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ABSTRACT

Environmental pollution 1s a major concern all over the world Among them
wastewater pollution from industries has taken attention of rescarchers because of the serious
hasards to humans and environment Wastewater must be treated before discharge mto the
environment For the treatment. natural biopolymers such as carrageenan have attracted an
increasing amount of attention The biopolymer carrageenan Is natural secaweed that has been
used n this study for the adsorption of crystal violet dye from the aqueous solution
Crosslinked carrageenan beads and carrageenan/graphenc oxide bascd nanocomposiles were
synthesized FTIR results showed efficient silane cross linking of carrageenan beads and
strong interaction of carrageenan with silane-functionalized graphene onide 1he crosshinked
carrageenan beads were further cvaluated for the adsorption study of crystal violet (CV) dse
The effect of pH was studied and found that 1t can best behave i acihe and neutral
environment The effect of adsorbent dosage on the adsorpuon capacity revcaled that low
adsorbent dose was competent for adsorption of CV dye The adsorption ktnetics was studied
by applying pseudo-first-order model and pscudo-second-order model lhe experimental data
best fits the pseudo second order model By studying the effect of concentration of Cv dye
maximum adsorption was found at concentration of 140 mg/g carrageenan beads were tound

an efficient adsorbent for the removal of crystal violet dye from the solution
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Now a day, the world 15 facing an unprecedented environmental crisis where the
deterioration of the Earth's  environment mecreasingly  threatens  the  natural
resources Environmental pollution, mainly of water sources. has become public mterest{Ahmad.
2009) Water from domestic sewage and industnal effluents arc playing a hey role in wastewater
pollution Water pollution has diverse effects on human beings and hiving biota and 1s the
interesting 1ssue as 1t 1s one of the most public health concerns Wastewater pollution causes
health problems hke diarrhea, imtation to the skin, eyes and respiratory tract (Kast ef of.
2009) Wastewater from industnial effluents 15 also found to be carcinogenic toxic and mutagenic
towards humans and amimals (Jana et a/ . 2007)

Dye industry is a major contnbutor in polluting the natural environment (Aksu 2003)
Dyes arc the pollutants present in the wastewater of leather, texule, food processing cosmetics.
paper and various other dyeing industnes (Bhatnagar & Jain, 2005) Structurally. they are
synthetic aromatic carbon compounds bonded with vanous functional groups (Pearcea ef af .
2003) Annually. =70.000 tons of 10,000 types of dyes and pigments arc produced worldwide
20-30 % of these dyes are wasted during textile dyeing and finishing processes into the industrial
effluents (Robinson et al . 2002) Texule industry consumes large amount of water and vanetx
and large amount of chermicals like dyes throughout its manufactunng and finishing process

stages

Pakistan has a leading role 1n textile industry [t exports more than 6(% of lextile
products to different countries Among all industnes. textile industny contributes 46%6 to the total
output produced m Pakistan In Asia, Pakistan 1s the 8" largest exporter of textile goods and the
total contribution to the total GDP 1s 8 5% loxic waste gencrating from dilferent texule
industrics around major citics of Pakistan are progressively polluting the water bodies lihe rivers
streams and Arabian Sea (Irfan, 2009) Most of these cffluents are non-biodegradable and causcs
damage to the environment When these dyes are discharged into the waste streams. they are
difficult to biodegrade due to complex aromatic molecular structures and synthetic ongin It 1
also undesirable aesthetically Even a very low concentration of dyes 1s highly visible and
unattractine (Khaturi & Sigh, 1998) lIts treatment 1s also a major dilemma for cnyvironmental

managers as 1ts degradation yields carcinogenic and Iethal products

Biopolymer nanocomposites based on Carrageenan/Graphene oxide for Fnvironmental Application I
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Textile industry uses different dyes for coloring Among them. crystal violet 1s one of the
important dye that 1s producing environmental and health problems Cnystal violet (CV) 15 a
basic dye, also known as gentian violet. methyl violet 10B and basic violet 3 (1 1ma et af . 2016)
Its molecular weight 1s 407 98 and belongs to class tnarylmethane dyes (Mohammed er @/ 2011
) Its absorption range 15 589 to 598 nm on UV spectroscopy CV is used for different purposes
such as pH indicator (turns violet from yellow with the transition at a ptl 1 6). as actne
mgredient in Gram’s stain and as bactenostatic agent in medical communily, 1n humans and
amimals as an external skin disinfectant and in textiles, pants and printing 1t 1s used as a purple
dye (Alok Miuial er al , 2010) When discharged mnto the environment via industnal ctiluent it s
harmful for living biota and human beings It can persist into the environment (n varicty ol ways
as 11 1s known 1o be a recalcitrant molecule as 1t cannot be metabolized by microbes and also
non-biodegradable (Chakraborty ef al, 2011) Therefore. 1t 1s necessary 10 saltely remove v

from industnal effluents before discharge into the environment

Contaminated water must be treated before discharge into the environment Considering
the wastewater treatment techmiques, well known methods are physical chemical and biological
methods Physical methods include filtration, reverse osmosis. precipitation  methods
(sedimentation, coagulation, and flocculation). adsorption {on activated carbon. sthea gel
biological sludge) etc Biological process can be aerobic (revival of biological sludge in acration
basins) and anaerobic (decay and rot in stabilizing lagoons) depending on the presence or
absence of oxygen Biological method also includes degradation by spectal fungi Chemical
methods require chemicals for the discoloration of water and 1t includes reduction. oxidation.

complexametric methods, 10n exchange and neutralhizauon (Forgacs e af . 2004)

Industnies such as. teatile, tannery. pulp and paper industries infrequently apply these to
treat their effluents because of relatively high operating costs and low removdl clliciencies
Among above-mentioned lechniques adsorption 1s found to be an efficient and economic method
to remove dyes and pigments It 1s found to be an advanced procedure for the remosval of
pollutants due to its low operational cost, simple design, easc of operation and msensitivity to

toxic substances{Sivaman & Leena Grace. 2009)

Adsorption 1s the process in which the contaminant (adsorbate} 1n hquid form mounts up

on the surface of solid adsorbent The pollutant adsorbed on the surface 15 called adsorbate and

-
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ﬁ

the solid matenal on which adsorbate 15 accumulated 1s called adsorbent Adsorption 15 found 1o
be an efficient method to remove pollutants [rom waste water as 1t 15 an efficient and economic
process A good adsorbent possess qualities hke easy to process, large surface arca long service
ume, simplicity of design, high adsorption capacily. abundantly available. non-tonic 10
cnvironment and biodegradable (Yan er al . 2014) Different low-cost adsorbents Like peat. {1y
ash, fertilizer wastes, clay minerals. sewage sludge, and agncultural by-product such as wheat

straw, barley husks etc to remove different pollutants from wastewater ( Cnim 2006)

Adsorption process can be affected by different factors such as pore size. specitic surtace
arca. nature. molecular size, polarity, surlace functional groups and weight of adsorbent Besides
this. the operating conditions, such as pH, ionic strength and temperature also affects the

adsorption capacity (Site, 2001)

In first step of process of adsorption, the adsorbate molecules present n the hiquid
solution transfers 1o the surface of the adsorbent Then, thesc molecules move to the dctive sites
of the adsorbent and travel along the pores of the adsorbent lhe adsorbate molecules adsorbs on
the mnteror surface of the pores of the adsorbent (Rosen, 2004) The process ol adsorption 15

shown in figure 1

Biopolymer nanocomposiles can be used for the adsorption of pollutants from
wastewater Blopolymer nanocomposiles are the combination of polymers from biological
sources and nanosized morganic solids which forms nanostructured matcrials (Vanessa [ eina
Campo er al , 2009) Biopolymer polysacchandes like carrageenan have attracted an Increase
interest because of s properties like they are cost effective, biodegradable. bio compatible and
renewable (Crini, 2006) Biopolymer carrageenan belongs to sulphated polysacchandes tamily
having high molecular weight obtained by the extraction of red scaweed It s composed ol
galactose and anhydrogalactose umts coupled by glycosidic linkages (Prajapat ¢/ al. 2014)
Graphene has taken a greater nterest because of its tremendous propertics like unique structure.
low cost. induces no toxic elfects and extraordmary electronic and mechameal propertics (Yang
et al . 2010) Because of the eco-friendly nature of the carrageenan. the present study was
designed to synthesize carrageenan based nanocomposiic 1¢ Carrageenan/Graphene Owide

nanocomposite for the removal of dyes

lrd
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Figure 1. Schematic flow of adsoerption process steps

The aim of this study 1s to synthesize a novel matenal to remediate toxic pollutants from

the environment and to check the feasibility of the product on lab scale

Objectives:

1 To synthesize carrageenan based nanocomposite using graphene oxide as nanofiller The
main objective of this work is to develop the bio based nanocomposites. Attempt will
be made to find the easier and cheaper way for this development and renewable
materials will be explored as the precursors.

2 To charactenze of the nanocomposite by different available techmques (SEM, TGA and
FT-IR)

3 The nanocomposites will be spplied for adsorption spplication in various fields to

minimize existing problems and challenges.

Bropolymer nanocomposites based on Carrageenan/Graphene oxide for Environmental Application 4
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Water pollution 1s a major problem around the world and chemical industry 1s found 1o be
a major contributor n polluting the environment. The worldwide high level of production and
extensive use of dyes generates colored wastewaters which cause environmental
pollution{Saceda et al, 2010 } The environmental 1ssues surrounding (he waler pollution n
industral effluent 1s a continuing problem for dyestuff manufacturers, dyers. fimshers and water
companies They consume several toxic substances for the manufacture of {inished products and
releases unused toxic substances as mdustnal waste mnto the emvironment (Aksu 2003) lhe
discharge of industnal effluents contaiming toxic contaminants such as toxic metals, dycs causes
negative 1mpacts on the environment (Khattn & Singh, 2000, Ramaknshnan & Nagarajan.
2009) According to researchers, among the chemical industry organic colorant 1ndustry
contributes 34% n polluting the environment (Robinson er af . 2001) Em rronmental scientists
and regulatory bodies are continuously facing these issues and to overcome these problems.,
regulatory bodies enforced stringent color standards to reduce the quality of color n cffluents
discharge (Low & Gan, 1999) Therefore, Pakistan Environmental Protection Agency (Ministry
of Climate Change) has estabhshed National Standards for Water Quality for Pakistan I or
example the maximum contaminant level for colour 1s 15 hazen I'able 1 shows the maximum

contaminants levels to determine water quality (D1l ef a/ , 2008)

When wastewater contarming dyes discharged 1nto the environment via industrial effluent,
it 15 harmful for living biota and human beings It can persist into the environment 1n variety ot
ways and also non-biodegradable Whendischarged into the freshwater bodies. some dyes are
detrimental for aquatic hfe They decreases the growth of aquatic life since dyes reduces light
penetration mto water bodies thus decreases photosynthesis efficiency of aquatic plants(N gaha ef
al , 2011, Slokar & Marechal, 1998, Strickland & Perkins, 1995) Some of the dyes also causc
serious damage to different parts of human beings such as hver, bramn. kidney. reproductine
system and nervous system People working n textile industry are at high misk to bladder
cancer(Bhatnagar & Jain, 2005, Chatterjee ef al , 2010, Poots ef al , 1978) Hence, decolonzation
of dye waste matter through removal of dye 1s an important aspect of textile wastewater

treatment

Biopolymer nanocomposites based on Carrageenan/Graphene oxide for Lnvironmental Application 5
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Figure: 2. Schematic diagram showing effects of textile wastew ater discharge
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Table: 1. Standard values of propertics of water quality

Properties /Parameters Standard Values for | WHO Guidelines
Pakistan

Colour <15 TCU <15 ICU
Taste Non objectionable/Accept able | Non objcctlonableb\ccepl able |
Odour Non objectionable/Accept able | Non objectionable Accept able |
Turbidity «5NTU (SNIU |
Total hardness as CaCO3 < 500 mg/] — o
TDS 1000 < 1000 -

pH 65-85 65-85 B

1 _ = - JE—
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The industnal effluents contamming dyes are difficult to remove due 1o their mert
properties hike they are recalcitrant organic molecules, resistant to aerobic digestion. arc stable to
heat, sunlight and ox1dizing agents Secondly, low concentration of dyes present m wastewater 13

difficult to remove and have high treatment costs(Ngaha et al , 2011)

Among various dyes, crystal violet (CV)1s a well-known used for different industrial
purposcs It has been widely used as dermatological agent. veterinary medicine as biological
starn, paper printing and 1n dye industry to give purple color to fabrics (Adak ef al . 2005) When
exposed to humans, 1t causes moderate eye 1rmtalion-causing aching sensitization 1o hight or may
causc permanent damage to cornea, may be absorbed through skin and cause skin and digestive
tract irritation or may cause respiratory and kidney failure in extreme cases [t 15 carcinogenic
and mutotic (Mittal ez a/ . 2010) It has been reported that 1t 1s also toxic 10 mammalian cells |t
was found that 1t is non-biodegradable and can persist 1n a variety of environments like 1n
freshwater. living biota and in so1l environment(L1m ef al . 2016} lheretore. 1t 1s nceessary to

safely remove CV from industrial e¢ffluents before discharge 1nto the environment

A Mittal et al (2010) reported that over the decades, industrics arc using different

removal techmques for the removal of contaminants such as coagulation. reverse osmosty chemical
precipitation, membranefiltration, solvent extraction, , photocatalyticdegradation sonochemical

degradation, cation exchange membranes, electrochemical degradation biological processcs and
adsorption(Chatterjee et al, 2010) Industries such as. textile, tannery. pulp and paper industries
infrequently apply thesc to treat their effluents becausc of relatively high operating costs and low
removal cfficicncies(Verma ef a/ . 2012) Among above-mentioned techmgues adsorption 15
found to be an efficient and economic method to remove dyes and pigments Iths found to be an
advanced procedure for the removal of pollutants due to its low operational cost. simple design,
ease of operation and msensilivity to toxic substances(Seow & Lim. 2016) So far many

adsorbents are used for the pollutants removal Some of the adsorbents are grven in the table 2

2.1. Biopolymer nanocomposites

Biopolymer nanocomposites can be used for the adsorption of pollutants from
wastewater(Crini, 2005) Biopolymer nanocomposiics are the combination of polymers from

biological sources and nanosized mnorganic selids which forms nanostructured materials{Vancssa

Biopolymer nanocomposites based on Carrageenan/Graphene oxide for Environmental Application 8
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Leina Campo et al, 2009) They have atiracted a greater interest over the last few years
Presently. they have gained greater attention because of 1ts natural source 1€ from proteins and
polysacchandes(L1 ef al , 2014) Natural polymers are¢ non-toxic, biocompatible, cheap. locally
available and biodcgradable Therefore they have been used for different applications like lor
controlled delivery of bioactive agents. pharmaceuticals, biomedical applications and lor

wastewater treatment(Prajapati et al , 2014)

Biopolymers are used 1n the form of matrix 1n the nanocomposites [ hey can be classified
Into non-ionic and iomic matenals The 1onic type consists of amonic (-CO2 - -S03 —) and
cationic pendants (-NR*(Bulliet et af , 2012) The presences of these 1onic groups play a key
role in removing pollutants from wastewater The color pollutants arc either cationic or anionic
molecules They show complexity with the anionic and cationic pendants of the
adsorbents(Mahdavimia er af . 2012) Hence, cauonic and anionic pendants can be used to
remove antonic and catiomc pollutants from wastewater Amony the amonic polymers.
carrageenan 1s a natural and efficient adsorbent for the removal of cauonic crystal violet

dye(Mahdavima et al . 2015)

Biopolymers arc of great concern n solving the biological and environmental
problems In recent years, 1t has taken a greater nterest 1n removing acidic and basic dyes {rom
aqueous solutions For example. Yan et al . (2014) investigated a study for the remos al ol
cationic dyes from water by absorbing on acrylarmde/chatonic hydrogels  unctional groups
present on the surfaces of the biopolymers play an important to determine the capacity.
effectivencss, selectivity and reusability of the adsorbent Today. adsorption 1s the best mcthod
which involves the nteraction of functional groups present on the dyes with the [unctional

groups present on the surfaces of adsorbent(Soedjak, 1994)

Biopolymer carrageenan beclongs to sulphated polysaccharides family having high
molecular weight obtained by the extraction of red seaweed(Daniel-da-Silva et af . 2008) lhe
name Carrageenan 1s derived {rom Chondrus cripus species of scawced [ ocally 1t 1s known as
Carrageen Moss or Insh Moss and Carragain It 1s composed of galactosc and anhy drogalaclose
umts coupled by glycosidic hinkages (Stucure given 1n figure 2)(Prajapat: ct al 2014} It 1s used
mn variety of food products (cheese, puddings, dairy desserts. sausages. and patlies). cosmetic

creams, shampoo, toothpastes and air freshener gels due 1o s excellent physical tuncuonal

Biopolymer nanocomposites based on Carrageenan/Graphenc oxide for Lnvironmental Application 9
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properties, such as gelling. thickeming, emulsifying and stabilizing abiliies{Vanessa | cina

Campo et al , 2009)

Table: 2. Different natural adsorbents for the removal of pollutants

Adsorbent Pollutant removed by " Reference
adsorption process
Kaohin Crystal Violet Dye (Nand1 er uf . 2008)

Bagasse charcoal

Acid blue dye 15

(Demmirbas, 2009)

|

|

| Ground shells charcoal Acid bluered 117 (I)cmeras 2009)
Redwood bark Cd.Pb (Randall er al 1974)
Pinus pinaster bark Cd, Cr. Pb (Raﬁcﬂll]_c__l_ai L1974
Black oak bark Cd. Pb, Hy (Randall ctal . 1974)
Activated carbon Pb (Vasconcelos & BC@dT 1994j
Wasle tea Cd,Cr (Orhan & Buyukgungor,
1993)
Walnut shell Cr.Cd “(Orhan & Buy ukguh:gor.—}
1993)
Chitosan Cd, Cr. Hg, Pb (haeral , 1988, Masn er al .
1974, Udaybhaskar er af .
1990}
Chitin Pb (Masni et al , 1974)
— -
Orange peel (white outer skin Cr (Masn et al . 1974) !
Orange peel (white mner skin) Cr " (Masri ctal . 1974) !

Biopelymer nanocomposites based on Carrageenan/Graphenc oxide for Enyironmental Apphcation 10
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In addition it has been extensively used mn pharmaceutical [ormulations(Ghanam &
Kleinebudde, 2011) Besides this, 1t 1s gaining a great nterest in studying biological bchavior
and 1s 1dentified as effective and specific compound for antitumor, anticoagulant and antiviral
activities It 1s also proved as an efficient polysacchanide agamnst HIV transmission after chemical
modification or after coupling with antviral agents (Buck. 2006) Studies proved that these
polysacchandes can be also used as prototype for novel therapeutic agent that 1s expected 1o be
more cfficient and less toxic than the current chemotherapeutic agents(Li et al  2014)
Depending upon the chemical structure and properties carrageenan arc divided nto different
types are classified into A (lambda), x (happa), i (ota), U (nu), p (mu) and O (theta) V L
Campo ef al , 2009) Depending on the position and number of sulphate groups. and physico-
chemical properties, ¢g viscosity and gelation characteristics, the most prevalent and
commercially attractive types of carrageenan arc kappa (1 sulphate group). 10ta (2 sulphate
groups) and lambda (3 sulphate groups) carragecnan(Sanhalia er al . 2006) lhe structure of

kappa carrageenan is given i figure 3
2.2. Carrageenan Extraction Process

The different steps involving n the extraction of k-carragecnan are given in the figure 2
In a typical process, specie of eucheuma, hyp-nea, chondrus and {furcellana are used as 4 raw
matenal Once they are received from harvesting location, they are sun bleached Lo dry
completely and then directly sent to the processing location Before shipment they are subjected
to test extraction m order to assess the quality of extract Other factors such as contents of
morsture, salt and sand and non carrageenanophytes are evaluated 1n this stage Depending upon
the texture of carrageenan, the dries seaweed 15 treated with 5-10% NaOH for a particular time at
a temperature of 80-90 »C then. the scaweed 1s subjected to boiling furnace and 11s extract is
collected 1n an evaporator n order to reduce the gel volume After hot extraction [iltrate 15 again
evaporated to reduce the volume of filtrate which 1s then extruded nto cold 1-1 5% KCl solution
through spinnerets The gelled threads formed are then subjected agan 1o washing with KCl
solution and are then dehydrated by pressing method The dried carrageenan 1s then milled to get

k-carrageenan powder(Prajapat: et al . 2014)

Biopolymer nanocomposites based on Carragecnan/Graphene oxde for Ens ronmental Application 11
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Carrageenan forms thermoreversible gels and have high viscosity which make them ideal
for mdustrial and economic use The presence of cations controls the gelation properties of this
biopolymer and its physic-chemical properties depend on the molecular weight and chemical
structure( Yermak ef af , 1999) Carrageenan nanocomposites have been widely used for difterent

applications that are given 1n table 2

Polysaccharides like carrageenan have attracled an increasc interest because of 11s
properties like they are cost effective, biodegradable, bio compatible and renewable(Mahdayinia
& Mosallanezhad, 2016) It has been used in the form of nanocomposites for a variety of
applications Some of the nanocomposttes are given In 1able 3 Because ol the eco-Inendly
nature of the carrageenan, the present study was designed to synthesize carrageenan bascd
nanocomposite 1¢ Carrageenan/Graphene Oxide nanocomposite for the removal ol dycs
Besides 1ts excellent properties, 1t has some drawbacks such as low weathenng resistance, rapid
dissolution 1 water. poor mechanical properties and low thermal property(Mehmood ef af .
2007) Because of its low thermal property and the property to dissolve readily n water,
carrageenan is incfficient to remove the pollutants from wastewatcr as high temperature would
melt them and will destroy the structure Therefore. k-carragecnan necds to be chemucally
modified Many methods have been reported to modify the biopolymers which mcludes such as

crosslinking, formimg complexes and graft copolymers(Ngah er af . 2002)

Among them, crosslinking 1s found to be best method to 1ncreasc its stability n
harsh conditions such as low and high temperatures, to prevent 1ts rapid dissolution 1n water and
low pH(Sagbas er al, 2012)In order to enhance the resistance of carrageenan dgainst
temperature, pH, and to prevent dissolution 1n water 1t 1s necessary 1o be modified Some
reagents such as epichlorohydnne. glutaraldchyde, Tr1 kthoxy Ortho Silicate and cthyleneglyvcol
diglycidyl ether were used to modify carrageenan( Thnmawithana ef a/ 2010) Among them, In
Ethoxy Ortho Silicate (TEOS) 1s a well known crosshinker for polysacchandes [t 1s recognized
as an efficient coupling agent to enhance thermal and mechamcal properties used 1n composiles
and adhesive formulations(Bib1 er al . 2015) It contans silicon. which 15 capable of torming
chemical association between dissimilar substances(Kamal er af . 2016 ) The general structure
of TEOS 1s given 1n figure 4 The mechanical strength can be improved by 1ntreducing a nano-

filler such as Graphene, Carbon Nano Tubes (CNT’s)(Bibs ¢t al . 2015) The addition of nano-
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filler not only increases the mechanical strength but also improves the rate and dyc adsorption

capacity

Seaweed

(Eucheuma,HyE-Nea, Chondrus, Furcellaria)

Sun Bleaching

y

Alkali Treatment
Washing \i\elth KCl

Hot Extraction

Filtration
Gelling
: I
l |
Cuttlfg Kclfrecmnauon
Gel Process Evaporation
Hydrauhc Press Kl Precipitation
(In 1-1 5% KCI1 Seln )
Drying Chamber Washing ¢
Milling Press or Freeze Thaw
Carrageenan Powder Chopping
Milling

'

Carrageenan Powder

Figure: 3. Flow chart of carragecnan manufacturing
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Recently, Graphene has been used as an excellent nano-filler in vanous nanocomposites
For example Yan et al (2014)reported the introduction of graphene in the chitosan biopolymer o
increase the mechanical strength and raie of adsorption of Copper 1n the study of Adsorption

behavior of cross-linked chitosan modified by graphene oxide for Cu (11} removal

Graphite contains a natural basic bmlding block known as graphene Graphene has tahen
a greater intcrest because of 1ts tremendous propertics like umque structure. low cost. induces no
tonic cffects and extraordinary clectronuc and mechanical properties(Loryuenyong ef al . 2013)
But 1t has a drawback that 1t forms agglomerates, which leads to msolubility which e tably
affects the dispersion of graphene before ntroduction 1n graphene based nanocomposites(Krolow
et al , 2011) To overcome this problem Graphene Oxide (GO) can be uscd as a novel adsorbent
which can be synthesized from low cost graphite It possesses high watcr solubility and large
specific surface area because there are large numbers of oxygenous groups like hydroxyl,
carboxyl. epoxy on the graphitic backbone of GO(Zhao ef al , 2011) lhc structure ol graphene
and graphene oxide 1s given in figure 5 The compatibility of carrageenan with GO 15 lound Lo be
unsatisfactory because of the non-homogeneous dispersion of graphene 1n the matrix and the
weak interfacial interactions between the graphene and the matrix [0 overcome this problem,

functionalized GO (£-GO) can be used as nano-filler in the biopolymer matrin(Li er ¢f . 2013)

During past several years, the dispersion and interface of GO with the biopolymer
matrix has been improved by using vanous surface and functionalization techmques Among
these treatments, silanc coupling agents have gained more interest because 1l increases the
dispersability as well as strengthens the nterfacial bonding between graphene and matrix(Wan ef
al . 2014) Generally, the functional groups such as ethylenc, aminc, epoxy. thiochydroxy present
on the GO surface covalently bonds with the polymer matnia(Li et al, 2015). thus lcading to

cnhanced properuies of carrageenan and GO

Considering the excellent adsorption ability of GO and good stabihity (n water and due to
the presence of sulphale groups present in carrageenan 1t 1s expected that the crosslinked
carrageenan/f-Go will be a super adsorbent In mmitial step, the cross-linked carragecndn
beadswere prepared and the preparation conditions were optimized In the preliminary report. we

have investigated the preparation of crosslinked carragecnan. characterization of carrageenan

beads
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Table:3. Comparative studies showing carragcenan composites for different applications

Nanocomposite

Initiator/Cross-linker used

Characterization | Application | Reference —‘

CA/RGO

AgNG;

UV-vis

Adgoﬁon—l Zhengetal .

spectroscopy, of Methylenc 2015
FTIR, SEM, and Blue ‘
XRD ‘
Magnetic kappa- K" Solution TEM, SEM, Adsorpllon— Mahdavinta et
carrageenan/PVA XRD, TGA, | ol Crystal al 2014
Violet
VSM ! !
Microparticles of Glutaraldehyde SEM, XRD Removal of | Nanakiet al .
ICAR and FT-IR Mctoprolol 2015 ‘
kCAR from ‘
aqueous |
samples |
CarAlg/MMt Acrylamide (AAm). TEM, SEM Adsorption Mahdavima ¢t |
methylenebisacrylamide XRD of crystal al . 2013
(MBA), and ammomium violet |
persul fatec (APS) |
i |
j-Carrageenan coated | -eeeee- FT1IR. TGA, ' Removal of_L Salgueiro ct al .

magnetic iron oxide SEM. XRD, VSM | methylenc | 2013 ‘
blue ‘

i - - L}

Kappa-carragecnan- Methylenebisacrylamide FTIR. SEM, Adsorption \ Mahdavimia and |
g-poly(acrylamide)) | and ammonium persulfate TEM, TGA ofcrystal  + Asgan 2013

sepiolite violet ‘

| |

Carragecnan/poly K" 10ns FTIR, SEM, Removal of | Hosseinzadeh et
{(vinyl XRD, TEM crystal violet al 2013 :
alcohol)/montmorillo dyc
nite
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Nanocomposite Initiator/Cross-linker used | Characterization | Application Reference
Carra/ Na-MMt Acrylamide and SEM, XRD Adsorption | Mahdavinia, ct al
Methylenebisacrylamide o[ Methylenc 2014 !
4 Bluc ;
| x-carrageenan-g- Mcthylenebisacrylamide FT-IR, XRD, Crystal jholami et al .
poly(methacrylic SEM, TEM and Violet | 2016
acid) VSM adsorption ‘
Carrageenan/ sodium Methylenebisacrylamide XRD, FTIR, Adsorpuion Mahdavinua et
montmorillonite SEM. TEM of crystal al |, 2012 |
violet |
Carragecnan grafted Potassium ATR-FTIR, Grafting Sukhlaaieda and
copolymer with poly persulphate tensile strength, Riyajan 2013
(vinyl alcohol) elongation at
break, swelling
rat1o, contact
| angle
K- K*/Ca** 10ns TEM. SEM. EDS, Drug Mahdas mia et
carrageenan/sodium XRD. FTIR. and Delivery al 2014
alginate hydrogel VSM
nanocomposite
[ Magnetic k- Chitosan FTIR.SEM,TEM. | Adsorption | Mahadivinia and
' carrageenan VSM,TGA of Methylene | Mosallanezhad
bluc from 2016
aqueous
solution o
Semi-IPN Methylencbisacrylamide SEM, XRD | -—---mmmmmeee- Mahdavinia et
carrageenan-based ! al | 2009
nanocomposite 1 |
Carrageenan/ laponite laponite XRD. SEM. TEM | Removal of | Mahdavima ct
RD crvstal violet al, 2012
dye |
Magnetic and K+- Fe304 nanoparticles SEM, VSM. Adsorption | Mahdavima ctal .
cross-linked kappa- TGA. TEM of crystal 2014
violet

carrageenan
nanocomposite beads

e
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w

and study of parameters such as contact time. initial concentration of crysial violet and adsorbent
dosage for the adsorption of crystal violet According to literature review. crosshinked
carrageenan beads have not been reported so far In the second phase. carrageenan/f-Go
composite 1s prepared to check the maximum adsorption of crystal violet lhe structural
properties of composite are characterized by infrared spectroscopy 1 he synthesized carrageenan

based nanocomposite is expected 10 be an efficient adsorbent for the remos al ot crystal violet

dye from aqueous solutions
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The present methodology 1s designed to synthesize an efficient. cheap and biodegradable
adsorbent for the removal of catiomic dye 1e crystal violet This chapter will describe the
detailed synthesis of carrageenan based nanocomposite, 1ts characterization lechmques used to

analyze 11s properties and adsorption models applied to describe the trends of adsorption process

3.1. Reagents and Materials

For the preparation of carrageenan beads and carrageenan-based nanocomposiles
carrageenan was purchased from Sigma Aldnch, Crystal Violet from Micko Industrial Chemical
Co and synthetic graphite from Sigma Aldrich All other chemicals used were analvtical grade

reagents without further purification

3.2. Synthesis

3.2.1. Synthesis of cross-linked carrageenan beads

| g of carrageenan powder was dissolved 1n 30 ml of water at 80° C temperature tor 1
hour Final volume after complete dissolution was 20 ml 4 ml carrageenan solution was taken in
a syringe and was dropped 1n 5 ml ethanol for hardening of beads (Q- beads) lhe hydrolyzed
TEOS (1200 pul) was added slowly in Q: beads The beads were poured 1nto dishes and then
dried for 2 days. The beads were further treated to check the stability

3.2.2. Synthesis of Graphene oxide

Graphene oxide was prepared by improved Hummer's Method (Paulchamy er af . 2015)
In a typical procedure, first of all graphite was purified by taking 8 ml of HCI and 25 ml of water
into a flask contaimng graphite (1g) The muxture was sturred at room temperature for 25-30
minutes and then decanted with disulled water unul pH reaches to 7 and color changes to
silverish black, In the second step. thc expanded graphite was oxidized to graphite onade
followed by muixing expanded graphite into 40 ml of H>S0; and 3 9 ml of 113P0, (9 1) lhe
minture was stired for 30 minutes on 1ce bath at 0 °C After 30 minutes, when the lemperature
was raised to 5 °C KMnO, (1 8 g) was added and stirred {or 30 minutes Distilled water {10-15
ml) was added 1nto the mixture and stired for 15-20 munutes at room temperature until its color

changed to reddish brown Then, the flask was sealed and mixture was boiled a1 100 °C for 2
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hours untl slurry was formed and the color changed to bright yellow Lhen 15 ml of water was
added followed by the addiion of 30% H0; (4-5 ml) and strred for 30 mnutes at room
temperature. The solution was allowed 1o settle down and upper clear half was decanted Afier
that, 20 ml of HCI and 50-60 ml of H;O was added into the mixture and was stirred for 30
minutes and room temperature and again decanted until pH reached to 7 The Graphene oxlde

was filtered and dried
3.2.3. Synthesis of TEOS functionalized Graphene oxide

200 mg of GO powder and 120 mL of ethanol were added 1n a flask and sonicated for 1
hour to form a homogenous solution The pH of the solution was adyusted to about 3-4 with 10%
HCI solution. 20 ml of ethanol and 06 g of TEOQS (666 ul) was mmed umiformly and added
slowly 1nto GO solution After, 12 hr somcation at 60°C, the product was washed with ethanol
many umes until all the unreacted TEOS was removed and then it was dnied (1 et al . 2013)

The schematic flow diagram of TEOS functionalized Graphence Oxide 15 given in figure 1

3.2.4 Synthesis of carrageenan/Graphenc oxide nanocomposite

[n the synthesis of carrageenan/Graphene oxide nanocomposite [y carrageenan powder
was dissolved 1n 30 ml disulled water at 80°C temperature for 1 hour and 0 0lg functionalized
GO (f-GO) was sonicated for 18 hours After complete dissolution of carrageenan, the sonucated
f-GO was added drop by drop into the carrageenan solution It was allowed to stir for an hour
Afler strring, the soluton was agam sonicated for an hour The carrageenan/f-GO selution was
poured mto the syringe and was allowed to drop tnto the ethanol Then 100 ul 11 OS was added
drop by drop in the beads. The beads were poured 1nto dishes and then were allowed 10 dry for 2

days The schematic flow diagram 1s given 1n figure 2

3.3. Characterization Techniques
Following techniques were used to charactenize the synthesized beads

3.3.1. FT-IR Spectroscopy

Fourter transform infrared spectroscopy (FT-IR) 1s a technique used to analysc the

structure of the composite FTIR spectra were obtained using a Nicolet 8700 FTIR spectrometer
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(Thermo Scientific Instrument) using germanium crystal The IR spectra were obtained at the

resolution of 6 cm™ from 500-4000 cm™ (Bib1 et al . 2015)
3.3.2. Thermogravimetric Analysis (TGA)

Thermogravimetric analysis 1s used to study the thermal behavior of the composites
formed The thermogravimetric analysis was performed a Mettler loledo, | GA/DSC star sy stem
under nitrogen flow (50mL/min) Expenments were carried out at a heating rate of 20 °C/min

from 80 °C up to a maximum of 675 °C (Kamal et al, 2016)
3.3.3. Raman Spectroscopy

Raman spectroscopy Is widely used to charactenize crystal structure. disorder and delects
in graphene-based materials Raman spectra were taken at roomi temperature under ambient
conditions using Remshaw in Via Raman microscope with 532 nm (Dhode pump solid DPSS)
green laser. Charged couple device detector was used to obtain the Raman specira (Bib1 el al |

2015)
3.3.4. Scanning Electron Microscope (SEM)

The results of SEM were observed using a JEOL, JSM-6400 scanning microscopc
Bruker silicon dnft EDS detector coupled with the SEM was used to nvestigate the chemucal

nature of the samples The samples werc analyzed at different magnifications (Bib1 et al , 2015)

3.4. Experimental

3.4.1. Swelling measurements

Dried carrageenan beads were used to determine the degree of swelling Gravimetric
method was used to study the swelling behavior of carrageenan beads The percentage degree of
swelling (% DS) was determuined by immersing the beads (0.5 g) n distilled water and allowed
to soak at room temperature for 24 h Then. they were removed and blotted with [ilter paper to

remove surface water, weighed and the % DS was calculated using

Ws — Wd
_ X

% DS = 100

Biopolymer nanocomposites bascd on Carragecnan/Graphene oxide for Environmental Application 22



Materials and Method Chapter 3

Where W, and Wy arc the weights of the samples swollen 1n water and in dry state, respectively
(Mahdavinia ef al . 2014)

3.4.2, Preparation of stock solution

001 g of Crystal Violet dye was dissolved 1n 1 L of detomized watcr to prepare the stock
solution of 100 mg/L The other solutions were successively dilluted with different
concentrations The pH of the stock solution was adjusted by using 1 0 mol/l. IC] or 1 0 mol'L.

NaOH (Yan et al , 2014)
3.4.3. Dye adsorption

Dye adsorption was carried out by immersing 0 05 g of beads 1nto 10ml of dyc soluton
with 10 mg L' of CV All adsorption experiments were examned through a batch method on a
shaker with a constant speed at 140 rpm To study the adsorption kinetics, at specificd ime
intervals. the amount of adsorbed CV was evaluated using a UV spectrometer (UV-1201 UV-
VIS-Spectrophotometer, SHIMADZU) at Ama = 590 nm The content of adsorbed dye was

calculated as

Co—-Ct
gt = xV
m

Where, C, 1s the 1mitial CV concentration (mg L"), C, 1s the remamming dye concentration
1n the solution at time t, V 1s the volume of dye solution used {L). and m 1s the weight of beads
(g) Adsorption 1sotherm was carried out by 1mmersing 005 g of the beads mto 10 mL of dye
solutions with 10.20,30.40,50,60,70 and 80 mg L' of CV The cquilibnum adsorption capacity
of nanocomposites, qe (mg g"), was determined using above mentioned equation  In this
cquation, the Ct and the gt are replaced with equilibrium concentration of dye in solution (Ce)

and equilibrium adsorption capacity (ge}, respectively (Mahdavima et al , 2014)

To evaluate the effect of pH on the adsorption capacity of beads, the pH of mitial dye
solutions was adjusted by adding dilute HCI and NaOH solutions

M
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3.4.4. Adsorption kinetics

Adsorption kinetics as a useful information on the rate of dye adsorption can bc
considered as an important factor for proper design of adsorbent (Liu & /hang. 2007) Lhe chect
of contact time on the adsorption of crystal violet on beads was mvestigated The expenmental
kinetic data were analyzed by pseudo- first- order and pseudo-second-order models The pscudo-

first- order equation 1s described as below (Da1 et af , 2011)
Ln(ge — qt) = Lngel — k1t

Where ge and qt (mg g") are the amounts of adsorbed dye on the beads at equilibrium and at
time t, respectively gel and ki (min™') show the theoreucal cquilibrium adsorption and rate

constant of pscudo-first-order kinetic, respectively
Also. kinetic data were analyzed using the pscudo-second- order model (Da1ctal 2011)

1 1 + t
qt k2ge? qel

Where k2 (g mg'l min’) 1s rate constant of pseudo-second- order kinetic and qe2 s the

theoretical adsorbed dye (mg g”')

3.5. Statistical Analysis
The adsorption parameters such as contact time, pli, concentration of adsorbate and amount of

adsorbent were also observed by mean and standard deviation
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4.1. Synthesis and characterization

The crosslinked carrageenan beads were prepared by ex-situ crosshinking of carrageenan
beads FT-IR results show the successful interaction of polymer chains of camageenan with
silane groups of TEOS The partial positive charge of silane interacts with the sulphate group of
carrageenan polymer chains and thus leading to successful crosslinking of carrageenan beads
Figure 1 and 2 shows the schematic mechanism of crosslinking of carrageenan beads and CG/f-

GO beads respectively
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Figure.2. Schematic mechanism of synthesis of CG/f-GO beads
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4.1Characterization Study

4.1.1. FT-IR spectra

The FT-IR spectra of pristine carrageenan powder arc shown n figure 1 Carragecnan
exhibited characteristic peaks at 3255 cm™ and 3393 cm™ which are due to O-H stretching 1he
appeared at 2935 cm’ correspond to C-H stretching vibration of alkane groups in the
carrageenan polymer chain A peak at 1219 em’' 15 attnbuted to sulphate cster groups of
carrageenan A peak observed at 926 cm” corresponds to the 3-6 anhydro- 1) -galaclose and a
charactenistic peak observed at 842 cm’! is due to presence of galactose-4-sulphate group
Simular results were analyzed by Mahadivima et al . 2015 1n the study kappa-Carrageenan beads

as new adsorbent to remove crystal violet dye from water. adsorption kinctics and 1soltherm

Figure 2 indicates the FTIR spectrum of carrageenan beads without crosshinking (Qo) and
carrageenan beads after crosshnking with 1200ul TEOS (Qz) The spectrum of Qy beads shows
the characteristic peaks at 2920 em”’ and 2853cm™ which indicates the presence of C-IT
stretch The Q» peak shifted towards left at 1622 em’ indicating the presence of stretching
vibration of C=C of the unoxidized sp> CC bonds while the Qo peak at 1581 cm-1 mndicates the
presence of C-C stretch The Q peak at 1030 cmindicates the presence of $1-O-C linkage
indicating the successful crosslinking of carrageenan beads The peaks at 925 em™ and 843 cm’”
are attributed to the 3,6 anhydro Galactose and @ (1-3)-D-Galactosc linkage which are present i
both Q, and Q- beads

FT-IR spectra of GO and TEOS functionalized GO are presented in figure 5 lhe t LR of
GO shows that peak appeared at 1712 cm’' 1s the characteristic bond of the C=0 stretching modc
of carboxylic groups of GO The band at 3687 cm’' 1s attributed to stretching vibration of Ol of
hydroxyl group The appearance of band at 1616 em” 1s assigned to the stretching vibration of
C=C of the unoxidized sp® CC bonds The peak at 2354 cm” 15 comresponding to the stretching
vibration of C-H group The peaks located at 3687, 1712, 1616 and 2354 cm” in the GO
spectrum ndicate the presence of OH, C=0 and C-O stretch respectively which supgests the

existence of hydroxyl, carboayl and alkoxy groups on the surface ol GO

#
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After functionalization of GO with TEOS. the band at 3687 cm™ became weaker and two
new bands at 3062 cm™ and 2972 ¢m™ appear corresponding to the stretching ol ~Cily groups
from alkyl chains assigning to the silane moieties of silane functionalized GO The appearance of
band at 1028 cm’ 1s assigned to the S1-O-C bonds, indicating the successful functionalization of
GO Similar results were found by Yan el al , 2014 1n the study “Mechanical properties of epoxy

composites {illed with silane-functionalized graphene oxide™

4.1.2. Thermo gravimetric analysis (TGA)

TGA analysis was conducted to test the thermal stability of GO shect Results were
shown 1n Figure 4 Three stages were observed in the quality loss cure of the GO sheet Firstly. a
roughly 5% quality loss occurred at the temperature of 100°C, primanly duc to the loss of H-O
molecules 1n the GO sheet layers Secondly. the thermal decomposition of instable oxvgen-
contaiming functional groups showed a roughly 15% quality loss, occurring at a temperature of
250°C Finally, a 68% quality loss occurred at 500°C was mainly duc to the combuston of the

carbon skeleton
4.3.4. Raman spectroscopy

Raman spectroscopy 1s widely used 1o charactenze crystal structure disorder and defects
in graphene-based materials [Guoa et al . 2012] Raman spectra were taken at room temperature
under ambient conditions using Renishaw 1nVia Raman microscope with 332 nm (Diode pump
solid, DPSS) green laser Charged couple device detector was used fo obtain the Raman spectra
of GO Figure 5 shows D peak of GO localed at 1346 em’', the G peak at around 1603 ¢m™ and
2D peak at 2952 cm” Similar results were found by Childres et al . in - Raman spectroscopy of
graphene and related matenals™ showing peak of D-band at 1350 cm-' G-band at 1580 cm™ and
2D band at 2690 cm’™

4.3.5. SEM Analysis of GO

Figure 6 shows SEM 1mages of GO and chemically reduced GO Single flakes of GO
may be observed Graphene oxide flakes have relatively large surface (with the edge of sheets
about the stzc of micrometers) and 1ts morphology resembles thin curtain  These parameters

indicate very good exfohiation of graphite during oxidation process

- - o]
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M
4.4. Swelling study

The behavior of swelling was determined by soaking the carrageenan beads m deionised
water The degree of swelling mamly depends upon the chermical composition. degree of
crosshinking and affimty of water The degree of swelling was found 39 39 % The ngid structure
of carrageenan beads restncts its expansion to uptake water Such a behavior of carrageenan
beads can be attributed to strong nteraction of sulphate groups and increased degree ot

crosslinking and thus leading to reduced water absorbency(Mahdavima ef af . 2014)

4.5. Adsorption study

4.3.1. Effect of pH on adsorption

The pH of aqueous solutions affects the removal efficiency of adsorbate by altering the
structure and surface of active sites of the substrate adsorbent Iigure 7 shows the results of
adsorbent removal efficiency with different pH value of solution It was found that carrageenan
beads showed maximum dye removal (17%) at pH 7 The 1onic pendants are completely
dissociated at pH 7 In acidic medium. i also adsorbs crystal violet probably duc to increased
interaction of sulphate group with the cationic dye while 1n basic environment the remosal
efficiency decreases and 1t may atnbuted to OH- screening effect on sulphatc groups
Mahadivinia ef al. 2015) Because of this behavior, the synthesized carrageenan beads are

considered to be an efficient adsorbent to remove crystal violet dyc 1n acidic and neutral pll

4.3.2. Effect of adsorbate concentration

The adsorption of CV onto beads was examined with change in imtial dye¢ concentration
by immersing the beads 1n solutions with concentrations ranging from 10-140 mgl.' Results
shows that by increasing the CV concentration 1 the dye solutions the rate of adsorption by
beads was increased and then reached the maximum level at 140 mgL. "(11gure 8) Lhis indicates
that all the active sites on the beads have been occupied and became saturated and capacity

remains constant {Mahadivima et af , 2015)
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4.3.3. Effect of adsorbent dose

The effect of substrate (adsorbent) dose on the adsorption level of CV dye 1s studied and
results are shown 1n figure 9 The amount of adsorbent vaned from 005 0 04 ¢ and maximum
adsorption of CV dye was obtained at 005 g of beads At a particular weight of 005 g the
removal efficiency by carrageenan beads began to level oft This behavior depicts that with
Increase 1 the adsorbent amount there 1s an increasc in the mstauration sites of adsorbent 1¢ all
the active sites of carrageenan beads are occupied by CV dye particles (Mahadivinia er al .

2015)

4.3.4. Adsorption Kinetics

The kinetic of adsorption 1s one of the many factors which rcpresents the pollutant
adsorption rate and away to find the adsorption cfficiency Hence, the contact ime period of
beads and CV dye is an important factor to determine the adsorption rate Batch method was
used to examine the effect of contact ime. The beads were ummersed mto 10 mgl.”" of CV dye
solution at 35°C. The removal rate of dye was increased in first 10 minutes then reached at
constant level and maintained the equlibrium level All the active sites of carrageenan beads
occupied by CV n first 10 minutes and became saturated The rate constant and equihbrium
adsorption capacity of carrageenan beads were statistically analyzed by pscudo-first-order Model

and pseudo-second-order Model The kinetic data was analyzed by pseudo-[irst-order model as

Ln{ge — qt) = Lngel — k1t

Pscudo-second-order model was also applied to cxamine the kinetic data by following equation

1 1 t

qt - k2gel * gel

it 1s represented 1n figure 10, data is not fitting best 1n pscudo-first-order model 1t best
fits pscudo-second-order model as seen in figure 11 It was found that plot of t/Q1 agaibst t g1ves
a high correlation cocfficient with R%>0 999 which depicts the best fitung of pscudo-second-
order model According to pseudo-second-order kinetics, the theoretical equilibrium adsorption

capacities are 1 agreement with the expenimental data The adsorption takes place through
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various steps like surface diffusion, pore diffusion or by adsorption on the pore surface at
sufficient stirmng speed The graph between Qt and t"’3 shows that the intra-particle diffusion 15

not a rate hmiting step of adsorption kinetics as 1t 1s not passing through a straight line (figure
12)

ﬁ
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Conclusion:

I'he crosslinked carrageenan beads and carrageenan/ graphenc ovide nanocomposite was
synthesized by exsitu crosshnking method and achieved stability 1n water Crosslinked
carrageenan beads were evaluated to remove CV from aqueous solutions lhe synthesized
crosslinked carrageenan beads were found efficient for the adsorption of crystal violet dye trom
aqueous solutions The results depicted that 1t can absorb CV in very less ume 1 10 minutes
The effect of pH on the adsorptton capacity of beads was studied and 1t was found that (t can
behave efficiently n acidic and neutral environment The adsorption capacity of carrageenan
beads was also determined by varying the adsorbent dosage and maximum adsorption was
achieved m lowest adsorbent dosage The adsorption kinetics of dye was also analysed by
pseudo-first-order model and pscudo-second-order model and pseudo-second-order model was
obtamned besl 1o fit expenmental data The effect of concentration of CV dyc revealed thal the
adsorption capacity of beads for CV was efficient to remove maximum concentration ot €V up
to 140 mg g”' According to above descnibed results, 1t was found that carrageenan 1s an clticient

to remove catonic dye such as CV 1n lesser time with low adsorbent dosage

]
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