a desorption ex-
periment, Pb(II) or Cr(VI) loaded LS-GO-PANI nanocomposite was 
immersed in 50 mL of the 0.05 M HNO3 solution for 30 minutes, 
filtered, and washed thrice with ultrapure water, and the amount 
of Pb(II) or Cr(VI) in the eluate was then determined using atomic 
absorption spectrophotometer.

Results and Discussion

TEM images 

Diagram 1:

Figure 1: TEM images of (a) grapheme oxide (GO), (b) 
lignosulfonate–graphene oxide–polyaniline (LS-GO-PANI) 
nanocomposite.

The morphologies and structures of GO and LS-GO-PANI nano-
composite were observed by TEM and SEM, respectively. TEM im-
ages of nano-graphene oxide (GO) (Figure 1-a), and graphite oxide 
with LS-GO-PANI nanocomposite are illustrated (Figure 1-b). The 
specific surface area values of GO and LS-GO-PANI were examined 
by BET analysis (Brunauer–Emmett–Teller) and the results are 
shown that the values of the specific surface area and the pore size 
of the GO were 64.32 m2 g−1 and 0.2392 cm3 g−1, respectively. The 
values of specific surface area and the pores size of the LGPH were 
110.44 m2 g−1 and 0.2839 cm3 g−1, respectively [31-33]. The BET 
surface area of LS-GO-PANI is larger than GO due to the surface of 
LS-GO-PANI being rougher than MGO, after GO was modified using 
LS and PANI which is also seen in the TEM images for GO and LS-
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GO-PANI (Figure 1). As the figures indicate, graphene oxide has a 
plate structure and the LS and PANI are penetrated and spread over 
the grapheme oxide plates (Figure 1).

SEM images

Figure 2a–b are a depicts the SEM images of GO and LS-GO-PANI, 
the morphology and microstructure of monolith were analyzed 
by scanning electron microscopy (SEM-S420, HITACHI) equipped 
with a field-emission electron gun. The SEM image of GO (Figure 
2a) a depicts a typical flake-like morphology, agglomerated into a 
two-dimensional multilayered structure with a smooth surface and 
lateral sizes of several nanometers, which demonstrates the large 
specific surface area of GO. The diverse layers can overlap and inter-
weave with each other to form the bright and shaded areas on the 
GO surface. In Figure 2b, SEM images of the LS-GO-PANI nanocom-
posites are showcased A much rougher surface and more wrinkled 
structure are found in the LS-GO-PANI image, and yet, the image 
was very similar to the GO SEM image. The cross-sectional analysis 
showed that the thickness of the GO sheets were in the ranges of 
0.98 nm, which illustrated that the GO sheet was about one-atom-
thick graphene oxide. SEM images results of freeze-dried samples of 
LS-GO-PANI indicated a well-defined and interconnected 3D porous 
network as revealed by. It is depicted that PANI and LS assembles 
on the surface of GO sheets. The π-π stacking of GO sheets plays an 
important role in the formation 3D network porous structure. SEM 
analysis exhibited formation of interconnected 3D morphology and 
it can be noted that incorporation of LS and PANI with GO brought 
significant change in pore wall thickness and shrinkage in average 
size compared to those of GO. High magnification SEM image of hy-
brid samples showed the presence of needle-like LS and PANI in 
random direction which behave as compact skeleton within the 
dense and wrinkling type graphene sheets. Thus, it can be inferred 
that these surface decorated/adsorbed LS and PANI may promote 

roughness between adjacent graphene sheets that results in com-
pact 3D assembly due to strong chemical interaction. Furthermore, 
the results of the LS-GO-PANI nanocomposite indicaes the π-π con-
jugation and hydrogen bonding between graphene sheets and LS 
and PANI contributed to the successful construction of 3D porous 
structure [33-35]. Thus, favoring the accumulation and adsorption 
of Pb(II) and Cr(VI) ions from aqueous samples . Moreover, the mul-
tilevel pore structure of LS-GO-PANI provided large specific surface 
area (473.5 m2/g) that was higher than that of GO (261.7 m2/g). 
These findings were also confirmed by the nitrogen adsorption-de-
sorption isotherms (Figure 2).

Elemental analysis and mapping of phases

The elemental distribution mapping performed in order to find 
different elements and their distribution in the synthesized sam-
ples, energy dispersive X-ray (EDX) analysis was accomplished as 
seen in Figure 3. The EDX spectrum of GO shows C and O as the 
main component while the composite materials showcase all the 
elements of GO, PANI and LS, including C, O, S and N. The % weight 
of N and O atoms, respectively, decreases and increases with an in-
creasing GO percentage. The presence of a high amount of S in the 
synthesized samples suggests effective incorporation of the LS in 
the structure of the nanocomposite. Consequently, the results indi-
cated that the specific surface area of LS-GO-PANI was larger than 
that of GO, improving the adsorption capacity to metal ion. Thus, 
the large surface area of LS-GO-PANI contributes to the high ad-
sorption capacity during the hydrothermal reaction. LS and PANI 
incorporated into graphene sheets through both covalent and 
non-covalent interactions, such as π-π conjugation and hydrogen 
bonding. The negatively charged LS molecules spread in the in-
terlayer of graphene oxide sheets, thus prevents the restacking of 
graphene sheets through electrostatic repulsion (Figure 3). 

Figure 2: SEM images of (a) Graphite oxide (GO), (b, c) graphite oxide with lignosulfonate and polyaniline nanocomposite LS-GO-PANI (d) 

particle size distribution histogram of LS-GO-PANI.
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Figure 3: Elemental analysis and mapping of LS-GO-PANI -nanocomposite.

Figure 4: AFM images of GO, GO-LS and LS-GO-PANI nanocomposites at different scan sizes (30, 10 and 5 μm), and height profiles 
(thicknesses) (for the 5 μm scan size images) nanoplatelets measured from AFM image.

AFM image and thickness

Atomic force microscope was performed to examine the in 
three-dimensional topography of our samples, and to provides var-
ious types of surface measurements. Figure 4 shows the morphol-
ogy and thickness of LS-GO-PANI nanocomposite by AFM. Figure 4 
shows that LS-GO-PANI nanocomposite samples typically had flake-
like and sheet-like structures with less than 1 μm lateral size and 
the range of thickness of LGPH samples was between 1 to 3 nm. The 
layer-to-layer distance (d-spacing) of graphene oxide (GO) is 0.850 
nm, which indicated that this LS-GO-PANI nanocomposite sample 
typically has 1 to 3 layers. The lateral size of LGPH was typically 
less than 1 μm, which was less than that of graphene oxide (GO) 
made from natural graphene. The sonication can exfoliate the LS-
GO-PANI to fewer layers, and the nanoscaled LS-GO-PANI nanocom-
posite may apply for conductive materials (Figure 4).

FTIR images

FTIR spectra of the different samples have been recorded as 
presented in Figure 5 a and b. The successful oxidation of graphene 
oxide was confirmed in Figure 4a, by the presence of various kinds 
of oxygen functionality such as peak at 3129-3440 cm−1 which are 
mainly originated from the stretching vibration of hydroxyl group 
(-OH). The peaks attributed to the deformation vibration of the ter-
tiary (C-OH) groups appeared at 1400 cm−1. The peaks at 1598 cm−1 
for carboxylic group (-C=O), the bands located at 1620-1630 cm−1 
resulted from the (C=C) stretching mode of the graphitic domains. 
The peaks located at approximately 1225 and 1080 cm−1 corre-
spond to the stretching vibrations of (C-O-C) and (C-O), respective-
ly. The peaks at 1218 cm−1 for epoxy (C-O) stretching and alkoxy 
(C-OH) stretching at 1043 cm−1. The peaks located at approximate-
ly 1225 and 1080 cm−1 correspond to the stretching vibrations of 
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(C-O-C) and (C-O), respectively. In addition, the peaks attributed to 
the deformation vibration of the tertiary C-OH groups appeared at 
1400 cm−1. These hydrophilic groups on the surface are very im-
portant to improve the interaction between LS, PANI and GO sheets. 
As shown in Figure 4b the FT-IR spectra of LS-GO-PANI nanocom-
posites, the peak at 3440-3129 cm-1 was due to the O–H stretching. 
The bands around 1350-1342 cm-1 are attributed to sulfonic acid 
groups. The bands between 839 and 608 cm-1 was due to the C-S 
stretching vibration. The characteristic peaks at 3213 cm-1 and 
1598 cm-1 belonging to GO can also be observed in the spectra of 
GO and LS-GO-PANI. Interestingly, spectra in Figure 3b showed 
shifting of the functional groups such as carboxyl band (C=O) from 
1721 cm−1 to carboxylic starching 1727 cm−1 which confirmed the 
successful reaction between GO, LS and PANI after treatment. This 
indicated that there exist a certain number of functional groups on 
reduced GO sheets. The characteristic peaks at 1635 and 1567 cm−1 
are attributed to the stretching vibration of quinoid and benzenoid 
rings on PANI molecular chain. The characteristic peak at 1417 
cm−1 is corresponding to the stretching mode of N-Q-N where Q rep-
resents the benzenoid ring Additionally, compared with the GO, the 
S=O symmetric stretching at 1023 cm-1 belonging to LS was also 
observed, which indicated the proposed formation of LGPH. The 
existences of sulfonic acid groups was evident from the FTIR spec-
tra and these groups were responsible for improving its adsorption 
capacity to water and metal ions. The change at 3129-3440 cm−1 
could be ascribed to the strong interaction through hydrogen bonds 
and π-π conjugation between LS and GO sheets. This phenomenon 
is suggesting that the presence of LS and PANI plays important role 
for the self-assembly of monolithic material and promotes chem-
ical interaction force, presumably, hydrogen bonding as evident 

from shifting of these functional groups, since we failed to obtain 
3D monolith in the absence of LS and PANI. However, nature of hy-
drogen bonding between bare graphene sheets and/or between GO 
sheets and LS follows different routes. Compared to control sam-
ple, hybrid spectrum exhibits downshifting at starching vibration 
of hydroxyl (OH), carboxyl (C-O, C-O-C), and N-H bending vibration 
mode. This shift can be seen as synergy effect of strong hydrogen 
bonding between graphene sheets and LS, thus greatly influencing 
the microstructure morphology and mechanical and thermal prop-
erties of hybrid material. It can be inferred that strong chemical in-
teraction between GO, PANI and LS is predominantly influenced by 
C=O⋯HO and N-H⋯OH type hydrogen bonding during the hydro-
thermal treatment. Moreover, shrinkage in OH starching was due to 
deoxygenation of graphene (Figure 5).

Raman spectra

The structural characterisation of PANI, GO-PANI and LS-GO-
PANI nanocomposites were performed by Raman spectroscopy, 
as presented in Figure 6. Raman bands in the spectra of PANI, GO/
PANI and LS-GO-PANI at 632.8 nm excitation wavelength are mainly 
attributed to the polymer due to resonance effects with the polar-
onic/bipolaronic electronic transitions of PANI, and the high con-
tent of polymer in these materials. The spectra presented in Fig-
ure 6a show the characteristic features of the PANI polymer for all 
samples. However, comparing the spectra of the nanocomposites 
with the neat polymer (PANI), the bands at ca. 1336 and ca. 1600 
cm−1 for the hybrid materials present higher relative intensities. 
These results can be attributed to the contribution of GO bands, and 
changes in the doping state of the polymer due to interaction with 
the LS and PANI components (Figure 6).

Figure 5: AFM images of GO, GO-LS and LS-GO-PANI nanocomposites at different scan sizes (30, 10 and 5 μm), and height profiles 
(thicknesses) (for the 5 μm scan size images) nanoplatelets measured from AFM image.
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Figure 6: Raman spectra (λ0 = 632.8 nm) of (a) LS-GO-PANI, (b) GO/PANI and (c) PANI in the range of 1050–1750 cm−1 .

XRD patterns

Figure 7 XRD spectra of (a) GO, (b) lignosulfonate (LS), (c) PANI, 
and (d) LS-GO-PANI nanocomposite. The GO pattern (Figure 6a) 
showed a peak at ~10.7° corresponding to the (001) inter-planar 
spacing of 8.30 Å which caused by the oxygen-rich groups on both 
sides of the sheets and the water molecules trapped between the GO 
sheets. The calculated interlayer spacing of the freeze-dried GO and 
LS-GO-PANI nanocomposite was observed to be 3.69 Å, and 3.65 Å, 
respectively. This value was much lower than that of GO (8.30 Å), 
which suggested the presence of π-π stacking between graphene 
sheets in the composites and also the presence of a certain num-
ber of functional groups on reduced GO sheets. For GO spectra, the 

reduced GO sheets can encapsulate water in the process of self-as-
sembly due to the presence of residual hydrophilic oxygenated 
groups. For LS-GO-PANI, in addition to functional groups on re-
duced GO sheets, the hydrophilic groups of LS and PANI could also 
capture a multitude of water molecules. Because of this factor and 
the stacking of graphene sheets, the composites can be successfully 
synthesized by one-step method. Lignosulfonate (LS) XRD spectra 
shows a broad peak between 20° and 30° was attributed to its low 
graphitization and amorphous nature. Furthermore, there has been 
obvious distinction between the XRD patterns of GO, LS and LS-GO-
PANI, which indicated that LS was chemically reacted on GO sur-
face. Moreover, there has been obvious similarity between the XRD 
patterns of PANI and LS-GO-PANI nanocomposite (Figure 7).

Figure 7: XRD spectra of (a)GO, (b) lignosulfonate (LS), (c) PANI, and (d) LS-GO-PANI nanocomposite.

XPS patterns

High-resolution XPS spectra can also provide information on 
the reduction degree of GO, since C 1s core level photoelectrons 
present slightly different binding energies depending on the envi-

ronment of the carbon atoms. Figure 8 shows the high-resolution 
XPS spectra at the C 1s core level for GO and rGO samples prepared 
by reactions at 25 °C for 7 days and at 80 °C for 3. XPS spectra of 
GO and rGO consist mainly of two asymmetric and highly overlap-
ping peaks (maxima at ca. 285 and ca. 287 eV). The comparison 
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of these spectra clearly shows the increase of relative intensity of 
the low-binding energy peak upon reduction. This is attributed to 
the partial recovery of the sp2-hybridized carbons in the graphene 
structure, since pristine graphite presents only an asymmetric 
peak at ca. 284 eV (carbon atoms in sp2 environment). The curve 
fitting of the C 1s spectra, also presented in Figure 8, can provide 
detailed information on the oxygen-containing groups, since these 
groups induce different environments for the carbon atoms and, 
consequently, their corresponding C 1s photoelectrons present 
slightly different binding energies. The comparison of the curve 
fitting for GO and rGO-25 shows the increase of the contribution 
from sp2 carbons (C=C) and hydroxy groups (C–OH) upon re-
duction, and the decrease of sp3 carbons (C–C + C–H) and epoxy 
groups (C–O–C). These results are in good agreement with the lit-
erature and indicate the recovery of the sp2 carbon atoms from the 
sp3 carbon atoms and epoxy groups, and the conversion of some 
epoxy to hydroxy groups [28,45,46,48]. In contrast, rGO presents 
a dramatic change in the C 1s spectral profile, evidenced by an in-
tense peak at ca. 284 eV and a weak shoulder at 285–290 eV. The 
comparison of the curve fitting for this sample and rGO shows a 
significant increase of the contribution from the sp2 carbon atoms 
and decrease of the contribution from sp3 carbon atoms, hydroxy 
and epoxy groups. These features are very similar to data reported 
in literature for chemically reduced GO [36-38] and indicate a high 

degree of reduction of the rGOsample. This also points out the very 
important role of the temperature on the recovery of the sp2 car-
bon network in graphene oxide (Figure 8).

Figure 9 shows XPS spectra at the N 1s core level of PANI, GO/
PANI and LS-GO-PANI nanocomposite, and the respective curve fit-
ting results. Analogously to C 1s, XPS spectra at the N 1s core level 
can be discussed in detail and provide interesting structural infor-
mation on the GO/PANI and LS-GO-PANI nanocomposite. In the 
present work, the N 1s peaks are mostly from nitrogen-containing 
groups of PANI, the amine, imine or charged nitrogen sites of the 
polymeric chains. Therefore, XPS spectroscopy provides important 
information on the oxidation and doping states of the polymer in 
PANI-based materials. The N 1s peak of PANI-based materials is 
dominated by an amine (–NH–)-related component at ca. 399 eV, 
but also shows components of quinone (=N–), polaron (–N•+H–) 
and bipolaron (=N+H–) groups at ca. 398, ca. 401 and ca. 402 eV, re-
spectively. The comparison of spectral data for PANI and rGO/PANI 
in Figure 9 indicate that PANI chains present a higher doping state 
in the presence of GO flakes. XPS data for the LS-GO-PANI nanocom-
posite clearly shows a significant increase in the relative intensity 
of the peak with higher biding energy. These results clearly indicate 
that LS nanoparticles also play an important role to the increase of 
the doping state of PANI (Figure 9). 

Figure 8: XPS spectra at the C 1s core level of GO and rGO samples prepared by reactions at 25 °C for 7 days or at 80 °C for 3 h.

Figure 9: XPS spectra at N 1s core level of (a) PANI, (b) GO/PANI and (c) LS-GO-PANI nanocomposite.
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Time profile and adsorbent dosage for Pb(II) and Cr(VI) 
ions on LS-GO-PANI nanocomposite 

Figure 10a,b shows that the adsorption removal of Pb(II) and 
Cr(VI) with LS-GO-PANI nanocomposite was rapid and immediate-
ly (within 5 min) reached 99% maximum adsorptive removal of 
Pb(II) and Cr(VI). As the contact time further increased to 90 min, 
the adsorption percentage becomes constant. Therefore, the con-
tact time can be optimized to 30 min for both Pb(II) and Cr(VI) with 
LS-GO-PANI nanocomposite, respectively. The effect of the adsor-
bent dosage (Figure 10c) on the adsorption of Pb(II) and Cr(VI) (10 
mgL−1) was studied by varying the dosage from 0.1 to 0.8 gL−1at 
pH 5 for Pb(II) and pH 4 for Cr(VI). The obtained results revealed 
that the adsorption efficiency and adsorption capacity showed an 
inverse relationship with the LS-GO-PANI nanocomposite dose. The 
maximum adsorption efficiency, 99.7% for Pb(II) and Cr(VI), was 
achieved with 0.4 g· L−1 LS-GO-PANI dosage for Pb(II) and Cr(VI), 
respectively (Figure 10).

Effect of pH and ionic strength effect on adsorption

The effects of solution pH on the accumulation removal of 
Pb(II) and Cr(VI) onto LS-GO-PANI nanocomposite were studied 
by varying the aqueous solution pH (Figure 8d). The adsorption of 

Pb(II) rapidly increased from pH 2.0 to 3.0, then slowly increased 
and reached maximum adsorption percentage at pH 4.0 to 5.0 for 
Pb(II). While the adsorption of Cr(VI) was not rapidly increased 
from pH 2.0 to 3.0, then slowly increased and reached maximum 
adsorption percentage at pH 4.0 for Cr(VI). At lower pH, the high 
H+ concentration was competitive with both metal ions that caused 
low adsorption. As the solution pH increased, the adsorption of 
metal ions on the LS-GO-PANI nanocomposite increased due to the 
decreasing H+ ion concentration which acted as a competitor to the 
positive metal ions for adsorption sites on the surface of the nano-
composites. Moreover, adsorption experiments were not studied 
above pH 6.0 where the metal ions started to precipitate as their 
hydroxide complexes in aqueous solutions. Therefore, further ad-
sorption studies of both metal ions, Pb(II) and Cr(VI), were studied 
at pH 5.0 and pH 4.0, respectively. The effect of ionic strength on the 
adsorption of both metal ions onto LS-GO-PANI nanocomposite was 
studied using NaCl, KCl, and MgCl2 as background electrolytes rang-
ing from 0.0 to 0.5 mg L−1. From our results, it was clearly observed 
that there were no significant changes that occurred in the adsorp-
tion of Pb(II) (10 mg L−1) and Cr(VI) (10 mg L−1) onto LS-GO-PANI 
nanocomposite with the increase of the background ionic strength.

Evaluation of metal ions uptake characteristics of LGPH nanocomposite by the adsorption isotherms

Figure 10: Factors such as equilibrium time (a,b), LS-GO-PANI nanocomposite dosage (c), and aqueous solution pH (d) effect on the 
adsorption of Pb(II) and Cr(VI) onto LS-GO-PANI nanocomposite at 298 ±2 K.
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Figure 11: Adsorption isotherms of Pb(II) and Cr(VI) (Co= 2.0 to 25.0 mgL−1) onto LS-GO-PANI nanocomposite at pH 5.0 for Pb(II) and pH 
4.0 for Cr(VI), at 30 min equilibrium time for the range of reaction temperatures, 298–328 ±2.0 K.

After finding the optimum time, dosage, and pH of the metal 
ions, adsorption isotherm experiments were performed for the 
evaluation of the metal uptake mechanism and capacity. Various ad-
sorption models such as Langmuir, Freundlich, and Tempkin were 
used for the experimental isotherms data as shown in Figure 11. 
The calculated isotherm parameters, correlation coefficient (R2) 
values, and standard deviations in the measurement were used for 
the evaluation of the suitability of the isotherms and are summa-
rized in Table 1. The Langmuir adsorption isotherm data fit well 
with the experimental adsorption data compared to the other two 
models. The adsorption parameters are summarized in Table 1. 
Hence, the adsorption of Pb(II) and Cr(VI) onto LS-GO-PANI nano-
composite was a monolayer chemisorption on the homogeneous 
surface. The adsorption capacity of LS-GO-PANI nanocomposite 
was greater than that of GO alone due to the high electron transfer 
charge of LGPH nanocomposite by LS. The maximum adsorption 
capacity of LGPH nanocomposite at 298±2 K for Pb(II) and Cr(VI) 

was high, indicating LS-GO-PANI nanocomposite to be a promising 
and better adsorbent for heavy metal adsorption. It was also clearly 
observed from Table 1that the adsorption capacity of LS-GO-PANI 
nanocomposite was higher than the GO indicates the synergistic en-
hancement of the adsorption metal ion onto LGPH nanocomposite. 
The high dsorption of LS-GO-PANI nanocomposite may be due to 
the fact that the LS-GO-PANI nanocomposite has a high surface area 
and high surface site density when compared with GO. The distri-
bution of Pb(II) and Cr(VI) between the LGPH nanocomposite in 
equilibrium over a range of concentrations at three different tem-
peratures (298–328 K) was studied. From the Langmuir isotherm 
model, the calculated maximum adsorption capacities (qmax) were 
increased as the temperature increased from 298 to 328 K for both 
metal ions. The increasing adsorption capacity with increasing 
temperature is associated with endothermic adsorption of metal 
ions onto LS-GO-PANI nanocomposite at equilibrium. Hence, the 
adsorption process was favorable and rapid (Figure 11 & Table 1).

Table 1: Isotherm parameters of Pb(II) and Cr(VI) (Co= 2.0 to 25 mg·L−1) adsorption onto LS-GO-PANI nanocomposite at 0.4 g·L−1 dosage and 298 

±2 K for 30 min (n= 3, mean).

Ion Composite
Langmiur Freundlich Temkin

qm(mg/g) KL(L/mg) R2 KF(mg/g) n R2 KT(L/mg)n B R2

Pb(II) LS-GO-PANI 356.4 1.85 0.993 69.12 1.42 0.978 25.54 62.51 0.987

Pb(II) GO 67.35 0.16 0.993 8.81 0.52 0.895 0.84 12.4 0.86

Cr(VI) LS-GO-PANI 282.15 1.92 0.996 67.82 1.54 0.987 27.4 56.42 0.978

Cr(VI) GO 58.52 0.89 0.992 10.89 0.301 0.88 2.84 13.25 0.921

Conclusion
A green novel approach to synthesis lignosulfonate–graphene 

oxide–polyaniline (LS-GO-PANI) porous hydrogel nanocomposite 
via solvothermal route and further investigated for the adsorptive 
removal of lead ions Pb(II) and chromate ions Cr(VI) from aque-
ous solution. The modification of graphene composite with ligno-
sulfonate (LS) improved its adsorption sites, resulting in excellent 
Cr(VI) accumulation efficiency from aqueous solution Kinetic and 

isotherm studies revealed that pseudo-second-order and Langmuir 
models, respectively. The adsorption capacity of LGPH nanocom-
posite for Pb(II) ions was found to be 356.4mg/g. In case of Cr(VI) 
ions, LS-GO-PANI nanocomposite exhibited adsorption capacity of 
282.15mg/g. Thermodynamic analysis suggested that the adsorp-
tion was spontaneous and endothermic in nature. Lead adsorption 
was found to be low at acidic pH, and reached a maximum at pH 
5.0–7.0. Cr(VI) ions adsorption was a maximum at pH 4.0–7.0, and 
decreased with the increase in pH above 7. 
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