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Hydrous bismuth oxides (HBO2) have been reported
to have anionic sorptive properties. In the present
study, removal of fluoride from aqueous solution has
been explored for its possible application in drinking
water treatment. The performance of fluoride removal
from aqueous solutions has been studied by adding
four cationic ligands (Fe**, Mg?*, Ca’>* and Cu*") in the
matrix of hydrous bismuth oxide (HBO2). Enhanced
fluoride removals properties were observed by addion
of cations in hydrous bismuth oxide as compared to
hydrous bismuth oxide alone. The pH of the treated
water was remained in the range 6.9-9.1, indicating
that OH™ ions are not released from the adsorbents
during fluoride adsorption. Characterizations of
HBO2 and HBO2 with four cationic ligands were
achieved by using XRD analyses and the tested pow-
ders are found crystalline in nature as they show large
and sharp peaks. FTIR analyses of tested materials
support the results obtained through XRD analyses.
Ca and Mg ions in HBO2 appear to increase the pH of
point of zero charge (pHPZC) of the powders.

Keywords: Aqueous solutions, cationic ligands, fluo-
ride removal, hydrous bismuth oxides.

FLUORIDE is one of the most concerned naturally occurring
contaminant in groundwater in almost all parts of the world.
The impact of fluoride in drinking water may be beneficial
or harmful to human, it only depend on the concentration of
fluoride. The optimum dosage in drinking water is benefi-
cial to human health, whereas elevated levels from the
prescribed limit are harmful to human beings'. Excessive
concentration of fluoride in drinking water has become a
major health risk factor for humans. Fluoride contamina-
tion in water may be due to natural (geogenic) or anthro-
pogenic factors. Major anthropogenic activities such as
the use of phosphate fertilizers, pesticides, sewage and
sludge, depletion of groundwater table, etc. are responsi-
ble for the increase in concentration of fluoride in
groundwater’®. Recently, few studies™ have reported
that around 25 countries in the world suffer from endemic
fluorosis. According to some recent estimates®’, over 200
million people in the world depend on water for drinking
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purpose, which has fluoride concentration more than
1.5 mg/l, which is within the guideline value for fluoride
in drinking water®. In India, high concentration of fluo-
ride in drinking water was first detected in the groundwa-
ter of Nellore, Andhra Pradesh in 1937 (ref. 9). Around
25 million people living in 19 states and all Union Terri-
tories of India have been affected and approximately 66
million are at risk, including 6 million children below the
age of 14 years'’. The Bureau of Indian Standards (BIS)
has recommended 1.0 mg/l as desirable and 1.5 mg/l as
permissible limit for fluoride concentration in drinking
water. WHO?® has prescribed the guideline value for fluo-
ride concentration in drinking water as 1 and 1.2 mg/l for
warm and cold climatic regions of the world, respec-
tively. The difference in the fluoride concentration intake
between hot and cold climate is because of the difference
in the water consumption in the two zones respectively’.
The human body absorbs fluoride through water, food,
drugs, cosmetics, etc. and around 75% contribution of to-
tal fluoride comes from drinking water alone''. Calcium
of teeth and bones attracts fluoride because of its strong
electronegative nature. Therefore, dental and skeletal
fluorosis is the major health problem due to high fluoride
concentration in drinking water"'?. Different techniques
have been reported for the removal of excess fluoride
from aqueous solutions. On the basis of their mode of
action they can be categorized into three major types, viz.
chemical method, adsorption and ion-exchange process.
Adsorption has been reported as a simple, economically
viable technique for the removal of fluoride from aqueous
solutions'*'*. Recently, a number of adsorptive materials
have been reported the in the literature for the removal of
fluoride from aqueous solutions such as modified cellulose
fibre", polymer/biopolymer composites'®, Fe,0; magnetic
nanocomposites”, bauxite'®, waste iron oxide'’, zeolite®,
hydrous bismuth oxide' and hydrous ferric oxide’.

Materials and methods

Hydrous bismuth oxides with cationic ligands

Bismuth trioxide (Bi,O;; molecular weight =466 g) has
been used as the starting material for all the preparations
of hydrous bismuth oxide (HBO2) media. Hydrous
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bismuth oxide in the form of yellow precipitate was pre-
pared using the method described similar to that of
Fritsche®?. First, 0.1 M Bi,0; powder was dissolved in
2 N HCI and then 2 N NaOH solution was mixed in the
ratio 1:2 to obtain HBO2 media. After a period of 1 h
contact time, the supernatant was decanted. Finally, the
precipitate was washed several times with distilled water
until pH of the supernatant attained neutral condition and
chloride content was fully removed. In order to prepare
HBO?2 with additional cationic ligands, chloride salts of
Ca, Mg, Cu and Fe in appropriate quantities to obtain
0.01, 0.02, 0.03, 0.05, 0.07 and 0.10 M solutions were
dissolved in 2 N HCI working solution of 0.1 M Bi,0s.
These amended solutions were similarly mixed with dou-
ble the volumetric proportion of 2 N NaOH solution to
get HBO2 precipitates presumably with the respective
cationic ligands. All precipitates were dried at 103 £ 2°C
for 24 h to obtain their powdered forms.

Fluoride adsorption experiments

Standard solutions of fluoride were prepared using so-
dium fluoride salt in distilled water. Sorptive removal of
fluoride by HBO2 media has been studied without or with
cationic ligands in batch experiments. First, 100 ml of
standard fluoride solution (5 mg/l) was mixed in distilled
water with the respective sorptive media powders at dose
of 50 g/l and allowed a reaction time for 3 h. After this,
the samples were filtered through Whatman No. 42 filter
paper and the filtrate was analysed for the remaining
fluoride concentrations and pH. Triplicate samples were
tested and the average value reported. Fluoride concentra-
tion in water was determined using ion-meter (Hanna
Process Instruments Pvt Ltd, Navi Mumbai, India) with
ion selective electrode (ISE) according to the standard
method (1998). All experiments were carried out at room
temperature (25 £ 2°C). pH of the samples was measured
using digital pH meter.

The fluoride removal efficiency of a given powder was
calculated as

C,-C,
Fluoride removal (%) =( Oc i j x 100, (1)
0
where Cy and C; are the initial and equilibrium concentra-
tions of fluoride in solution (mg/1) respectively.

Characterization of adsorptive media

X-ray diffraction (XRD) patterns of the selected media
were obtained using an X-ray diffractometer (Philips
1710, The Netherlands). Fourier transform infrared
(FTIR) spectra of the prepared materials were obtained
using FTIR spectrometer (model: FTIR 8400S (CE),
Shimadzu Corporation, Kyoto, Japan). pH of point of
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zero charge (pH,,.) of the materials was determined as
described previously?.

Results and discussion

Fluoride removal from water by HBOZ2 powder
without and with cationic ligands

Islam and Patel** studied fluoride removal by polycinnam-
amide thorium(IV) phosphate which was synthesized by
co-precipitation method and characterized by SEM and
FTIR analysis. Sujana and Anand” evaluated the
effectiveness of amorphous iron and aluminum mixed
hydroxides in removing fluoride from aqueous solutions.
The removal of fluoride was 87.6% under optimum
conditions. A series of mixed Fe/Al samples was prepared
at room temperature by co-precipitating Fe and Al-mixed
salt solutions at pH 7.5. The compositions (Fe : Al molar
ratio) of the oxides variedas 1:0,3:1,2:1,1:1and0:1;
the samples were characterized by XRD, BET surface area
and pH,,.. XRD studies indicated the amorphous nature of
the samples and Al(III) incorporation on Fe(III) hydroxides.
Batch adsorption studies for fluoride removal on these
materials showed that the adsorption capacities of the
materials were highly influenced by pH of the solution,
temperature and initial fluoride concentration. Sri Vastav et
al*" found that commercially available Bi,O; powder
removes approximately 6% of fluoride only, indicating
significant changes in the properties of HBO2 with respect
to the original Bi,O; powder.

In the absence of any addition of cations in HBO2
powder, the removal of fluoride ions from water was
found to be only around 66%. It is observed that cationic
ligand-amended HBO2 powder (0.10 M MgCl,) gives
increased fluride removal (97%) in comparision to HBO2
powder alone which removes 66.4% of fluride ions from
water. Since F is an anion, therefore it was assumed that the
addition of the cations such as Ca, Mg, Cu, Fe can enhance
the removal through the attraction forces among opposite
charged species in aqueous solution. The pH of treated
water using all the powders is in the range 6.6-9.1.
Figure 1 shows the performance of fluoride removal by
HBO2 (without cationic addition) as well as after
addition of cationic ligands (Ca, Mg, Cu and Fe) to
HBO2 adsorbent.

The performance of various powders prepared in the
presence of different cationic ligands with HBO2, which
showed highest percentage of fluoride removal in the
range of added cationic concentration (1:10 to 1:1 on
molar basis with respect to Bi) is presented in Table 2.

Characterization

In order to characterize the materials, XRD pattern
analyses, FTIR spectroscopic analyses and determination
of pH,,. of all powders were performed.
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Table 1. Adsorption capacity and other parameters for the removal of fluoride by different sorbents
Adsorption Concentration Contact Temperature

Adsorbent pHpze capacity range time (min) pH (°C) Reference

Acid-treated - 7.752 mg/g 5-45 mg/dm® 30 3.5 - 27
spent bleaching
earth

Hydroxyapatite - 4.54 mg/g 2.5%x107° - 6.0 - 28

Fluorspar 1.79 mg/g to

Activated quartz 1.16 mg/g 6.34 x 102 mg/l

Calcite quartz 0.39 mg/g

0.19 mg/g

Basic oxygen - 4.58- 1-50 mg/1 35 7.0 25-45 24
furnace slag 8.07 mg/g

Alum sludge 5.394 mg/g 5-35 mg/l 240 6.0 32 29

Activated alumina ca. 8.0 0.86 mmol/g 15-100 mg/1 384-1440 5.0-6.0 30 30
(7-Al203)

Activated alumina - 1450 mg/kg 2.5-14 mg/l - 7.0 - 31
(grade OA-25)

Metallurgical- - 12.57 mg/g - - 5.0-6.0 20 32
grade alumina

La(III) impregnated - 0.350 mM/g 2 mM/1 1200 5.7-8.0 25 33
on alumina

Alum-impregnated - 40.68 mg/g 1-35 mg/1 90 6.5 25 34
activated alumina

Manganese oxide- 7.2+0.1 2.851 mg/g 2.5-30 mg/l 90 7.0+0.2 30£2 35
coated alumina

Hydrous manganese 5.9 7.09 mg/g 10-70 mg/1 120 52+0.05 ca. 25 36
oxide-coated alumina

Copper oxide- 7.770 mg/g 10 mg/1 1440 - 30+ 1 37
coated alumina (COCA)

Magnesia-amended 8.6+0.2 10.12 mg/g 5-150 mg/1 180 6.5-7.0 30+ 1 38
activated alumina

Calcium oxide- - 101.01 mg/g 1-1000 mg/1 2880 5.5 25 39
modified activated and
alumina and manganese- 10.18 mg/g
oxide modified
activated alumina

Alkoxide-origin - 2.0 mg/g 0-25 mg/l 1440 7.0 30+2 40
alumina

Quick lime - 16.67 mg/g 10-50 mg/1 75 2512 41

Limestone (LS) 9.23 43.10 mg/g 100 mg/1 300 8.0 25 42
and aluminium and and
hydroxide 10.17 84.03 mg/g
impregnated
limestone (AILS)

Schwertmannite 4.2 50.2-55.3 10-90 mg/1 1440 3.8 30°-22.6 43

pHy.., pH of point of zero charge.

XRD pattern analyses and estimation of Scherrer
crystallite size

Phase identification using XRD relies mainly on the posi-
tions of the peaks in a diffraction profile and to some
extent on the relative intensities of these peaks. Crystal-
lite size can also cause peak broadening. The well-known
Scherrer equation explains peak broadening in terms of
incident beam divergence which makes it possible to sat-
isfy the Bragg condition for non-adjacent diffraction
planes. Once instrument effects have been excluded, the
crystallite size is easily calculated as a function of peak
width (specified as the full width at half maximum peak
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intensity (FWHM)), peak position and wavelength using
the Scherrer equation given below

k

_ 0.9*A ’ @)

FWHM*cosf
where D is the mean particle size (um), A the wavelength
of X-ray used for diffraction (A), FWHM the full width at
half maximum peak intensity (26) and 6 is the angle of
diffraction (radians).

As observed from Figure 2a, the XRD pattern of
HBO2 shows distinct major peaks at 26=30.3219
and 32.8466 radians, indicating crystalline nature
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Table 2. Performance of cationic ligands-added HBO2 powders in fluoride removal from water (powder dosage = 50 g/l, contact time =3 h,
initial concentration = 5 mg/l)
Initial composition of aqueous solution Final composition of aqueous solution
Sample Fluoride removal
combiantion pH F (mg/l) ClI" (mg/l) pH F (mg/l) CI" (mg/l) (%)
HBO2 8.0 3.99 20.0 7.2 1.34 32 66.4
HBO2 + 0.01FeCl; 7.5 5.40 86 7.1 3.52 136 34.70
HBO2 + 0.02FeCl; 7.4 5.40 70 6.9 2.36 104 56.22
HBO2 + 0.03FeCl; 7.4 5.40 28 6.9 1.65 72 69.40
HBO2 + 0.05FeCl; 7.2 5.40 50 6.6 1.15 96 78.70
HBO2 + 0.07FeCl; 7.3 5.40 24 6.9 1.70 80 68.50
HBO2 + 0.10FeCl; 8.0 5.40 40 7.4 4.02 64 25.40
HBO2 + 0.01MgCl, 8.7 3.99 48 8.5 0.73 116 81.70
HBO2 + 0.02MgCl, 8.7 3.99 66 8.5 0.53 88 86.71
HBO2 + 0.03MgCl, 8.8 3.99 48 8.7 0.41 80 89.72
HBO2 + 0.05MgCl, 8.8 3.99 44 8.7 0.31 76 92.23
HBO2 + 0.07MgCl, 8.8 3.99 56 8.7 0.41 84 89.72
HBO2 + 0.10MgCl, 8.8 3.99 81 8.7 0.12 96 97.00
HBO2 + 0.01CaCl, 8.8 2.63 35 8.9 0.63 42 76.00
HBO2 + 0.02CaCl, 8.3 2.63 33 8.8 0.44 38 83.30
HBO2 + 0.03CaCl, 9.1 2.63 26 9.1 0.32 46 87.80
HBO2 + 0.05CaCl, 9.0 2.63 51 9.0 0.30 64 88.60
HBO2 + 0.07CaCl, 8.9 2.63 39 9.0 0.35 50 86.70
HBO2 + 0.10CaCl, 8.9 2.63 54 9.1 0.28 78 89.4
HBO2 + 0.01CuCl, 8.2 3.34 34 7.8 0.20 48 94.00
HBO2 + 0.02CuCl, 8.1 3.34 27 7.5 0.24 42 92.00
HBO2 + 0.03CuCl, 8.3 3.34 24 7.3 0.20 44 94.00
HBO2 + 0.05CuCl, 8.1 3.34 25 7.3 0.20 50 94.00
HBO2 + 0.07CuCl, 8.2 3.34 28 7.5 0.26 34 93.00
HBO2 + 0.10CuCl, 8.2 3.34 35 7.6 0.14 46 95.0
305396f50 %h crystalline character of the HBO2 powder prepared in
100.0 ,ni?atfgézgitraﬁon = 5 mgfl of F- presence of 0.10 M CaCl,. The highest peak is observed
900 1 Lo Mg at 20=129.5597 and 30.4950 radians and the chemical
— 800 1 composition of the HBO2 powder prepared in presence of
© 700 - Ca mCu ) .
P 60.0 1 0.10 M CacCl, corresponds to BisCasOys according to file
£ 500 number ID: 42-1460 of JCPDS?®. This shows that HBO2
X 40.0 - appears to have incorporated calcium ions also in the
X 38'0 matrix of the material formed in the presence of 0.10 M
10:8 | CacCl, solution.
0.0 -
Q,Oq’ RO SRR XRD of HBQZ pow.der prepared in presence of 0.10 M
Q 8 o o o D MgCl, solution: Figure 2 ¢ shows the XRD pattern of
&o"’ Q?’& &0"’ S & L HBO2 powder prepared in presence of 0.10 M MgCl,
) ) ) ) solution in order to incorporate additional Mg cationic
HBO2 with varying concentration of cation ligands. The highest peak is observed at 20= 32.8563
. i i i and 31.8234 radians and the possible chemical combina-
Figure 1. Sorptive percentage removal of fluoride using HBO2 pow-

der without and with Ca, Mg, Cu and Fe cationic ligands.

of HBO2. Using standard JCPDS software”, the chemical
composition of HBO2 powder corresponded most closely
to Bi(OH); (file no. ID: 01-0898).

XRD of HBOZ2 powder prepared in presence of 0.10 M
CaCl; solution: Figure 2 b shows the XRD pattern of
HBO2 powder prepared in presence of 0.10 M CacCl,
solution. The pattern giving several peaks indicates
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tion of the HBO2 powder prepared in presence of
0.10 M MgCl,, according to file no. ID: 42-0182 of
JCPDS* is found as Bi;,MgOy9. Analysis of the compound
shows that it is crystalline in character and Mg cationic
ligand appears to have been incorporated in HBO2 material
matrix.

XRD of HBOZ2 powder prepared in presence of 0.10 M
CuCl; solution: Figure 2d shows the XRD pattern of
HBO2 powder prepared in presence of 0.10 M CuCl,
solution in order to incorporate copper cationic
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Figure 2. a, XRD pattern of HBO2 powder without any cationic ligand (Bi(OH); according to file no ID: 01-0898)*. b, XRD pattern of HBO2
prepared in presence of 0.10 M CaCl, solution (BisCasOa4 according to file no. ID: 42-1460)*. ¢, XRD pattern of HBO2 prepared in presence of
0.10 M MgCl, solution (Bi;;MgOy9 according to file no. ID: 42-0182)%. d, XRD pattern of HBO2 prepared in presence of 0.10 M CuCl, solution
(CuBi,04 accordizrgg to file no. ID: 47-0096)*. e, XRD pattern of HBO2 prepared in presence of 0.05 M FeCl; solution (BiysFe,039 according to file
no. ID: 42-0201)"".

Table 3. Results of XRD analyses of HBO2 powder prepared in presence of Ca, Mg, Cu and Fe cationic ligands

Peak enlisted JCPDS Scherrer crystallite
Sample powder position (2 6) Possible compound file no. size (um)
HBO2 30.3219 Bismuth hyroxide Bi(OH); ID: 01-0898 5.54
32.8466

HBO?2 prepared in presence 29.5597 Calcium bismuth oxide Bi4CasOa6 ID: 42-1460 8.28
0f 0.10 M CacCl, solution 30.4950

HBO?2 prepared in presence 32.8563 Megnesium bismuth oxide Bi;,MgOyo ID: 42-0182 5.54
of 0.10 M MgCl; solution 31.8234

HBO?2 prepared in presence 32.6760 Copper bismuh oxide CuBi,04 ID: 47-0096 4.95
0f 0.10 M CuCl, solution

HBO?2 prepared in presence 32.7645 Bismuth ferric oxide BixFe; 039 ID: 42-0201 7.53
of 0.05 M FeCl; solution 46.9908
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solution.

Table 4. pH,,. of HBO2 powder prepared under different conditions 50 3
Powder sample PHpze 45 ]
HBO2 8.5
HBO?2 prepared in presence of 0.10 M CaCl, solution 9.7 40
HBO?2 prepared in presence of 0.10 M MgCl, solution 9.7 X
HBO?2 prepared in presence of 0.10 M CuCl, solution 7.8 35
HBO?2 prepared in presence of 0.05 M FeCl; solution 8.6

ligands in the matrix. The pattern obtained appears to be
significantly different with respect to XRD of HBO2
powder (Figure 2a). The major peak observed at
260=32.6760 radians indicates a chemical composition of
CuBi,0, according to file no. ID: 47-0096 of JCPDS*.
The material appears crystalline in character and seems to
have incorporated copper ion in the matrix.

XRD of HBO?2 powder prepared in presence of 0.05 M
FeCl; solution: Figure 2 e shows the XRD pattern of
HBO2 powder prepared in presence of 0.05M FeCl;
solution in order to incorporate additional Fe cationic
ligands. The highest peak is observed at 26= 32.7645
and 46.9908 radians and the possible chemical combina-
tion of the material according to file no. ID: 42-0201 of
JCPDS? is found as BiyFe,O59. The material formed is
crystalline in character and has incorporated Fe ion in the
matrix of HBO2 material.

1678

—m— pH Initial
—®&— pH Final

T T

pH Initial

T T
10 12

pH,.. of HBO2 powder, and HBO2 powder prepared in the presence of 0.10 M MgCl,, 0.10 M CacCl,, 0.10 M CuCl, and 0.05 M FeCl;

30

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200

Wave number (cm-')

1000 800 600 400

Figure 4. FTIR spectrum of HBO2 powder.

It was also observed that with changing concentration of
a cationic ligand in HBO2, the position of highest peak (26)
changes, but the chemical composition of possible com-
pound indicated by JCPDS? remains the same. The compo-
sition of the suggested compound does not provide any
structural detail, but indicates that it is polymeric in nature.
The crystallite size calculated using eq. (2) for all the
powders is given in Table 3. It is observed that while
presence of Cu appears to decrease the mean particle size of
HBO2 formed, availability of Ca and Fe cations seems
favourable towards increasing the average size of the
particle.

PpH of point of zero charge (pH,.;): The pH of point of

zero charge (pH,.) is a concept applicable to the
adsorption phenomenon describing the concentration of

CURRENT SCIENCE, VOL. 108, NO. 9, 10 MAY 2015
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Table 5. Analyses of enlisted peaks of FTIR spectrum of HBO2
Possible metal,
Powder Peaks enlisted (cm™") functional group present Range (cm ™) Reference Remarks
HBO2 543.94 Bismuth (Bi) 200-800 44,45 Bi present
846.78 - - -

1361.79

1392.65

1645.33 Water of hydration Around 1630 46

2359.02 Carbonate 2360-2370 47

2920.32 - - -

3419.90 Hydroxyl group (OH) 3400-3800 48 OH group present

Table 6. Summary of peaks in FTIR spectra of Ca, Mg, Cu and Fe-amended HBO2 powder

Possible metal,

Powder Peaks enlisted (cm™") functional group present Range (cm ™) Reference Remarks
HBO?2 prepared in presence 474.50 Bismuth (Bi) 200-800 44,45
0of 0.10 M CaCl, solution 848.76 Calcium oxide (CaO) 412-875 49 Ca present
2359.02 Carbonate 2360-2370 47
3655.23,3851.97 Hydroxyl group (OH) 3400-3800 48
1066.67, 1338.64
1392.65, 1660.77
2274.15,2330.09
HBO?2 prepared in presence of 416.64 Bismuth (Bi) 200-800 44,45
0.10 M MgCl, solution 468.72 Magnesium oxide (MgO) 460-510 19 Mg present
1629.90 Water of hydration Around 1630 20
3568.43,3414.12, Hydroxyl group (OH) 3400-3800 48
3514.42,3547.21,
3635.94
846.76, 1315.50,
1342.50, 2877.89,
2929.97,3095.85,
3259.81,3954.20
HBO2 prepared in presence of 430.14 Copper oxide (CuO) 437-606 50 Cu present
0.10 M CuCl, solution 516.94 Bismuth (Bi) 200-800 44,45
1627.97 Water of hydration Around 1630 20
344691 Hydroxyl group (OH) 3400-3800 48
846.78, 1161.19, 1386.86,
2330.09, 2470.90
HBO?2 prepared in presence of 549.73 Bismuth (Bi) 200-800 44,45
0.05 M FeClj; solution 462.76, Ferric oxide (FeO) 460-700 48 Fe present
1612.54 Water of hydration Around 1630 20
3394.83, 3425.69, Hydroxyl group (OH) 3400-3800 48

3483.56,3761.32
846.78,912.36, 1066.67,
1357.93, 1390.72,
1404.22,1741.78,
2414.96, 2856.67,3014.84,
3043.77,3207.73, 3232.80,
3254.02

hydrogen ion in aqueous solution, such that the electrical
charge density on the adsorbent surface is zero. In other
words, pH,,. is the pH value at which a solid submerged
in an electrolyte exhibits zero net electrical charge on the
surface. When the pH of an aqueous environment is lower
than pH,,. of the adsorbent, the system is said to be work-

CURRENT SCIENCE, VOL. 108, NO. 9, 10 MAY 2015

ing ‘below pH,,.’. Under this condition, the acidic water
donates more protons than hydroxide groups, and the
adsorbent surface is positively charged (attracting
anions). Conversely, above pH,,, the surface of the
adsorbent is negatively charged, attracting cations and re-
pelling anions.
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1@

Figure 5.

To study the surface charge of prepared HBO2 pow-
ders, pH,,. was determined following method of Sharma
et al.”. For this purpose, 0.01 M NaCl solution was pre-
pared and its initial pH was adjusted between 2.0 and
12.0 using 0.02 N NaOH/HCI solution. Then 50 ml of
0.01 M NaCl was taken in triplicate 250 ml Erylenmeyer
flasks and 0.20 g of powder was added in each of them.
The contents of the flasks were thoroughly mixed and
kept for 48 h. Final pH of the solutions was measured af-
ter the contact time using a pH meter. The point of inter-
section of the line of pH initial with pH final was
recorded as pH,,. of the adsorbent material. Figure 3 de-
picts the curves for HBO2 powder without any added
cationic ligand and prepared in presence of 0.10 M
MgCl, solution. Table 4 presents the pH,,. of all studied
HBO2 powders.

As observed from Table 4, while presence of Cu
appears to reduce pH,,. of HBO2 powder, Ca, Mg and Fe
cations seem to increase the pH,,. values. Higher pH,,. of
the material may be beneficial for anionic contaminant
removal from aqueous solutions as the surface charge
may be positive at all pH values normally found under
natural conditions.

Fourier transform infrared spectroscopic analyses: In-
frared spectra of HBO2 powders were measured on a
Bio-Rad FTS-60 spectrometer in the mid infrared region
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FTIR spectra of HBO2 powder prepared in presence of (a) 0.1 M CaCl,, (b) 0.1 M MgCl,, (¢) 0.1 M CuCl, and (d) 0.05 M FeCl; solutions.

(4000400 cm ') after 256 scans at 2 cm™ resolution.
Samples were prepared by the standard KBr (Merck) pel-
lets method. Figure 4 shows the FTIR spectrum of HBO2
powder. Table 5 presents the summary of enlisted peaks
and possible metals and functional groups present in the
material. There are peaks indicating the presence of Bi
metal, water of hydration and hydroxyl group in HBO2
powder.

Figure 5 a—d depict the FTIR spectra of HBO2 powders
prepared in the presence of 0.1 M CaCl,, 0.1 M MgCl,,
0.1 M CuCl, and 0.05M FeCl; solutions respectively.
Table 6 presents the summary of major peaks enlisted in
such HBO2 powders prepared in presence of different
cationic ligands. The enlisted peaks suggest incorporation
of added cationic ligands in HBO2 powder.

Conclusion

Major observations of the experimental results and com-
putational analyses carried out in the present study can be
enlisted as follows:

e While HBO2 (prepared by mixing 0.1 M Bi,0; solu-
tion in 2 N HCI with twice the volumetric proportion
of 2 N NaOH) is yellow in colour and Ca as well as
Mg-incorporated HBO2 are also similar, Cu and Fe-
amended HBO2 gives dark grey to red colours.
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HBO2 with 0.10 M MgCl, solution gives maximum
percentage (97) of fluoride removal among the Ca,
Mg, Cu and Fe ligands individually at different levels
of concentration.

HBO?2 amended with Ca, Mg, Cu or Fe cationic ligand
shows improvement in fluoride sorptive potential with
respect to unamended form. However, incorporation
of Ca and Mg in HBO2 appears to increase pH,,. of
the powder, which may be beneficial for application
in drinking water treatment. Addition of Cu or Fe
tends to decrease pH,,. of HBO2, which may not be
favourable for anionic contaminant removal.

The pH of fluoride-treated water using the same pow-
der remains between 6.9 and 9.1. This indicates that
there is no hydroxyl ion exchange from HBO2 pow-
ders due to fluoride ion sorption.

The Cu-incorporated HBO2 tends to decrease the pH
of treated water with respect to pH of treated water
with HBO2 incorporated with Ca or Mg.

XRD analyses of HBO2 powder, along with its Ca®’,
Mg®*, Cu®" and Fe*" cations incorporated forms sug-
gest crystalline character of materials. Analysis of
chemical composition using appropriate methods®® in-
dicates presence of these cations in HBO2 mixture.
HBO?2 appears to become more polymerized in pres-
ence of such cations. The Scherrer crystallite size of
the prepared powders varies in the range 5.54—
8.28 um and the size appears to marginally improve in
presence of Mg and Fe.

It is observed that most of the compounds are
polymeric forms of bismuth and cations ligands have
attached themselves in the HBO2 polymeric structure.
FTIR spectra analyses of HBO2 without and with
cations indicate distintive absorption bands correspond-
ing to oxides of added ligands in addition to those of
bismuth and hydroxyl ions. Thus, added catonic
ligands appears to have become an integral part of the
HBO2 compound.

An indicative experiment in which the used HBO2 pow-
der was amended with presence of all the four studied
cations (0.01 M Ca, 0.10 M Mg, 0.10 M Cu and 0.05 M
Fe) showed around 30% increase in fluoride sorptive po-
tential with respect to unamended HBO2 powder. Thus,
the addition of these individual cationic ligands is found
to be beneficial.
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