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Abstract

Now a days, green synthesis of nanoparticles using plant extracts (seeds, leaves, roots etc.) are in prodigious trend. In this,
sol-gel synthesis of psylliumhusk mucilage/Zr(IV) aluminophosphate (PHM@ZAP) nanopatrticles has been designed at fixed
temperature. PHM@ZAP nanoparticles was characterized through FTIR, SEM, TEM, XRD, UV-Vis and EDS techniques.
TEM images showed cluster of nanoparticles with diameter of 50nm approximately which confirm it was nanomaterial. SEM
micrographs illustrates that entire morphology was reformed after the mixing of polymeric chains results porous and rough
surface with granular particles. PHM@ZAP was explored for the photodegradation of CV and FSB. Effect of various
parameters like effect of time, pH effect, effect of dye concentration and photocatlyst dosage has been studied. It was noticed
that PHM@ZAP degraded both CV and FSB to large extent as compared to ZAP.80.07% and 78.01% of FSB and CV has

been degraded by PHM@ZAP within 180 minutes.

Keywords: Psyllium husk mucilage, nanoparticles, photocatalysis, crystal voilet, fast sulphon black.

Introduction

At present time, comfort of human desires raised to extreme
level and to fulfill our needs we disintegrate our natural
resources continuously. The activities like industrialization,
population increase and squalor of natural resources leads to
unbalancing of environment'®. As we know, water is primary
need of all living organisms but less amount of water is
serviceable. Pollutants or waste material degraded its quality.
Sources of pollutants/toxins can be textile industries,
manufacturing plants, household waste and hospital waste etc**.

Biomedical waste containing chemicals like dyes, medicine
discarded into water sources leads to degrade its quality. These
chemical impart harsh effects on all living beings and
environment. Dye concentration at high level can cause various
health problems like skin allergy, slow mental development in
children and increases rate of cancer. Dyes has been used
mainly in the production of different products like textiles,
paints, printing inks, plastics and paper industries®*!. Crystal
violet and Fast sulphon black F are carcinogenic dyes obtained
from textile or industrial waste. They impart severe diseases
viz., renal, hepatic, lungs tumor, skin, eye, digestive and
respiratory tract irritation etc. Toxic pollutants should be treated
before eject into surroundings'?™®. Diverse approaches has been
introduced for the removal of dyes from wastewater like
adsorption, electrochemical treatment, photocatalysis, chemical
precipitation and oxidation-reduction'”?. Among all of these,
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we have used photocatalytic method due to its unique
characteristics like easy to handle and highly efficient??*.

Present research work engrossed the exclusion of poisonous
pollutants using biopolymer based hybrid nanomaterials. Recent
studies are focused on the synthesis of natural polymer based
nanomaterials. Natural polymer like starch, cellulose, pectin,
gelatin, psyllium husk etc. are in great demand due to their low
toxicity, cheap and non-biodegradability’®?. Blending of
biopolymers with inorganic material results the formation of
hybrid materials with superior properties i.e. both thermal and
chemical®®, Psyllium husk is a soluble dietary fiber, pale to
medium buff-colored powder with slight pinkish tinge and weak
characteristic odor obtained from husk of psyllium seeds
(Plantagoovata plant).

It is gluten free soluble fiber and used as a laxative. It has
several health benefits like glucose control, cardiovascular
health, weight loss and reduction of gastrointestinal issues. It is
a mixture of polysaccharides pentose, hexose and uronic acids.
It is inexpensive, non-toxic and easily available®®. Scheme 1
presents Plantagoovata plant, psyllium husk powder and its
structure.

This paper introduced fabrication of psylliumhusk mucilage/
Zr(IV)aluminophosphate (PHM@ZAP) nanoparticles. It was
characterized by SEM, TEM, EDS, FTIR and XRD.
PHM@ZAP was explored for the photodegradation of CV and
FSB dye.
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Figure-1: Plantagoovata plant, psyllium husk powder and its
structure.

Material and methods

Materials: In present work we used Zirconium oxy chloride,
Aluminum phosphate, orthophosphoric acid were purchased
from CDH, India. Nitric acid and CV, FSB were procured from
Loba Chemie. Psyllium husk was received from local natural
products market. All chemicals used in present work were of
analytical grade. Stock solutions has been prepared in double
distilled water.

Preparation of psyilium husk mucilage (PHM): For this, 10g
of psyllium seeds filtered and washed with ethanol (96% w/v)
for 15 min with constant stirring 2 to 3 times in order to exclude
dust, dirt, stones etc. Seeds were dried at 70°C and disperse
clean seeds in 1:100 (w/v) ratio for 1.5 h with constant stirring
at 80°C to extract psyllium husk mucilage. Then, mucilage
separated through filtration and dried at fixed temperature.
Mucilage was stirred for 10 minutes using ethanol in fixed
volume ratio (100:75). After that, the above mixture was
centrifuged at 1500 rounds per minutes for 5 minutes at room
temperature. Supernatant has been used to quantify the non-
precipitated carbohydrates and ethanol was isolated from
precipitates by using a rotary evaporator™.

Synthesis of psyllium husk mucilage/Zr(1V)
aluminophosphate (PHM@ZAP) nanoparticles: Synthesis of
PHM@ZAP nanoparticles was designed by following two
steps*®**. First step follows, fixed ratio (10:20:10) of 0.1M
zirconium oxychloride, 0.1M aluminum phosphate and 0.1M
orthophosphoric acid has been put together with continuous
stirring at 50-60°C in 500mL beaker. On the other side,
gelatinous solution of psyllium husk has been prepared by
mixing definite amount of it in distilled water. Onwards,
psyllium husk mucilage was transmitted in the above beaker
containing ZAP and stirred for 2 hrs at 60°C. After that, above
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solution is filtered, precipitates found were washed 2-3 times
with demineralized water. By following this route, different
samples of varying concentration of psyllium husk mucilage has
been synthesized.

Photocatalytic  activity: Photocatalytic  proficiency of
PHM@ZAP nanoparticles was examined against CV and FSB*"
“8_ Different parameters including effect of time, concentration
range, pH and amount of photocatalyst was explored onto
PHM@ZAP and ZAP. For this, fixed solution of CV and FSB
was prepared in double distilled water. Above solutions has
been subjected to study the effect of above parameters one to
one. Fixed amount of PHM@ZAP and ZAP put into dyes
solutions and explored in sun exposure. 5ml of solution
withdrawn in fixed intervals of time, centrifuged and record
absorbance. In this way, whole process was repeated and
percentage degradation was calculated using formula as
discussed earlier*,

Results and discussions

Psyllium husk mucilage/Zr(IV)aluminophosphate nanoparticles
was  synthesized using  sol-gel route. PHM@ZAP
nanoparticleshas been synthesized by mixing fixed proportion
of psyllium husk mucilage in matrix of ZAP at definite
temperature. The addition of PHM into ZAP results the
formation of new material with tremendous changes in
properties, surface and structure. Six samples of different
concentration of psyllium husk mucilage has been prepared as
shown in Table-1. S-4 was explored for further study due to its
seperior photocatalytic activity as compared to others.

Table-1: Preparation of different samples of PHM@ZAP
nanopartices.

Physical .
S. A B C Weight
No mol/L | mol/L mol/L D pH appce:ran (9)
s1 | 1 2 1 - 0-1 | White | 1.08
s2 | 1 2 1 04% | 0-1 | White | 1.21
s3 | 1 2 1 08% | 0-1 g"ght 1.45
rown
s4 | 1 2 1 12% | 0-1 g"ght 167
rown
s5 | 1 2 1 16% | 0-1 | Brown | 1.91
S-6 1 2 1 2.0% 0-1 Brown 2.01

Characterization techniques: Figure-2 illustrates FTIR spectra
of (a) PHM (b) PHM@ZAP (c) ZAP. Broad peak at 3427cm™
and 2921cm™ assigned O-H stretching and O-H, C-H stretching
vibrations. 1640cm™ may be attributed presence of water
molecules. Sharp bend at 1048cm™ and 611cm™ was due to
phosphate group and metal oxide vibrations***°. It has been
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clearly confirmed that formation of PHM@ZAP because after
mixing PHM in ZAP merge and reformed new peaks.

Figure-3 shows EDS graph of PHM@ZAP nanoparticles with
element weight percentage. The weight percentage of elements
were in order of Oxygen (67.13%), Zr (16.63%), P (10.40%), Al
(2.71%) and chlorine (0.83%). The given weight percentage of
elements confirmed the formation of PHM@ZAP nanoparticles.

Transmission  electron  micrographs of PHM@ZAP
nanoparticles has been given in Figure-4(a-d). Images showed
that cluster of nanoparticles with diameter of 50nm
approximately. From micrographs, it was noticed that dark
black spherical shapes were due to polymeric part and light grey
part describes inorganic part. Particles of ZAP were successfully
embedded on the polymeric surface which confirmed the
formation of PHM@ZAP nanoparticles.

SEM images of psyllium husk mucilage, Zr(IV)
aluminophosphate and PHM@ZAP nanoparticles has been
shown in Figure-5 (a-b), (c-d) & (e-f). It has been noticed that
ZAP has irregular sheets with uneven surface. The entire
morphology was reformed after the mixing of polmeric chains
into it. Images reflects proros and rough surface with granular
particles which was high enough for adsorption of
pollutants.Spherical portion in micrographs may represent
polymeric part and remaining ZAP.

Figure-6 represents XRD spectra of PHM, ZAP and
PHM@ZAP nanoparticles. It has been observed that PH has no
sharp peaks which describes its amorphous nature while ZAP
has sharp intensity peaks confirms its crystalline nature. But
after mixing both, low intensity peaks of PHM@ZAP
nanoparticles obtained which confirms its amorphous nature.
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Band gap studies: Figure-7(a) shows band gap of PHM@ZAP
nanoparticles and determined by using Tauc relation as
discussed inliterature®’. The observed value was 2.26 eV which
shows its semiconductor behavior suitable for the photo
degradation of FSB and CV.

Photodegradation of crystal violet (CV) and fast suphon
black f (FSB): Figure-7(b) represents mechanism for the
photodegradation of FSB and CV by using PHM@ZAP and
ZAP. As we can see that when sunlight falls on PHM@ZAP
there will be excitation of electrons from VB to CB and
generate holes. These released electrons combine with oxygen
to form superoxide anion. While, generated holes takes electron
from moisture (H,O) present and became hydroxyl radical.
Further, these reactive species i.e. superoxide anion and
hydroxyl radical results breaking of organic pollutant into small
parts with low toxicity like H,O and CO,. PHM@ZAP
successfully degraded FSB and CV with higher degradation
efficiency. Effect of various parameters has been studied for
degradation of FSB and CV as discussed below:

Effect of time on CV and FSB: PHM@ZAP and ZAP were
explored to examine effect of time on the degradation efficiency
of CV and FSB in different intervals of time from 30 minutes to
5 hours. Figure-8(a) shows that as time increases there was
continuous degradation of FSB. It is clearly visible that
PHM@ZAP and ZAP degraded 80.07% and 69.12% FSB
within 180 minutes. Similarly, Figure-9 (a) illustrates
photodegradation of CV using PHM@ZAP and ZAP. It has
been found that PHM@ZAP and ZAP degraded 78.01% and
63.15% of CV within 180 minutes. From both Figures we
noticed that ZAP has lesser phodegradation potential for FSB
and CV as compared to PHM@ZAP nanoparticles. After that,
degradation rate for both CV and FSB decreases with increase
in time.
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Figure-2: FTIR spectra of (a) PHM (b) PHM@ZAP (c) ZAP.
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Figure-3: EDS graph of PHM@ZAP nanoparticles.

0.5 um
0.5u

International Science Community Association



Research Journal of Material Sciences ISSN 2320-6055
Vol. 10(1), 9-20, February (2022) Res. J. Material Sci.

oy 10Feb2l | mag 0 presaure W | det |spor | WD p | 10Feb2 [ mag O pressure HY | det | spot

" 10-Feb-21 ‘ mag [J | pressure HY det | spot ‘ WD | — 10 ym —— | o | 10Fetr2l | mag O presire | v det ‘wvt WD

zg‘{ 11-Jun-20 mag ] | pressure HY det |spot | WD ‘ 1um ﬁ 11-Jun-20 mag O] | pressure | w det spot WD —1pm—

" 1208:33PM  120000% |3.72¢3Pa 1000k |TLD | 30 5.9mm‘ T Mandi

Figure-5: SEM images of (a-b) ZAP (c-d) Psyllium husk mucilage (e-f) PHM@ZAP nanoparticles.
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Figure-6: XRD spectra of (a) PHM (b) ZAP (c) PHM@ZAP.
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Effect of concentration on CV and FSB: Figure-8(b)
illustrates effect of FSB concentration ranged from 10-60ppm
using 30mg of PHM@ZAP and ZAP. It has been noticed that
degradation rate increases with increase in concentration upto
10-30ppm for PHM@ZAP and ZAP. Maximum degradation
efficiency of PHM@ZAP was 78.84% and 64.56% for ZAP at
30ppm. Further, it get decreased to 38.78% and 33.45% for
PHM@ZAP and ZAP at 60 ppm.

Effect of concentration on CV using PHM@ZAP and ZAP is
shown in Figure-9(b). Figure shows that maximum degradation
of CV was observed at 30ppm. 81.22% and 67.76% degradation
was noticed at 30ppm for PHM@ZAP and ZAP and after that it
get slightly decreased with increase in concentration.

Effect of pH on photocatalytic activity: Figure-8(c) shows
effect of pH on photodegradation efficiency of FSB using
PHM@ZAP and ZAP. For this, photocatalytic activity has been
performed at different pH range i.e. 1,3,5,7 & 9. From Figure
we can see that at pH 5, maximum degradation was found.
78.91% and 62.24% of FSB was degraded by PHM@ZAP and
ZAP.

Similarly, effect of pH on CV by using pH/ZAP and ZAP was
investigated. Figure-9(c) shows that as pH increases degradation

Res. J. Material Sci.

photodegradation rate increases from 18.55% (10mg) upto
78.84% (30mg) for PH/ZAP. Similarly for ZAP it was 9.19%
(10mg) to 59.91% (30mg). After that, it was slowly decreases
with increasing dose of photocatalyst i.e. PHM@ZAP and ZAP.

Further, Figure-9(d) explored the effect of amount of
PHM@ZAP and ZAP on CV degradation. It was clearly
apparent that CV degraded continuously from 10-30mg
photocatalyst dosage (PHM@ZAP). Maximum degradation
efficiency of PHM@ZAP and ZAP was 80.22% and 69.91% at
30mg. After that, it get decreases slowly with increasing amount
of photocatalyst.

Figure-10(a & b) represents the degradation of CV and FSB
followed by pseudo first-order Kkinetics. The degradation
kinetics of CV and FSB was fitted to pseudo first order Kinetics
with higher values of rate constant and R? as shown in Table-2.
Figure-10(c & d) shows spectra of CV for ZAP and PHM@ZAP
with respect to time. It has been observed that intensities of
peaks decreases with irradiation time. Similarly, Figure-10(e &
f) shows spectra of FSB for ZAP and PHM@ZAP with respect
to time.

Table-2: Values of rate constant and R? for photo degradation
of FSB and CV using PHM@ZAP & ZAP.

efficiency was also increases upto pH 5. 77.27% and 57.25% of Sample Pollutant K R?
CV was degraded by pH/ZAP and ZAP at pH 5 due to high P app
. + - 44 - -
concentration of H" ions™. Further, it drops as pH get increases PHM@ZAP FSB 0.016 0.998
from 7 to 9.
. ZAP FSB 0.010 0.985
Effect of amount of photocatalyst i.e. PHM@ZAP and ZAP:
Effect of PH/ZAP and ZAP concentration on FSB and CV PHM@ZAP cVv 0.013 0.997
solutions were studied on different concentration of
photocatalysts ranged from 10-60mg. Figure-8 (d) shows the ZAP cVv 0.009 0.984
effect of PHM@ZAP and ZAP amount on the photodegradation
of FSB. As we can see that from Figure-8 (d), initially
1 HO - R b
- =— PHM@ZAP /- \-\ m:j ‘= PHM@ZAR
A - = '\_ &
§ | _/"/ \\- S §
/:/ | V | II IIII
c 8o - s |
rod | il = i
= 50 B s
%‘ 40 5&_‘ 10 -

Figure-9: Study of various parameters for the removal of CV (a) Effect of time on PHM@ZAP & ZAP (b) Effect of CV

concentration (ppm) (c) pH effect (d) Effect of PHM@ZAP & ZAP dosage.
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Figure-10: Pseudo first order kinetic model for photodegradation of (a) CV (b) FSB; Absorption spectra of CV for (¢c) ZAP (d)
PHM@ZAP; Absorption spectra of FSB for () ZAP (f) PHM@ZAP.

Conclusion

PHM@ZAP nanoparticles was prepared using sol-gel route at
fixed pH at 60°C. Nanoparticles was characterized with
advanced techniques viz., FTIR, EDS, UV-Vis, SEM, XRD and

International Science Community Association

TEM. EDS results confirmed the formation of PHM@ZAP with
weight percentage of Oxygen (67.13%), Zr (16.63%), P
(10.40%), Al (2.71%) and chlorine (0.83%). TEM studies
confirmed the formation of particles in nano-range. Band gap of
PHM@ZAP nanoparticles was observed to be 2.26 eV which
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confirms its semiconductor nature. PHM@ZAP was explored
for the photocatalytic removal of CV (78.01%) and FSB
(80.07%) with180 minutes. Effect of time, pH effect, effect of
dye concentration and amount of photocatalyst dosage was also
studied. Photodegradation of CV and FSB followed by pseudo
first-order kinetics with higher values of regression coefficient.

PHM@ZAP has potential

applications for waste water

remediation.
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