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Abstract

In the present work, an efficient system for removal of pentavalent arsenic (As (V)) from
water has been developed using novel three—dimensional (3D) light weight carbon foam. The
carbon foam was synthesized from phenolic resin by sacrificial template technique followed
by stabilisation and carbonisation. The carbon foam was characterized by X-ray diffraction
(XRD) for phase identification and energy dispersive spectroscopy (EDS) for compositional
analysis. This same carbon foam has been utilized for the removal of As (V) and remaining
concentration were determined using atomic absorption spectrophotometer-hydride generator
(AAS-HG) at varying adsorption parameters, viz. time, pH and adsorbate dose. The
adsorption data is best fitted to Langmuir isotherm and suggests monolayer adsorption over
homogenous surface. The adsorption capacity of carbon foam is 3>8.4ugg'1 and % of arsenic
removal is 99.1% which is very high as compare to other low density carbon materials. The
carbon foams efficiently adsorbed As (V) and purify water below the prescribed limit of
world health organization (WHO) and united state-environmental protection agency (US-
EPA).

* Corresponding author. Tel.: +91-11-45609388; Email address:dhakate@mail.nplindia.org
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1. Introduction:

The natural as well as anthropogenic contamination of toxic metals (mercury, cadmium, lead,
arsenic, chromium) in the environment as per U.S. Environmental Protection Agency (US-
EPA) are of major concern because of their toxicity, bio-accumulating tendency, threat to
human life and environment."” % ** Arsenic is one of the highly poisonous threatens to the
health of human and ecological balance.” Widespread arsenic contamination in groundwater
has led to a massive epidemic in Asia and America, especially in India, Bangladesh, Vietnam,
Cambodia, Thailand, southwest USA, Canada, Chile etc. Thus, the remediation of arsenic
pollution has attracted worldwide attention.®’

Arsenic concentration in various water bodies is increasing day by day due to several reasons
like use of arsenical pesticides, mineral dissolution, mine drainage, disposal of fly ash, and
geothermal discharge. According to the European Commission, WHO and US-EPA, the
acceptable limit of arsenic in drinking water is 10 pg L'.* The long-term even low
concentration of As (V) in drinking water disturbs the normal functioning of nervous and
cardiovascular system and also increases the risk of cancer of skin, kidney, liver, and
prostate. %10

Several technologies reported in the literature for As (V) removal are precipitation,
nanofiltration, reverse osmosis, electrodialysis, adsorption, ion exchange, solvent extraction,
and bioremediation.'''® Most of these techniques are well-established and have their merits
and inherent limitations such as the generation of toxic waste, low as removal efficiencies,
and high cost.'” Among these techniques, adsorption has been recognized to be an efficient
technique for As (V) removal. Besides these several materials like lanthanum, iron
compounds, mineral oxides, and biological materials'” '® have been studied for As removal.
The use of polymeric resins, activated carbon, 19 activated alumina, iron-coated sand, *°

hydrous ferric oxide,”' natural ores and metal modified adsorbents have generated much
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222 Carbon materials like activated carbon, carbon fibers,

interest for better performance.
carbon nanotubes (CNTs) and graphene have been studied for the removal of arsenic from
ground water. Activated carbon and iron doped activated carbon have been developed for
removing the arsenic from contaminated water due to selective afﬁnity.m’25 Graphene and
carbon nanotubes (CNT) also act as good adsorbent for arsenic because it possesses fibrous
shape with high aspect ratio, large surface area and well developed mesopores.26’27 Liu et al
demonstrated TiO, coated carbon nanotube for removal of arsenic from contaminated
water.”® Mitra et al has also developed multiwalled carbon nanotube (MWCNT) coated with
Fe;0,4 for removing even trace amount of arsenic to meet drinking water standards.?"°
Porous materials are good candidates for adsorption of heavy metals because of facile
diffusion of reactants and products through the pores, regular and tunable pore size with
uniform pore structure, and good physiochemical stability as well as their large surface area
and pore volume. *"* **** It is known that porous carbon materials, which are thermally
stable, chemically inert and low cost, show better adsorption property for heavy metals.
Furthermore, Burke et al** and Lee et al*® reported that mesoporous carbon foam have been
used for the removal of copper and lead. Though significance progress has been made for the
removal of heavy metals from water. However, nobody has reported yet the uptake proper
mechanism and pathways for the removal of arsenic from water using carbon foam.

In view of above, we have fabricated 3D lightweight porous carbon foam of large and
uniform pore size for the removal of As (V). The proposed fabricated carbon foam have
interconnected pores having large surface area, large pore volume and provides several
advantages over other types of mesoporous as well as carbon nanomaterials. The carbon foam
was fabricated by dipping polyurethane foam template in phenol formaldehyde solution

followed by oxidation at 300°C for 15 hrs in air atmosphere. Further carbonization was done

at 1000°C in inert atmosphere.
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2. Experimental Procedure

2.1 Chemicals and Materials

For the fabrication of carbon foam polyurethane foam (PU) as template was procured from S.
G. & Company, New Delhi-India. The chemicals for the fabrications, As (V) removal studies
and potentiometric titration like phenol formaldehyde, Acetone, Sodium borohydride,
Hydrochloric acid, Sodium hydroxide, Potassium hydroxide, Nitric acid, sodium salt of
ethylene diamine tetra acetic acid, Potassium nitrate etc were procured from E. Merck India.
All the chemicals used were of analytical grade. Double distilled water was used for the
fabrication related work, while de-ionized water of 18.2 mega Q resistivity (Millipore, Milli-
Q element- USA) was used for absorption studies. The As (V) removal studies and
calibration of AAS-HG was done using Merck Germany make traceable certified reference
standard after appropriate dilutions. All the glassware used for fabrication and experimental
studies were procured from Borosil India limited. The pH during experiments was adjusted
using Orion make 3-star benchtop pH meter.

2.1. Fabrication of Carbon Foam

Carbon foam has been fabricated by the sacrificial template route by impregnating phenolic
resin in the commercially available PU foams.**>® The PU foams slabs (density, 0.030 g cc™,
cell size 0.45 mm; cell number per unit length, 50 pores per inch) were used as a template.
The templates were dipped into 35% of phenolic resin in organic solvent like acetone.
Initially porous PU foam slabs (average dimensions: 30 mm x 20mm x 10 mm) have been
cleaned with distilled water and dried in air at 100°C for 6 hrs. The dried foams were then
dipped repeatedly 2-3 times into phenolic resin solution. The impregnated foams were dried
in an oven at 100°C for 12 hrs in order to evaporate organic solvent. The dried foams were
then oxidised at 300°C (@10 °C/ hr) in air atmosphere for one hour. This heat treatment

process at 300°C has been carried out for stabilization of the interconnected resin network by
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introducing cross-links in the structure. Further the dried foams were carbonized at 1000 °C
for 1 hour in inert atmosphere and resultant carbon foam having a bulk densities in the range
of 0.25- 0.35 gem->. The dried foams were then used for As (V) removal process. A

schematic diagram from fabrication to As (V) adsorption has been given in figure 1.
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Figure 1: Schematic diagram shows the fabrication process of carbon foam for the
removal of As (V)

2.2. Characterization

The morphology of the carbon foams before and after removal of As (V) was observed by
using Scanning electron microscope [SEM (LEO 440)] from USA. FTIR studies were also
carried out before and after removal of As (V) using thermo Nicolet model 380 procured
from United Kingdom. The XPS spectra of carbon foam before and after removal of As (V)
was obtained using a Multi Lab 2000 spectrometer (Thermo Electron Corporation, England)
to investigate the elements composition and surface groups present on the surface of the
carbon foam samples. Al Ka (1485.6 eV) was used as the X-ray source with a 14.9 keV

anode voltage, a 4.6 A filament current and a 20 mA emission current. The XPS spectra were
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obtained with 50 eV pass energy and a 0.5¢V step size. Core level spectra were obtained at
20 eV pass energy with a 0.05 eV step size. The phase identification and crystallite size of
pure foam and after As (V) adsorption were done using Rigaku powder X —ray diffractometer
(model XRG 2kw) using CuK,, radiation (A=1.54059 A). The As (V) removal studies were
carried out using analytic jena Germany make AAS-HG, model vario-6 at optimized

conditions.

2.3. Point Zero Charge

Point of zero charge (pzc) is the pH of a material at which the surface of the material
becomes neutrally charged. The pHpzc of carbon foam has been confirmed using
potentiometric titration.”” To determine pHpzc, carbon foam was dipped in 25ml solution of
0.03M KNO;s solution and the solution was left overnight (24 hrs) under constant stirring for
stabilizing the pH. Further 0.1 ml solution of 1M KOH was added into the solution of KNO;
and pH was recorded after each addition of 20 pL solution of 0.1M HNOs; using micropipette.
Blank titration was also done in a similar way. The pHpzc of the carbon foam was
determined from the curve of pH against acid consumed as presented in Figure 2 (a).

2.4. Adsorption studies

For the As (V) adsorption study, the stock solution of As (V) of desired strength was
prepared after appropriate dilution in de-ionized water. The pH of the solution was adjusted
by adding solution of 0.001M HCI and KOH. The carbon foam was dipped for 24 hours. The
decanted solution was analyzed for left over concentration of As (V) using 3% sodium
borohydride, 1.5% NaOH, and 2% HCI for arsenic hydride generation. Atomization of As
(V) was carried out at 900°C using electro thermal heating in the presence of Argon gas with
36 ml min" flow rate.* The adsorption capacity of carbon foam was calculated by using

equation (1) and (2)

Page 6 of 24



Page 7 of 24

RSC Advances
. I et o
adsorption capacity = —— X v o )
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Where C; is initial concentration of arsenic (V) solution, Cr is the final concentration of As
(V) remaining in the solution; V is the volume of solution, w is the weight of adsorbent (g).

3. Results and Discussion

3.1. Effect of pH

The pH of the aqueous solution is the most important factor for As (V) removal. The
relationship between the pH and pHpzc of a solution has a significant effect on adsorption at
the liquid-solid interface. As (V) species is present in water with three forms of which the
acid base dissociation constant (pKa) values are 2.2, 7.0 and 11.5 respectively.** H,AsO4 and
HAsO4” are the main species which is found in natural water with pH range 5-8. For the
optimization of pH several sets of solution were prepared by varying pH from 2 to 10 and in
these solutions, carbon foams were dipped in these solutions and kept for 24 hours. The
decanted solutions were analysed by AAS-HG for remaining concentration of As (V). The %
removal of As (V) Vs pH has been presented in figure-2 (b). From the figure it has been
observed that maximum adsorption occurred between 4 to 5 pH, whereas on increasing pH
above 5, there is a gradual decrease adsorption. The distribution profile was constructed as a

function of solution pH based on the following three equilibrium and their respective stability

constants.
H;AsO; ——» H,AsO, +H' (pK1=2.3) - (3)
H)AsO; - — HAsO4°+H' (pK2=6.7) --------- @)
HAsO; 2 — AsO,°+H' (pK3z=11.6) ------- (5)

The pH pzc of the carbon foam was observed to be 7.45, whereas maximum adsorption
occurred between 4-5 pH ranges, which denote that the surface of the adsorbent is positively

charged. The surface of the adsorbate is negatively charged (H,AsO4'), while surface of
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adsorbent is positively charged and would be involved in protonation of -OH group. The
positive surface of adsorbent (carbon foam) attracts the negative surface of adsorbate
(H2AsOy) because of electrostatic interaction. The schematic diagram of possible chemical

interaction is given in figure-3.
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Figure 2: (a) pHpzc and (b) Effect of pH on arsenic (V) adsorption capacity

Carbon Foam Structure OH OH

OH," H,As0,  OH," H,AsO,

Figure 3: schematic diagram of chemical interaction between carbon foam and As (V)

3.2. Structural and Morphological Analysis
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The XPS is an excellent tool to identify the functional groups present on the surface of the
material. The XPS spectra of carbon foam before and after As (V) adsorption were taken as
given in Figure 4 (a-d). It consist of carbon Cls and oxygen Ols spectra, which is due to the
electron transition from carbon-oxygen atoms of different atomic configuration and their
shape depends upon atomic densities. The evaluation of bonding content consists of spectra

background subtraction, followed by fitting of Gaussian-Lorentzian asymmetric functions to
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Figure 4: XPS spectra of carbon foam before As (V) adsorption (a-b) and (c-f) after As
(V) adsorption

the measured spectra, selecting the relevant binding energy values from literature.”* In both
the cases, asymmetric peaks were observed centred at different binding energies with long

tail extended to the higher energy region. In both the cases, (carbon foam before and after
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arsenic adsorption), the deconvolution of Cls spectra is split into four peaks as shown in
Figure 4 (a) and 4 (c). The first (Cls A) peak was observed at 284.5 eV of carbon (C-C) in
graphitic type, second peak (Cls B) was found at 286.0 eV of carbon singly bound to oxygen
(C-0O) in phenols and ethers, third peak (Cls C) was found at 286.6 eV of carbon doubly
bound to oxygen (C=0) in ketones and quinones, and fourth peak (Cls D) at 289.2 of carbon
bound to two oxygen (-COO) in carboxyl, carboxylic anhydrides and ester. Moreover,
deconvolution of the Ols spectrum of both carbon foams split into two peaks (figure 4 (b)
and (d)), first oxygen doubly bound to carbon (O=C) at 533.2 eV in the form of quinones,
ketones and aldehydes and second oxygen single bound to carbon (O-C) at 536.6 eV in the
form of ethers and phenols. However, after adsorption of As (V), the carbon and oxygen peak
area is gradually increase as show in figure (4 ¢ and d). Figure 4 (e) shows the XPS spectra of
As (V) in carbon foam after adsorption. The peaks at 43 and 45.26 eV are assigned As and
As:0s5 respectively.43 M

XRD spectra of carbon foam before and after As (V) adsorption are shown in Figure 5
(a) and (b) respectively. Two broad diffraction peaks at 24.9° and 43.1° are shown in Figure
5(a) which correspond to the amorphous nature of carbon of (002) and (100) lattice plane,
respectively, which is due to the turbostatic nature of phenolic resin at 1000 °C. This finding
is due to the formation of glassy carbon structures from which is derived from thermosetting
phenolic resin polymer. The peak at 26 = 24.9° corresponds to (002) plane of carbon
materials. It is seen that the interlayer spacing (doo2) of pristine carbon foam is 0.3509 nm.
However, after adsorption of As (V) onto the carbon foam, the peak at 26 =24.9° is shifted to
25.1° as presented in Figure 5 (b). The shifting and increases in peak intensity confirms the
presence of As (V) adsorption over the carbon foam.

The FTIR spectra of pristine carbon foam and carbon foam after As (V) adsorption

recorded by varying wave number in the range of 4000-500 cm™ are shown in Figure 5 (c)
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and (d). In both the samples, it can be seen that there are strong absorption peaks in the range
of 3400-3700 cm™. These are due to —OH stretching vibrations; and indicate the presence of

high content of hydroxyl groups present on the surface of carbon foam.

~ |C F ith As(V

5 Carbon Foam S |Carbon Foam with As(V)|
—_ (=) — 8
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3 @ |3 (b)
2 - z s
2 S c .
8 2
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Figure 5: (a), (b) XRD spectra and (c), (d) FTIR spectra of carbon foam before and
after As (V) adsorption respectively

The absorption peaks at 3040 and 3042 cm™ indicate the presence of sp” carbon (C=C).
After As (V) adsorption by carbon foam (Figure 5 (d) ), three new peaks are observed
between the wave number of 800-1600 cm™, the peaks in this range are due to As (V)
adsorption on the surface of carbon foam as confirmed by XRD. The peak at 1450 ¢cm™
indicates the symmetric and asymmetric stretching of COO™ group and peak at 1060 em’ is

due to C=0 stretching of the COO" group and peak at 870cm™ is due to the —OH banding.
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SEM images of pristine carbon foam as well as after adsorption of As (V) are
depicted in Figure 6 (a-b). As seen in Figure 6 (a), the carbon foam exhibits fairly surface and
uniform pore size in the range 200-300um with a narrow ligaments. Also, virtually all cells
are open and connected to several neighbouring cells. An XRD result shows that carbon
foam having turbostatic structures (higher interlayer spacing) which correspond to the
amorphous nature of carbon. However, when this carbon foam was used to remove As (V)
from water there is some chemical reaction are occurred and form C-H,AsO4 . Due to this
chemical interaction and acidic nature of HyAsOy, carbon foam ligaments gets deformatted
and wider as shown in figure 6 (b), Moreover, the surface of carbon foam is become coarser

by deposition of As (V).

Figure 6: SEM images of (a) pristine carbon foam, (b) after As (V) adsorption
3.3. Kinetic study
Kinetic study is one of the most important characteristics that define the efficiency of
adsorption. The experiment has been brought off with 1 mg L™ concentration of As (V) at
optimized parameters. Figure 7 represents the adsorption efficiency of carbon foams with
respect to time. It has been observed that maximum adsorption occurred in 6 hours. The
proposed material effectively removed As (V) below prescribed limits of WHO. Figure 7(a),

(b), (c¢) and (d) represents percent removal, adsorption capacity, pseudo second order, and
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first order kinetics respectively. The pseudo second order kinetics has been given in equation

6 & 7).

t 1 t
— = ;t— (pseudo second Order) -—- (6)
14 kzge 9ge

In above equation, If time‘t’ is zero, then the initial sorption rate ‘h’ will be calculated using
equation (7).

h=k,q - (D)

In above equation (6 & 7), ‘q.’ and ‘q,” (Mg g'l) are the adsorption capacity of carbon foam at
equilibrium ‘e’ and at time ‘t” respectively, ‘h’ (ug g 'min™") represents the initial adsorption

rate and ‘k,’ (g pg” min™) is the rate constant.

The pseudo first Order kinetics (equation-8), represents the adsorption rates which depend

either on the concentration of adsorbate or adsorbent.

In(q, —q,) = Ing, — k,t (pseudo first order) -—-(8)

In equation (8), ‘q.” and ‘qy (Mg g'l) are the adsorption capacity of carbon foam at

B

equilibrium ‘e’ and at time ‘t’ respectively, ‘k;’ is the rate constant (min™).
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Figure 7: Effect of time on (a) As (V) removal, (b) adsorption capacity (q.) of As (V), (¢)
pseudo second order kinetics and (d) pseudo first order kinetics

The adsorption kinetics experimental data was fitted to equation (6) and (8) to study the
adsorption behaviour of the carbon foam. This study suggests whether the material follow
pseudo second or first order kinetics. Figure 7(b) shows the adsorption capacity of carbon
foam with respect to time. The adsorption capacity of the proposed carbon foam was found to
be 10 pg g'. Figure 7(c) explains the pseudo second order kinetics equation with respect to
adsorption capacity‘t/q,’ Vs time ‘t’. The adsorption capacity ‘q.’, adsorption rate ‘h’, rate
constant ‘k’ and coefficient of determination ‘R?’ was calculated by slope and intercept of
figure 7 (c). The value of ‘h’, °k’, and ‘R* were found to be 8.0 ug g” min™, 0.0474 g pg™

min” and 0.973 respectively. The adsorption capacity (q.) was calculated from figure 7 (c)

and compare with the experimental data. It has been concluded that experimental adsorption
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capacity (10 pug g”) and theoretical adsorption capacity (13 ug g") results are comparable.
Figure 7(d) represents the pseudo first order kinetic, and it has been observed that first order
kinetics is not applicable for the proposed material. From the figure 7(d), the value of ‘R?’ is
found to 0.90, which is less than pseudo second order kinetics (0.97). We can be concluded
that the adsorption kinetics follows second order kinetic and the adsorption rate of As (V)
depends on the concentration of adsorbate and adsorbent.

3.4. Adsorption isotherm

Adsorption isotherm describes the equilibrium relationship between solid and liquid
interfaces and can be explained in the form of Langmuir, Freundlich , Temkin and Dubinin-
Radushkevich (D-R) isotherms.” In the proposed study we have used only Langmuir,
Freundlich isotherm to understand the behaviour of adsorbent and adsorbate. Langmuir
isotherm suggests that adsorption of the metal ions occurs on a homogeneous surface by
monolayer without any interaction between adsorbent and adsorbate. It also describes
numbers of specific active sites which interacts with adsorbate molecules. Whereas,
Freundlich adsorption isotherm suggests heterogeneous nature of adsorbent surface and
multilayers adsorption of the adsorbate onto the surface of adsorbent.*® The adsorption
capacity of carbon foam for As (V) has been calculated using the equilibrium adsorption
isotherm by varying the initial concentration of As (V) from 1 to 10 mg L with fixed
amount of adsorbent (approx. 1.8 g). All the experiments were carried out in 25 mL of As (V)
solutions. Initially the adsorption capacity of carbon foam increases, which gradually
decreases on increasing concentration of As (V) due to exhaust of active sites present over
the surface of carbon foam. The maximum adsorption capacity of carbon foam was observed

at 3mgL™ concentration within 6 hours and shown in figure 8 (a).
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The adsorption capacity of fixed amount of carbon foam Vs remaining concentration
of As (V) data were fitted using Langmuir isotherm. The adsorption capacity of carbon foam
was calculated using equation-9 as given below;

cf 1 cf

=—+L e ©)

de Kigm qm

Where Cr(mg L) is the remaining concentration of As (V), g (ng ") is the adsorption

capacity at equilibrium, qm (ug g") is the maximum adsorption capacity, Ki (L pg™) is the

energy of reaction.

4e| - 250 b
- a) oo
35{*~° \f ) > 2004 Y=0.030x+0.121 ( )
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2 25| 5 3
= 60 S 100
S 204 = U
L40 2 501
154 ~~ qe(mglg) = )
()
10 1ol - As removal (%) 20 1 ' '
10' 10 10° 10° 10 10° 10° 10*
Cs (uglL) Cing/L)

Figure 8: (a) Effect of remaining concentration of As (V) on adsorption capacity of
carbon foam, and (b) Langmuir adsorption isotherm

The value of K and q,, were calculated from linear plot of ‘Cf/qe’ Vs ‘Cf” as shown in 8 (b).
The value of Ki, qm, and R* were found to be 0.248 L pg’, 38.44 pg g’ and 0.999
respectively. The value of regression coefficient was found to be 0.999, which follows
Langmuir isotherm. On the basis of Langmuir isotherm, it can be concluded that there is a
monolayer adsorption over carbon foam surface. The value of separation factor (Rr) was

calculated using equation (10) as given below;

_ i
L [ .
1+(KpC;)

In the above equation, Ci denotes initial concentration of arsenic solution, K; is Langmuir

constant. The separation factor (Ry) value describes the nature of adsorption as given below;
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R >1 unfavourable,
R =0 then linear,
0<R;<1 favourable,
R >0 irreversible
On the basis of above assumptions, separation factor,” the value of R; was found less than 1,
which suggest feasibility of the process and adsorption of As(V) over the surface of carbon
foam is favourable.
The Freundlich isotherm has also been studied to know the heterogeneous nature of

carbon foam. The data has been fitted in freundlich adsorption isotherm as given below

Qe — Kf,Cf 1/n

logqe = logK¢+1/n log C¢

Where; ‘K¢’ and “1/n” are freundlich parameters which represent distribution coefficient (L/g)
and intensity of adsorption respectively. The regression coefficient value was obtained as
0.068 which is very less as a result the adsorption of arsenic is found homogeneous nature

and does not follow freundlich adsorption isotherm as show in figure 9.

-3.0
-3.34
§'3'6-
o0
S
— -3.9-
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424 [ R2=.068
5 4 3 2 -1 0 1 2 3
log Cf

Figure 9: Freundlich adsorption isotherm
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3.5. Reusability of carbon foam
The reusability of carbon foam has been investigated after treating used carbon foam with 5%
solution of EDTA and HNO; solution. First the used carbon foam was sonicated in 5%

solution of EDTA and HNOj separately for one hour.

©
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Figure 10: SEM and EDX of used carbon foam (a) & (b) after treated with EDTA, (c)
& (d) after treated with HNO;

The decanted solutions were checked for leached concentration of As (V) by AAS-HG. It has
been found that most of As (V) releases from the carbon foam surface. The same
observations were further confirmed by SEM-EDX analysis as given in Figures 10(a-d). The
EDTA is a strong chelating agent and makes complexes with As (V). In the same way As (V)

probably forms arsenic acid after treating with HNO; solution as given in chemical equation

(13).
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5HNO; + As —_— H3;As04+5NO, + H,O - (13)

H,AsO4 -CFoam + EDTA — As-EDTA + CFoam+H,0  ----- (14)
Furthermore, the EDX data of carbon foam shows that when the carbon foam is treated by
HNO;, the oxygen content is increased to 30.4% as compare to carbon foam treated by
EDTA, The increase in oxygen content is due the oxidation of carbon foam by HNOj since
HNOj; act as strong oxidising agent. Further, after removal of As (V), the carbon foam was
treated with HNO; and thoroughly washed with de-ionised water followed by drying at
105°C, the same material was used in second cycle at optimized condition. In the second
cycle, 83.2% of arsenic gets adsorbed. In the same way the carbon foam was used after
treated with HNOj; for third, fourth and fifth cycle having arsenic adsorption 60.1, 37.5 and
23.2% respectively. Furthermore, as carbon foam treated with HNO; up to five times, the %
of arsenic removal decreased this is due to the decreasing of active sites on the surface of

carbon foam.

4. Conclusions

In the present study, we report a cost effective method to synthesize novel 3D
lightweight carbon foam from phenolic resin using PU template method. The SEM-EDAX,
FTIR, XRD and XPS results indicating the adsorption of As (V) over the surface of carbon
foam. The arsenic accumulated on the surface of carbon foam and water was purified upto
safe potability limits of WHO and USEPA. The adsorption process followed Langmuir
isotherm model suggesting monolayer adsorption. At optimized condition the maximum
adsorption capacity of carbon foam for As (V) was found to be 38.4 ug g'l in the pH range 4-
5. Moreover carbon foam is nontoxic, easy to fabricate, affordable and insoluble in water.

Raw material for fabrication of carbon foam is easily available everywhere. There is no
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requirement of any costly equipment for fabrication of carbon foam and filtration unit to
separate carbon foam from water after adsorption process. Such material can be safely used
in remote areas where there is scarcity of power supply. Therefore, from the practical point of
view, the proposed carbon foam should be promising adsorbent for the removal of As (V)

from drinking water.
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Novel 3D Lightweight Carbon Foam as an Effective Adsorbent for Arsenic

(V) Removal from Contaminated Water

a
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An efficient removal of pentavalent arsenic (As (V)) from water has been developed using novel

three—dimensional (3D) light weight carbon foam which exhibit adoption capacity of 38.4ugg™.
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