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Abstract
In this study, seven different nanocoated carbonaceous materials was synthesized using hydrothermal method. Graphene oxide
and activated carbon from biochar of sawdust were used as matrix materials, and the coating materials used were mainly
nanoparticles, lanthanum oxide, cerium oxide, zirconium oxide, and cellulose. The adsorption capacities of these composites
were analyzed by estimating the removal capacity for the hexavalent chromium present in the solution. Parameters like adsorbent
dose, pH, and metal ion concentration were studied. The composites prepared by coating activated carbon with functionalized
graphene oxide and zirconium oxide had shown higher removal capacity more than 160 mg/g in acidic pH, i.e., pH 4 with
1 mg/ml adsorbent dose and up to 150 mg/l of hexavalent chromium concentration. The removal capacity was second for the
activated carbon coated with graphene oxide and third highest value obtained from the composite prepared by coating activated
carbon synthesized from biochar with zirconium oxide. The removal capacity obtainedwas directly related to the surface area and
the presence of active surface functional group. The study aims to provide a better nanocoated composite for removal of
hexavalent chromium present in the experimental solution.
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1 Introduction

The nanocomposites are included into the field of material
science which deals with everyday life usage like automobile
industries, making of sensors, energy devices, and also in
pollution abatement tools [32]. Nanocomposites were gener-
ally made up to two or more material, with at least one of them
having structure in nanoscale, i.e., between 1 and 100 nm [14].
The nanostructure gives the composite more stability and en-
hanced functional activity. The matrixes of the composites are
mainly polymers, metals, biomass, or ceramic. They have

their own demerits, like their functional activity was low be-
fore the incorporation of nanomaterials into the polymer ma-
trix. The applicability of the nanocomposite in water purifica-
tion system was studied thoroughly by many research
workers. The need for freshwater is one of the common re-
sources which the living organisms are craving for. The in-
dustrial discharge had made the freshwater sources polluted.
The use of nanocomposite in treating the polluted water could
provide a solution. The nanostructure made the composites
more efficient in treating the polluted water. The high surface
area of the composite could highly influence the water purifi-
cation process.

The nanocomposites were made up of matrix material and
filler material. The filler was mostly in nanoscale, and the
matrix material could be both organic and inorganic material.
Mostly used organic materials in composite preparation are
biomass or some biomaterial like sawdust, sugarcane bagasse,
and rice husk. The inorganic materials used in composite
preparation were synthetic polymers, metal oxides, etc [1,
2]. The used matrix material in composite formation made
different groups of composite. If the matrixmaterial used were
metal, the composite was known as metal matrix composite; if
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the matrix used were polymer, then it was named as polymer
matrix composite; and if some biomass was used as a matrix
material, then it was known as biopolymer matrix composite.

The preparation of nanocomposites have many routes; they
can be prepared by solution blending [47], melt processing
[10], in situ polymerization [46], and sol-gel method [11].
The preparations of biopolymer composites have many good
environmental effects, due to its permeability in water, bio-
compatibility, and biodegradable nature [9]; the usage of this
biomaterial for many processes in pollution abatement pro-
vides an economical, sustainable, and environment-friendly
solutions. There are many existing methods for making
biocomposites like hydrothermal synthesis, co-precipitation
method (Zhang etal., 2006, Cho et al., 2006 and Godinho
et al., 2007), and solution dispersion method [15, 27, 39].
The coating of matrix with nanomaterials enhances their ther-
mal stability, which helped in treating the wastes which need
more temperature to degrade. Some adsorption processes need
higher temperature for proper functioning of the adsorbent, so
the thermally stable adsorbent could be used for in wide tem-
perature variations. The composites prepared by biomaterial
had some bonus advantages, since the biomass used for mak-
ing the nanocomposite has many surface active functional
groups, which not only provide more binding sites for pollut-
ant entrapment but also give more roughness and stability to
the composite [21, 22].

In this study synthesis of different metal/bionanocomposites
were studied. The composites used in this study were mainly
metal matrix composites, biocomposites and incorporation of
both metal and biocomposites on carbonaceous materials. The
enhanced functionality of the synthesized nanomaterial was
analyzed and the application of these nanocomposites for re-
moval of a very toxic and hazardous but widely used heavy
metals were studied, i.e., hexavalent chromium (Cr+6).

The use of agricultural waste (sawdust) as matrix material
for the making of bionanocomposites would provide an envi-
ronment friendly solution for nanocomposite preparation and
waste minimization. The use of graphene oxide as matrix ma-
terial would give an enhanced functional stability and surface
area for preparation of metal matrix composites.

Graphene oxide had many positive applications in water
treatment technology. The surface area and presence of active
surface functional group and its honeycomb-like porous struc-
ture and highly biocompatible play an important role in pol-
lutant entrapment in its surface [7]. The presence of sp2 hy-
bridized carbon made it more competent as composite.

This study deals with preparation of different composites
and reviewing its applicability in hexavalent chromium re-
moval. The use this of heavy metal is wide in many industries
like electro plating, lather tanning, dye, and pigment indus-
tries. The discharge of Cr+6 from these industries made the
pathway for bioaccumulation of these metals to life in differ-
ent tropic levels. The exposure of Cr+6 to living body causes

stomach irritation, skin cancer, and ulceration [36]. Chrome
hole is a potent form of skin cancer commonly found in
workers working in lather tanning industries [3]. The treat-
ment of this toxic waste was very much in need for recent
time.

The use of nanocomposites in treatment of pollutants
would provide an extensive scope for research work in this
filed, due to its high functionality in water treatment technol-
ogy [20]. The use of biomass as the matrix material could
provide an additional benefit as they contain a highly porous
structure and many active surface functional groups into its
surface. The composites used in this study were made up with
two different matrix materials: graphene oxide and activated
carbon from biochar of sawdust. The filling material used was
mainly nanoparticles, lanthanum oxide, cerium oxide, zirco-
nium oxide, cellulose, etc. Coating on activated carbon by
synthesized surface functionalized graphene oxide was also
studied. The removal capacity of Cr+6 by the synthesized
nanocoated carbonaceous materials was evaluated, and the
parametric effect of the removal was studied. The removal
of Cr+6 using nanocomposite was studied bymany researchers
like Shang et al. [37], Su et al. [40], and Chakraborty et al. [5].
The use of nanocomposite in treating this hazardous pollutant
was thoroughly studied in this study, a comparative study was
done in the present research work, and some new composites
were prepared which were not properly studied by previous
researcher.

2 Materials and methodology

2.1 Materials

Raw sawdust, sodium hydroxide (NaOH), potassium perman-
ganate (KMnO4), sulfuric acid (H2SO4), phosphoric acid
(H3PO4), hydrogen peroxide (H2O2), hydrochloric acid
(HCl), sodium hypochlorite (NaOCl),graphene oxide (GO),
cerium oxide (CeO), zirconium oxide (ZrO), lanthanum oxide
(LaO), carbinol, aqueous ammonia, acetone, lanthanum ni-
trate, hydrazine hydrate, zirconium oxychloride, potassium
dichromate (K2Cr2O7), and di-phenyl carbazide (DPC). All
the chemicals used were lab grade and purchased from
Merck and Platonic India Pvt. Ltd.

2.2 Coated composite preparation

Different types of composites were prepared using sawdust as
the base materials for composites. Different forms of nano-
composites were prepared using activated carbon of sawdust
with the metal oxides as coating materials to increase the ad-
sorption and surface activity of the composite.
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2.2.1 Thermally activated sawdust

The raw sawdust was washed with distilled water for remov-
ing dust and dirt and then treated with 0.1 N NaOH. The
sawdust were again washed with distilled water to neutralize
the base and washed repeatedly till it comes to neutral pH.
Then, the sawdust was oven dried overnight and sealed in an
air tight container. Five grams of that treated sawdust was
pyrolyzed to prepare biochar at 700 °C and activated and then
sieved with 300 μm sieve. The activated carbon was further
used for making other nanocomposites [4].

2.2.2 Graphene oxide

Graphene oxide was prepared from graphite powder by using
modified Hummers method [23]. In 20 g potassium perman-
ganate (KMnO4), 90 ml conc. H2SO4 and 60 ml H3PO4 were
added gently. After 30 min of continuous, stirring 30 ml of
H2O2 was added. The solution turned to yellowish brown. The
whole solution was then sonicated for 120 min at 30 °C and
washed repeatedly by 2% HCl until the solution comes to
neutral pH (Elrouby et al., 2018). The graphene oxide obtain-
ed was then kept at a vacuum drier at 70 °C till it dried
completely and stored at an air tight container. This synthe-
sized graphene oxide was used for further composite
preparation.

2.2.3 Cellulose extraction from sawdust

In distilled water, 30 g clean and oven dried sawdust was
mixed and heated till 90 °C for 30 min for removal of any
excess dirt and dust from the sawdust surface and to remove
the impurities and chemicals used while wood processing.
After heating, the sawdust was filtered out of the solution
and treated with 300 ml of 1 M HCl solution for another
30 min at 85 °C. After this acid treatment, the solution was
again washed two times using 0.5 M HCl. Then, alkali treat-
ment was initiated. For this treatment, 10% NaOH solution
was poured into the acid treated sawdust and the solution was
heated for 90 min at 150 °C. This step was done to remove
lignin from the raw material. The color of the sawdust now
became light yellowish; now, the pulpy sawdust extract was
treated with bleaching agent. This step was known as
bleaching step; this is the final step for extraction of cellulose.
In this step, the insoluble residue of the sawdust extract was
filtered and washed repeatedly with distilled water. To remove
the remaining part of lignin from the extract, 1% NaOCl or
sodium hypochlorite was added to the pulp and heated till
95 °C for 60 min. This step was done thrice to remove all
the lignin. Now, a white pulp of cellulose was left, which
was washed repeatedly with distilled water and made it
pH 7[24]. Finally, the obtained cellulose was dried for 24 h
at 50 °C in a vacuum drier to obtain the powdered form of

cellulose. The dried cellulose was pre iced at − 20 °C and
lyophilized at − 45 °C for 4 h. The powdered cellulose was
then stored in an air tight container.

2.2.4 Activated carbon coated with graphene oxide

The nanocomposite was prepared by solvo-thermal process.
The nanocomposite was made with 10 g of activated carbon
with 300mg graphene oxide. At first, the activated carbonwas
mixed thoroughly in 100 ml distilled water in stirrer for 2 h,
and 300 mg graphene oxide was mixed with 50 ml carbinol
and sonicated for 1 h. Then, both solutions were mixed in a
conical and sonicated for another half an hour. The resultant
solution was poured in the Teflon flux and refluxed for 12 h at
120 °C. Then, the solution was allowed to settle and the su-
pernatant was decanted and the filtrate was washed with eth-
anol and dried in a vacuum oven for 12 h at 80 °C. The
composite was stored in an air tight container.

2.2.5 Graphene oxide coated with cerium oxide, lanthanum
oxide, and zirconium oxide

Aqueous ammonia was used to dissolve cerium oxide (CeO),
and pH was maintained at 11. The whole solution stirred for
3 h. On the other hand, 0.5 mg/ml of GOwas sonicated for 3 h
separately at acetone media. The CeO solution and the GO
were then mixed slowly and stirred for another 3 h at a mag-
netic stirrer. The mixture was then poured at the Teflon flask
and autoclaved for 14 h at 120 °C by a solvo-thermal process.
After the autoclaving, the sample solution was kept for spe-
cific period of time. The mixture was taken out of the reactor
and cooled, then mixture repeatedly washed with water etha-
nol mixture and centrifuged, and the supernatant was
decanted. The nanocomposite obtained was then vacuum
dried at 80 °C for 5 h to obtain the powdered nanocomposite.

For preparation of GO coated with lanthanum oxide com-
posite, 100 ml of acetone was used as a dispersing media for
GO dispersion. GO 0.5 mg/ml solution was used for making
this composite; the solution was sonicated for 2 h. Twenty
milliliters of aqueous solution of lanthanum nitrate was soni-
cated separately for 2 h. Thirty milliliters of hydrazine hydrate
was then mixed to form the lanthanum oxide solution. Both
the sonicated GO solution and LaO solution were mixed to-
gether and stirrer for 2 h. The mixture was then poured at the
Teflon-coated hydrothermal autoclave reactor for 10 h at
150 °C by Zhang et al. [45, 37]. The mixture was taken out
of the reactor and cooled, then mixture repeatedly washed
with water and centrifuged, and the supernatant was decanted.
The nanocomposite obtained was then vacuum dried at
100 °C for 24 h to obtain the powdered nanocomposite.

The third composite made up of zirconium oxide (ZrO)–
coated GO was prepared by using 0.5 mg/ml GO in 100 ml
acetone solution, which was sonicated for 2 h. On the other

2101Biomass Conv. Bioref. (2023) 13:2099–2112



hand, 0.5 g zirconium oxychloride was dissolved in 30 ml
aqueous solution. One milliliter of hydrazine hydrate was
added to the solution and stirred in a magnetic stirrer for 2 h.
After 2 h, both the sonicated GO solution and the ZrO solution
were mixed in a beaker and stirrer for 1 h. The mixture was
then poured in a Teflon flask and refluxed for 12 h at 180 °C
by using hydrothermal reactor. After the autoclaving, the sam-
ple solution was kept for specific period of time [30]. The
mixture was taken out of the reactor and cooled, then mixture
repeatedly washed with water and centrifuged, and the super-
natant was decanted. The nanocomposite obtained was then
vacuum dried at 100 °C for 12 h to obtain the powdered
nanocomposite.

2.2.6 Cellulose coated with graphene oxide

The cellulose and graphene oxide were prepared in laboratory.
GO (0.07 g) was dissolved in doubled distilled water and
sonicated for 1 h at room temperature. Simultaneously, 0.7 g
cellulose was dissolved in double distilled water and sonicated
for 1 h. Then, both the solutions were mixed and 2.33 ml
aqueous ammonia was added to the mixture and stirrer for
1 h. The mixture was then poured in a Teflon flask and
refluxed for 12 h at 100 °C by using hydrothermal reactor.
After the autoclaving, the sample solution was kept for spe-
cific period of time. The mixture was taken out of the reactor
and cooled, then mixture repeatedly washed with water and
centrifuged, and the supernatant was decanted. The nanocom-
posite obtained was then freeze dried for 24 h to obtain the
powdered nanocomposite [38].

2.2.7 Activated carbon coated with zirconium oxide

Activated carbon (AC) obtained from sawdust (as described
earlier) was used here to make the composite. Eight of acti-
vated carbon was added to 30 ml of carbinol solution and
stirrer in a magnetic stirrer for 1 h and then sonicated for 2 h
to make a homogeneous mixture. The coating was done with
zirconium oxide nanoparticles (ZrO np). So to enhance the
surface activity of the activated carbon, its surface coating
was done. Five hundred milligrams of ZrO nanoparticle was
added in 50 ml H2O2 solution. Along with the ZrO nanopar-
ticle, 500 mg of NaOH was also added and the whole mixture
was sonicated for 30 min. Then, both the activated carbon
solution and ZrO solution were mixed and overnight at 35
°C for mixing properly and forming a strong bond between
AC and ZrO np. Then, the mixture was then poured in a
Teflon flask and refluxed for 8 h at 180 °C by using hydro-
thermal reactor. After the autoclaving, the sample solution
was kept for specific period of time [29]. The mixture was
taken out of the reactor and cooled, then mixture repeatedly
washed with water and centrifuged, and the supernatant was
decanted. The nanocomposite obtained was then vacuum

dried at 100 °C for 12 h to obtain the powdered
nanocomposite.

2.2.8 Activated carbon coated with graphene
oxide–zirconium oxide nanocomposite

Eight grams of ACwas dispersed in 30ml of 1:1 water ethanol
bath and then sonicated for 1 h. The well-dispersed AC solu-
tion was then fitted in a magnetic stirrer, and slowly, 800 mg
of graphene oxide–zirconium oxide nanocomposites was
added to it. Then, 0.5 ml NaOH and 0.5 ml H2O2 solution
were added to the mixture and stirred for another 2 h. Then,
the mixture was then poured in a Teflon flask and refluxed for
8 h at 180 °C by using hydrothermal reactor. After the
autoclaving the sample solution for specific period of time,
the mixture was taken out of the reactor and cooled, then
mixture repeatedly washed with water and centrifuged, and
the supernatant was decanted. The pH of the sample wasmade
neutral by repeated washing and then vacuum dried for 24 h at
80 °C. The power obtained was stored in air tight container.

2.3 Characterization of the composites

All the synthesized composites were characterized by differ-
ent characterization techniques. The structural morphology of
the synthesized nanocomposites was studied using SEM
(scanning electron microscope analysis), the presence of sur-
face active functional groups was detected using FTIR analy-
sis (Fourier transformation infrared spectroscopy), and the
crystalline structure of the composites was analyzed using
XRD analysis (X-ray diffraction). The thermal stability of
the synthesized composites was studied using TGA analysis
(thermo-gravimetric analysis). Lastly, one of the most impor-
tant parameters for structural analysis was done, i.e., surface
area analysis, using BET (Brunauer–Emmett–Teller) nitrogen
adsorption analysis.

2.4 The adsorption efficiency study of the composites

The efficiency of the prepared composites was studied by
removing one of the toxic pollutant present in nature, i.e.,
hexavalent chromium (Cr+6). All the nanocomposites were
characterized to know its physical and chemical properties.
The parameters optimized in this study were pH, adsorbent
dose, and initial. The detailed study of pH from pH 2 to pH 10,
adsorbent dose from 1 to 10 mg/ml, and contact time from 15
to 120 min were studied. The samples were collected and
analyzed by di-phenyl carbazide (DPC) method [3].

2.4.1 Removal of chromium using the composite

All the composites were taken into 50 ml Cr+6 solutions. For
pH this study, different pH 2, 4, 6, 8, and 10 were made with
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50 mg/l Cr+6 solutions. Adsorbent dose was kept constant
with 1 mg/ml, and the study was done for 120 min. For opti-
mizing adsorbent dose, different adsorbent doses were stud-
ied: 1 mg/ml, 2 mg/ml, 5 mg/ml, and 10 mg/ml. The opti-
mized pHwasmaintained throughout this study, and the study
was done for 120 min. Lastly, the effect of different concen-
trations of metal were studied to know the capacity of the
composite to remove high concentration of pollutants. All
the experiments were performed in triplicate, and the data
were plotted in the form of adsorption capacity in graphs.
The capacity of the composite to remove Cr+6 was studied
using the following equation [22]:

qe ¼ C0−Ceð Þ v
m

ð1Þ

qe capacity of adsorbent for metal removal (mg/g)
C0 initial metal ion concentration (mg/l)
Ce final metal ion concentration (mg/l)
v volume of metal solution used in this experiment (l)
m amount of adsorbent used in this experiment (g)

2.4.2 Preparation of Cr+6 stock solutions:-

Potassium dichromate (141.4 mg) was dissolved in 1000 ml
distilled water to make 50 mg/l stock solution. Standard solu-
tions were prepared by diluting the stock solution.

3 Results and discussion

3.1 Characterization of composites

3.1.1 FTIR analysis

Activated carbon obtained from pyrolysis of sawdust was an-
alyzed in FTIR (PerkinElmer Spectrum Version 10.4.4,
Waltham, USA). A sharp peak at 1029/cm was obtained
which denoted the presence of –OH group and C–O group
of –COOH, the peak observed at 3335/cm indicated the pres-
ence of –OH group, the presence of another sharp peak at
2914/cm indicated the presence of C–H stretching, and
1596/cm and 1228/cm peaks indicated the presence of C=O
groups [4, 16]. The presences of negatively charged functional
groups in the composite could be responsible for the removal
of many heavy metals. The presence of hydroxyl group was
mainly obtained from lignocelluloses of the sawdust. These
functional groups were mainly provided the active sorption
sites for pollutant removal, which in turn help in adsorption
process (Fig. 1a). The activated carbon obtained from biochar
had less number of functional group present than graphene
oxide–modified biochar [38]. Similar result was obtained

from sawdust based activated carbon and graphene oxide
composite. A characteristic peak at 3426/cmwas obtained that
indicated the presence of hydroxyl group like C=O group. The
peak obtained at 1722/cm and 1263/cm could be attributed to
C–C and C–OH groups, respectively. The presences of C–O–
C and aromatic compounds were validated by vibration
stretching at 1002/cm and 766/cm. The presence of these
functional groups indicated that the composite formation
was successfully done (Fig. 1b). The graphene oxide coated
with different metal oxides was also studied through FTIR
spectra. The graphene oxide composites included coating the
graphene material with cerium oxide, lanthanum oxide, and
zirconium oxide. The cerium oxide composites had four sharp
distinct peaks at 3745/cm, 2923/cm, 1568/cm, and 1186/cm.
The peak at 3745/cm indicated the presence of –OH group.
Anti-symmetric stretching of –CH2 group was indicated by
the peak obtained at 2923/cm. The –OH group and C=O
group were indicated by the other two groups [42] (Fig. 1c).
The composite was prepared from coating graphene oxide
with lanthanum oxide; the peak obtained near 3500/cm indi-
cated the –OH vibrational stretching. The peaks near 1500/cm
and 1100/cm indicated the presence of –COOH group which
usually is found in graphene oxide surface. The small peak
observed near 500/cm indicated the presence of lanthanum
oxide in the composite [18, 24, 27] (Fig. 1d). By analyzing
the FTIR spectra of surface, functionalized GO with zirconi-
um oxide had shown four distinct peaks at 2925/cm, 1120/cm,
748/cm, and 502/cm (Fig. 1e). The peak at 1120 indicated the
presence of –OH group of Zr–OH compound [29]. Anti-
symmetric stretching of –CH2 group was indicated by the
peak obtained at 2923/cm. The –OH group and C=O group
were indicated by the other two groups [42]. Peak (502/cm)
may be formed due to ZrO stretching at GO nanosheet. Peak
at 1120/cm was present due to CH2 anti-symmetrical
stretching of ZrOZr, the nanocomposite [17]. The composite
prepared from coating cellulose with graphene oxide had dis-
tinct peak at 3399/cm that indicated the presence of hydroxyl
group like C=O group; peak at 2925/cm was described earlier.
The peak at 1061/cm indicated the hydroxyl stretching of the
composite. In total, 1744/cm, 1451/cm, and 622/cm were
some of the other peaks that indicated the composite forma-
tion (Fig. 1f). The activated carbon was coated with zirconium
oxide nanoparticles to improve its function in pollutant re-
moval. The FTIR spectra showed some distinct peaks at
2926/cm, 1787/cm, and 1384/cm. The peaks obtained here
were almost similar with the graphene oxide composite; the
presence of C=O stretching was very prominent by analyzing
these peaks (Fig. 1g). The peak at 1384/cm indicated –C–OH
group [18]. The last composite which was prepared by coating
the activated carbon with surface functionalized graphene ox-
ide was analyzed, and the following peaks were obtained:
2926/cm was described earlier. The peak 1747/cm indicated
the presence of C=O group; the peaks at 1557 and 1145
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indicated the –OH stretching. The peak at 750 indicated the
bond formation of C–O–C group. The peak at 502/cm was
formed due to the presence of the metal bonding with GO
sheet (Fig. 1h).

3.1.2 SEM analysis

SEM (ZEISS EVO-MA 10, Carl Zeiss Microscopy, USA)
images were analyzed to know the composites surface mor-
phology. The porous structure of sawdust had a great potential
for pollutant removal. The surface active functional group and
the porous structure influence the removal capacity of the
composites. To improve its adsorption capability, surface
coating was done. The coating material includes cerium oxide,
graphene oxide, zirconium oxide, and lanthanum oxide. The
micro- and mesoporous structures of thermally modified saw-
dust or activated carbon were evident from Fig. 2a. Then, the
sawdust was coated with graphene oxide to increase its sur-
face activity. Since graphene oxides had high surface area and
contain many oxygenated functional group, so a good com-
posite was made out of it. Figure 2b shows the two-
dimensional structure of graphene oxide which had many uni-
formly distributed pores, and Fig. 2c shows the composite
prepared from coating activated carbon derived from sawdust
with GO. The highly porous structure of thermally modified
sawdust was enhanced with surface coating it with GO. The
surface coating was clearly visible. The presence of graphene
sheet on the embedded surface was visible in this figure. The
surface activity of the thermally modified sawdust was in-
creased by coating the surface of the biochar with zirconium
oxide nanoparticles (Fig. 2d). The thermally modified sawdust
coated with these nanomaterials enhances the surface activity

of the composite, hence increasing the removal efficiency of
these composites for pollution abatement. The coating of bio-
char with surface functionalized graphene oxide coated with
zirconium oxide nanoparticle is shown in Fig. 2e. The surface
activity and surface area of these composite were highly in-
creased with these surface modifications. The images shown
in this section for composite preparation show uniform surface
morphology.

3.1.3 XRD analysis

The thermally modified sawdust had shown three different
peaks at 25.65°, at 29.45°, and at 43.27° indicating the pres-
ence of lignin and tannin causing the amorphous structure [33]
shown in Fig. 3a. The presence of crystalline cellulose was
also observed by studying the peak at 25.65° [36]. The char-
acteristic peak of GO at 10° was obtained by XRD analysis
(PANalytical X-PERT PRO, Malvern Panalytical, UK) of the
sample prepared for making the composites as shown in Fig.
3b that was obtained from XRD analysis; a sharp peak was
obtained at 2θ = 11.9° indicating the interlayer spacing of
composite containing layered structure, and this peak may
be due to the presence of GO into the nanocomposite. The
XRD peaks at 20.66° and 25.24° are also typical for the pres-
ence of GO or by the reduced GO. The sharp peak at 26.38°
indicated the crystallinity of cellulose in sawdust based acti-
vated carbon. The peak obtained at 49.86° indicated graphite-
like structure, which can be formed due to carbonization of
sawdust [5]. The composite was made up of cellulose and
graphene oxide. Figure 3c shows distinct peaks at 22.8°,
16.34°, and 34.7°; these peaks were typically found when
crystalline cellulose is present into the composite [6, 19, 24].

Fig. 1 Fourier transformation infrared spectroscopy (FTIR) analysis. a
Thermally activated sawdust. b Activated carbon coated with graphene
oxide. c Graphene oxide coated with cerium oxide. d Graphene oxide
coated with lanthanum oxide. e Graphene oxide coated with zirconium

oxide. f Cellulose coated with graphene oxide. g Activated carbon coated
with zirconium oxide. h Activated carbon coated with graphene oxide–
zirconium oxide nanocomposite
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The composite made of graphene functionalized with zirconi-
um oxide is shown in Fig. 3d showing some distinct peaks at
28.25° and 34.25° that were observed indicating short layers
stacked in reduced graphene oxide [30]. Peaks at 40.85°,

50.2°, and 60° show the composite formation. The surface
coating of graphene oxide with lanthanum was analyzed by
XRD peaks at 20.4° and 26.25°; the presence of reduced GO
was indicated by peak at 26.25° [35]. The peak obtained at

Fig. 2 Scanning electronmicroscope (SEM) analysis. a Thermally activated sawdust. bGraphene oxide. cActivated carbon coated with graphene oxide.
d Activated carbon coated with zirconium oxide. e Activated carbon coated with graphene oxide–zirconium oxide nanocomposite
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29.947° indicated the presence of La2O3. The peak at 46.15°
indicated the presence of LaC2. The rest of the distinct peak
indicated the formation of Ancylite (Fig. 3e). The composite
prepared by coating GO with cerium oxide was studied using
XRD shown in Fig. 3f. Peak at 28.55° indicated the presence
of cerium oxide; the rest of the peak obtained by analyzing
these composites also suggests the presence of cerium oxide.
This result indicated uniform surface coating of the GO sur-
face with cerium oxide. The final composite studied through
XRD analysis was surface-coated activated carbon by surface
functionalized GO with zirconium oxide. Since the composite
was made up of different oxygenated compounds, different
distinguished peaks were obtained by analyzing this composite.
The peak obtained at 13° indicated the strong presence of GO.
The peaks obtained at 24.05°, 28.15°, 41.3°, 50.1°, and 55.35°
indicated the presence of zirconium oxide. The rest of the peaks
indicated the formation of mestranol (C21H26O2).
Lignocellulosic compound was commonly found in majority
of the pyrochars. The presence of these structures indicated a
good composite formation (Fig. 3g).

3.1.4 TGA

The thermal stability of the prepared composites was estimat-
ed using this TGA analysis (STA 6000, PerkinElmer, USA)
(Fig. 4a). The graph obtained from this analysis show a con-
tinuous heating of the nanocomposite up to 900 °C. In the
entire sample, there was an initial weight loss of composite
up to 120 °C. This attributes to loss of moisture on the nano-
composite surface. This was common for all nanocomposite
studied in this work [9]. The thermal degradation of this com-
posite can be seen in two major steps: first removal of surface
moisture and secondly removal of cellulose and lignin; the

degradation of these two components is at 300 °C.
Drastically, 50% of weight loss was seen after 300 °C till
900 °C. The thermal degradation of lignin occurs throughout
the temperature [43]. The composite made from cellulose GO
was also studied by TGA (Fig. 4b). The moisture loss was also
evident in this analysis. But this composite was stable up to
350 °C; the % weight loss was minimum up to this tempera-
ture. The degradation of cellulose and hemicellulose was seen
after this temperature. Fifty percent of the weight was lost
from 350 to 450 °C, and then, there was a sudden drop in
degradation which was slowly in progressing up to 650 °C.
The inorganic residues were commonly degraded in this tem-
perature range [21]. The composites prepared by coating ac-
tivated carbon with surface functionalized graphene oxide
with zirconium oxide were studied in TGA. The composite
prepared had shown high thermal stability. There was up to
3.5% weight loss to the whole temperature degradation study.
Only the moisture on the surface of the nanocomposite was
removed at initial stage. The loss of volatile matter was found
to be negligible in this composite (Fig. 4c). This result indi-
cated a good surface coating, which had increased the thermal
stability of the composite many folds. In up to 200 °C, no
degradation was observed; after this temperature, a steady
but minimum % weight loss was achieved till 900 °C. The
high thermal stability of this composite made it more efficient
for pollutant removal. The higher temperature tolerance is a
bonus point for its utility in many industrial processes. The
composite can be used high-temperature system. The activat-
ed carbon prepared from paralyzing chemically modified saw-
dust was shown in Fig. 4d. The temperature stability of the
activated carbon was maintained up to 350 °C. Then, a sharp
decrease in weight percentage was seen within 400 °C
which gradually maintained up to 900 °C. The coating

Fig. 3 X-ray diffraction (XRD) analysis. a Thermally activated sawdust.
b Activated carbon coated with graphene oxide. c Cellulose coated with
graphene oxide. d Graphene oxide coated with zirconium oxide. e

Graphene oxide coated with lanthanum oxide. f Graphene oxide coated
with cerium oxide. g Activated carbon coated with graphene oxide–
zirconium oxide nanocomposite
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of activated carbon with zirconium oxide had shown a
steady weight loss (Fig. 4e). The metal coating had pro-
vided the composites with thermal stability than the nor-
mal activated carbon. This statement could be validated
by comparing the graphs obtained from TGA analysis.
The thermal stability study of the composites gives an

average estimation of the maximum bearable temperature
by the adsorbent before it got degraded. Many industrial
processes discharge high-temperature effluent water, and
some adsorption process works better in higher tempera-
ture, so the thermal stability of the adsorbent plays an
important role in the adsorption process.

Fig. 4 Thermo-gravimetric analysis (TGA). aActivated carbon coated with graphene oxide. bCellulose coated with graphene oxide. cActivated carbon
coated with graphene oxide–zirconium oxide nanocomposite. d Thermally activated sawdust. e Activated carbon coated with zirconium oxide
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3.1.5 BET analysis

BET analysis was done to estimate the surface area of the
composite. The surface area is an important parameter for
composite preparation. The higher the surface area, the higher
would be the composite dispersion capability. All the samples
were tested in BET analyzer (Autosorb-iQ-MP/XR,
Quantachrome instruments, USA) by nitrogen adsorption
method. The surface area (m2/g) and the pore volume (cm3/
g) were obtained from this analysis. Table 1 shows the reports
obtained from BET analysis. The composite prepared by coat-
ing GO with metals like lanthanum oxide, zirconium oxide,
and cerium oxide was analyzed in BET analyzer, but the sur-
face area obtained from these composites was less as com-
pared with activated carbon–based composites. The compos-
ite prepared by coating cellulose with GO had also given
lower surface area than the other activated carbon–based com-
posites. The sawdust coated with GO and zirconium oxide had
shown surface area of 96.979 m2/g and 138.45 m2/g, respec-
tively. The final composite prepared by coating the activated
carbon with zirconium functionalized GO was found to be
highest among all the composite studied. The surface area of
this composite was found to be 314.842 m2/g. The composite
prepared by coating GO with cerium oxide had shown the
lowest surface area among the entire composite, i.e.,
9.890 m2/g. The composite prepared from zirconium-coated
GO was 25.342 m2/g and lanthanum-coated GO was found to
be 16.446 m2/g. The lower surface area of these composites
can be due to agglomeration of metal oxide to the GO surface,
causing the reduction in surface area. The analysis of activated
carbon–based composites shows higher surface area than the
graphene-based composites. The composites like activated
carbon coated with GO and lanthanum oxide had provided
more surface area due to its high surface area and high poros-
ity. The metal coating had enhanced the surface area of the
composite; the nanostructure of the metal oxide could be re-
sponsible for enhancing activated carbon surface. The coating
of graphene oxide had lower surface area than the other acti-
vated carbon–based composites. The final composite studied
was activated carbon coated with functionalized GO. The sur-
face area obtained by analyzing this composite highest among

all the composites, i.e., 314.842 m2/g. The higher surface area
was obtained due to presence of activated carbon as the base
material. All the activated carbon–based composites have high
surface area; this can be due to presencemicro- andmesopores
on the surface of the activated carbon. The highly porous
structure was able to accommodate the functionalized GO
on to its surface. The mesopores were mainly responsible for
this phenomenon. The functionalized GO was able to bind in
the intricate channels of the activated carbon. The pore vol-
ume of this composite 0.101 cm3/g was higher than the others;
the presence of higher number of pores was the determining
factor for the composite formation. The presence of pores was
directly proportional with the surface area as obtained by an-
alyzing results from this study.

3.2 Removal efficiency of the nanocomposite

The removal of Cr+6 was optimized by analyzing the param-
eters like pH, adsorbent dose, and metal ion concentration.

The optimum pH obtained from studying these parameters
was in acidic range, i.e., from pH 2 to 4 (Fig. 5a). The chro-
mium species predominantly present in this range was
HCrO4

−. Mainly, three composites among the seven compos-
ites had responded efficiently in Cr+6 removals; among them,
the activated carbon coated with surface functionalized
graphene oxide was able to remove good amount of
hexavalent chromium from the solution (14.67 mg/g).. The
composite prepared from coating activated carbon with zirco-
nium oxide nanoparticle also showed a good removal capacity
(8.41 mg/g). The other composites does not responded effec-
tively in Cr+6 removal (0.09 mg/g for GO coated with CeO).
The surface protonation always played an important role in
Cr+6 removal; as the pH of the test solution increased, there
may be the presence of more OH– group on the solution, with
a repulsion between the chromium species and the adsorption
surface [40]. The deprotonating was found to be the main
cause behind the lower removal efficiency of the composite
at higher pH [34]. The effectiveness of these in acidic to neu-
tral pH provided a solution for these composites in advanced
waste water treatment technology. The inclination towards

Table 1 BET surface area of
different composites Sample name Surface area (m2/g) Pore volume (cm3/g)

GO-coated lanthanum oxide 16.446 0.006

GO-coated zirconium oxide 25.342 0.009

GO-coated cerium oxide 9.890 0.008

Sawdust coated with zirconium oxide 138.45 0.070

Cellulose coated with graphene oxide 22.550 0.008

Sawdust coated with GO 96.979 0.058

Sawdust coated with zirconium functionalized GO 314.842 0.101
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acidic pH had shown regeneration capacity of the composite
in alkaline solution.

The rest of the composite had lower affinity towards the Cr+6

removals and may be due to the lack of surface protonation and
the presence of active surface functional group. From FTIR anal-
ysis, it was observed that the zirconium oxide–modified GO
coating in activated carbon has provided many active functional
groups in the composite. They were mainly hydroxyl, carbonyl,
and hydronium ions; these active functional groups helped in
binding the metal to the composite surface through weak chem-
ical bonds. The surface active functional groups also played a
vital role in attaching metal ion on the adsorbent surface. So
surface protonation was not only the deterring factor for adsorp-
tion process, complexation, and chemical bonding; there could
possibly be other factors responsible for the adsorption process.

The adsorbent dosage for Cr+6 removal was found to be an
effective parameter in this study. The removal percentage was
high with higher adsorbent dose which decreased with low
adsorbent dosage. As the dosage of the composite increased,
the adsorbent capacity decreased simultaneously (Fig. 5b)
composites. The decrease in adsorbent capacity could be due
to formation of intermolecular attraction between the nano-
composite particles as the concentration of composite

increased in a specific volume of metal ion solution [18].
The adsorbent dose for 1 mg/ml of metal ion solution was
found to be high enough than the other selected adsorbent
doses. In this study, the activated carbons coated with surface
functionalized GO had higher adsorption capability than the
other composites. The surface area of this composite was high
as compared with other composites. The removal capability
was second for activated carbon coated with GO and then
activated carbon coated with zirconium oxide nanoparticles;
the surface areas of this composites were found to be
314.842 m2/g, 96.979 m2/g, and 138.45 m2/g, respectively.
These three composites had the highest surface area than the
other composites, so they had the highest removal capacity
than others. The lowest surface area observed among the com-
posites was 9.890 m2/g, for GO coated with cerium oxide. The
last parameter studied in this experiment was the capacity of
the composite in removing high concentration of metal. The
concentrations of Cr+6 studied were 10mg/l, 50 mg/l, 100 mg/
l, and 150 mg/l. The capacity of the composite to remove
metal ion concentration was directly proportional to the con-
centration of metal ion (Fig. 5c). The composites synthesized
in this study had highly porous structure. The higher the metal
ion concentration, the higher would be the adherence of metal

Fig. 5 a Adsorption capacity of various nanocomposites at various pH of the solution. b Adsorption capacity of nanocomposite at various doses for the
removal of chromium solution. c Adsorption capacity of chromium at various initial concentrations of metal ion
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into the surface of the composite. At high concentration, the
availability of the metal ion was high and the chance of ad-
herence of metal on the composite surface was also high. The
pores present in the composite surface got higher chance for
interaction between metal ion and the composite surface. So
the surface active functional group got occupied with the met-
al ions more easily than the lower metal concentrations.
Another factor was the effect of the metal oxide to reduce
the Cr6+, and then, chromium was adsorbed on the carbona-
ceous surface. It can be inferred that the removal efficiency of
ZrO-graphene oxide–coated activated carbon was higher than
the composite of graphene oxide–coated activated carbon
(Fig. 5a–c). The availability of the functional groups also
played an important role along with the number of pores pres-
ent on the surface [4]. So the determining factor for this study
was the pore volume, pore structure, catalytic activity of the
metal ion, and active surface functional groups. The nanocom-
posites prepared by coating activated carbon with surface
functionalized GO had the highest adsorption capacity. Due
to its porous structure and presence of many oxygenated func-
tional group onto its surface, the activated carbon coated with
GO and lanthanum oxide comes to second and third places,
respectively. The high concentration of metal ion had given a
higher adsorbent capacity; above 160 mg/g of adsorbent ca-
pacity was obtained by the composite prepared from zirconi-
um oxide GO–coated activated carbon and GO-coated acti-
vated carbon. The rest of the composites did not have this high
adsorbent capacity. The high metal removing capacity for
higher concentration of metal ion shows its potential usage
in industrial application.

4 Conclusion

This study deals with synthesis of various nanocomposites
namely activated carbon coated with surface functionalized
GO with zirconium oxide, activated carbon coated with zirco-
nium oxide, activated carbon coated with graphene oxide,
graphene oxide coated with cerium oxide, graphene oxide coat-
ed with lanthanum oxide, graphene oxide coated with zirconi-
um oxide, and cellulose coated with graphene oxide. Among all
of the abovementioned composites, the activated carbon coated
with surface functionalized GOwith zirconium oxide, activated
carbon coated with zirconium oxide, and activated carbon coat-
ed with graphene oxide had shown good characteristic features.
These three composites had high amount of active surface func-
tional group, surface area, and pore volume and pore structure.
They had high thermal stability and crystalline structure. The
efficiency of these composites was estimated by applying these
composites in removing hexavalent chromium (Cr+6).
Parameters like pH, adsorbent dose, and metal ion concentra-
tion were studied. The pH study for Cr+6 removal was an im-
portant parameter, since the chromium species exist in different

forms in different pH. The acidic pH with 1 mg/ml adsorbent
dose and up to 150 mg/l of hexavalent chromium could effi-
ciently be removed by these three composites.
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