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ABSTRACT

INTRODUCTION
Untreated colored effluents from textile and dyestuff industries are
resistant to biochemical oxidation, highly toxic to marine and human life and
carcinogenic in nature. They are stable in light, impede light penetration into
receiving waters and upset the biological activity of the natural flora and fauna.
Amongst the various physico-chemical treatment processes used for
removing pollutants, adsorption has been found to be an effective, economical
and an easy method for the removal of color from contaminated wastewater.
Activated carbon has not found. favor in view of economical
considerations and regeneration difficulties. The results on other adsorbents,
mainly agro residues and industrial wastes, are also not very encouraging.
Lignin is a waste material present in the black liquor of the pulp and
paper industry that possesses problem of its disposal. it shows good sorption
properties and has been chosen'as an adSQrbent for the removal of ‘dyes from

wastewater.

EXPERIMENTAL
Lignin has been obtained by acidification of spent black-liquor obtained

from pulping of Sarkanda ('Sacbharum munja). The lignin particles are

Orer

negatively charged which or'e strongly the positively charged organic

dyes thereby giving a higher uptake of cationic dyes. Three cationic dyes,

namely, Crystal violet, Neutral red, and Toluidine blue have been chosen for
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adsorption studies. Th aqt}eous solutjons of the dyes have been estimated

spectrophotometrically b\y drawing calibration curves at their Amax.

Batch method, be\c::l;e/of its simplicity and ease of evaluation of
adsorption parameters, has been used in the study of adsorption and
adsorption kinetics experiments. 0.1g of lignin is equilibrated with 10 mls of
adsorbate solution. The résidual dye '_is ‘estimated spectrophotometrically.

Adsorption isotherms at different temperatures, pH, and parficle sizes have

been plotted.

s

The (specific ;@ of the adsorbent has been calculated and the

VL Lc‘i-)\thennodynamlc and’Kinetic parameters have also been evaluated.
Wr

w\“" . RESULTS

lf(! ‘ Adsorption Studies
| The plots of dye-removal vs. time of contact indicate that the removal of
dyes occurs in two phases. In the first phase the uptake of solute is fast while in
the second phase the rate of removal becomes quite slow and the subsequent
removal of solute continues over [ongér period of time. Major part of the uptake

of dye seems to be complete in six, thirty-six and two and a half hours in case

. —r—
= -

of Crystal violet, Neutral red and Toluidine blue/respectively. Hence, equilibrium

time of eight, fifty-four and three and half hours has been taken for the three

S———

dyes) respectively.
The logarithmic plots between dye removal and time of contact are
linear. The result shows a positive adsorbtion in all adsorption isotherms. The

isotherms are concave to the concentration axis. The extent of adsorption
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increases with increasing concentration of dyes. A rapid adsorption at low dye
concentration, that markedly decreases at high dye concentrations, Ieadé toa
slow approach to saturation. At low concentration of dye, about 50 — 98% of the vy
dye gets adsorbed showing that lignin is quite suitable for the removal of dyesf \n\'y -
-All the three dyes show favorable adsorption but to different extents.
Amongst the three dyes, at the same pH, the uptake of Neutral red is much
higher than Toluidine blue and the uptake of Crystal violet is lower than both
Neutral red and Toluidine blue. The difference in the extent of adsorption of the
three dyes is due to the spatial geometry of their molecular structures.
Toluidine blue and Neutral red are linear molecules and their positive charge at
nitrogen is more accessible to the adsorbent, thereby causing a higher uptéke
of these compounds. On the other hand ry@ et is a triphenyl methane
dye having three benzene rings attached Ml carbon atom. It shows a
planar trigonal orientation, with positively charged nitrogen at one end of the
triangle with which it links to the negative sites of the adsorbent. lts geometry
'sterically hinders the positive site on the adsorbate molecule from coming in
effective interaction with the adsorbent, resulting in a lesser uptake of Crystal

violet. p /\ MU"’WQ !

Adsorption for the thrié dyes has been fouRd to increase with increasing '

temperature. The heat of adsorption is exothermic/and the values increase with

the extent of adsbrption and follow the order: Crystal violet > Toluidine blue >

adsaptk4

The sorption of the cationic dyes also increases with increasing pH. This

Neutral red for the same amount_of

is because increasing pH results in the increased negative charge on lignin
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surface thereby leading to increased sorption. Adsorption is found to increase
with decrease of particle size of lignin.
| The adsorption data at various temperatures, pH and particle sizes of
lignin has been correlated with both Langmuir and B.E.T. adsorption models.
The entire data is much bett}[gpresented’ﬁmﬁgﬁﬁif*m‘odel dsorption
follows the L/a,ng,_%n;isﬁenn model for all the dyes in the concentration range
studfied, which is100-2000 mg/l for both Crystal violet and Toluidiné blue and
éwwwfﬁneanzaﬁon of data is obtained for
Toluidine blue when plotted for B.E.T. In the case of Neutral red linearization is
obtained only at low dye concentrations. Crystal violet does not obey B.E.T.
The values of constant ‘Q°*, the amount of dye adsorbed for forming a
complete monolayer on adsorbent surface, as calculated from B.E.T plots are
less than the ones obtained from Langmuir plots and are higher for Neutral red
in comparison to Toluidine blue. The values of B.E.T. constant ‘A’ are negative
for Neutral red (and positive for 'foluidine blue) except at pH 7.0 and above
200 mesh size where the positive values follow the order : Neutral red >

Toluidine blue.

Adsorption Kinetic Studies

The sorption kinetic studies indicate that for all the dyes, the sorptien
process is quite rapid at lower concentrations and about 70-97% of the
adsorption occurs in the first hour of contact. 'I"his initial rapid adsorption
subsequently leads to a slow approach to equilibrium. These curves also

indicate that the amount of solute removed during the first hour of contact

decreases with increase in concentration of adsorbate. The of



adsorption is found to be dependent on the initial adsorbate concentration.

~ The Bt vs. t plofs for all the three dyes at various temperatures, pH and
particle sizes of lignin are linear and .passing through the origin at and above
800 mg/l for both Crystal violet and Neutral red and at and above 750 mg/l in
case of Toluidine blue. These plots are dependent on the initial concentratiog
the dye solutions. At higher initial concentrations the peréent removal of
adsorbate decreases. At lower concentrations, the Bt vs. t curves deviate from
linear behaviour. This indicates that the adsbrption of all the three dyes is both
fm particle diffusion; controlled by particle diffusion at and above 800 mg/l

for Crystal violet and Neutral red and at and above 750 mg/l for Toluidine blue;

Rt R

while at lower solution concentrations film diffusion also affects the adsorption.

As the initial concentration increases, the film diffusion process' diminishes
while particle diffusion dominates.

The adSorption rate has been found to incre ith increase of

temperature for all the dyes. This further supports ;}article diffusjon to be the -

rate controlling process. Increase in mobility of the sorbi
temperature results in increased sorption rate. The adsorption rate is also
_ markedly dependent on the particle size of the adsorbent lignin. The results of
the variation of particle size show that the rate of exchange is ihversely
proportional to the particle size. This clearly indicates a diffusion-controlled
process and not one controlled by chemical interaction because in the latter
case the adsorption rate would be independent of particle size. |

The shapes of McKay plots at various temperatures, particle sizes and

pH for the three cationic dyes are linear. The curves do not pass through the

vi
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origin, thus indicating the presencé of two interdiffusion processes that

comprise the overall rate of exchange: an initial very fast process, not depicted

in the graphs, corresponding to film diffusion and a later comparatively slower

process, corresponding to the depicted straight-line portion of the McKay plots.
VIV A

This behavior of McKay plots )',s/ also/\evidence in favor of particle diffusion

mechanism as the rate-controlling step.
The values of Dy, the effective diffusion coefficient, is in the order:

Toluidine blue > Neutral red > Crystal violet .The geometry and bigger size of
Crystal violet as compared to the linear structure of Toluidine blue and Neutral
red may be causing greater hindrance in its mobility within the pores of the
sorbent.

The energy of activation (E.) and pre-exponential constant (D,) have
been evaluated from the linear behavior of log D vs.1/T plots. The D, values
have been used to calculate AS*, the change in entropy of adsorption. A higher
value of E, is associated with the higher value of D, for all the dyes .The values
are similar for Crystal violet and Toluidine blue and higher than that for Neutral
red. The change in entropy value is negative for the sorption of Neutral red and
positive for the sorption of Crystal violet and Toluidine blue indicating the
disorder produced in the structure of the sorbent as a result of the uptake of

Crystal violet and Toluidine blue cations.
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CHAPTER 1
GENERAL INTRODUCTION

1.1 INTRODUCTION

Rapid industrialization and many other modern day activities have led to
the generation of a huge amount of materials of little value. Such materials are
generally considered as wastes and their disposal is a problem. Utilization of
such materials wherever possible and theif safe disposalj’;being intensively
looked into at all levels. Hazards ffom toxic wastes like acids, metal salts and
radioactive material are eII known. Besides this, industrial, agricultural,

domestic and cooling and rinsing activities generate waste water containing

many pollutants.

1.2 WASTE WATER PROBLEM

Exhau_s}i_\@ﬁ(_ploitation of natural resources has resulted in the
deterioration of the environment making the healthy survival of mankind a
challenge. Water, in addition to air, is the most important element of life. As a
result of intense use of fresh water, the presence of toxic chemicals (inorganic.
and organic), biological agents and even heat and radiation in surface water
are gradually increasing. The nature of theée chemicals varies from place to
place, industry-to-industry and level of advancement in domestic life. Thus,

depending on activity, water may contain different poliutants.

The removal of toxic pollutants from water is a difficult task because of



§

the diverse number of compounds and the extremely low congentrations
normally e'n){c@gared. Industry and government are becoming ipcreasingly
aware of the need to clean up industrial effluents and reduce Yiver| pollution.
The standards for the quality of a waste water effluent are gradually becoming
more rigid. Stringent restrictions have been imposed on the concentration of
these compounds in waste waters for safe discharge and new methods of

treatment are continuously being investigated and developed.

1.3 POLLUTANTS

The term pollutants, in a broad sense, refers to a substance/material that
changes the natural quality of the environment by physical, chemical and
biological means. Some of the most common chemical§ (24) found in waste
. water and considered as potentiél pollutants are phenols, dyes, detergents,
poly-‘nucle?hyiirocarbons, poly chlorinated biphenyls (PCBs), insecticides,
pesticides: (74yheavy metals etc. They are toxic: if present above a certain

level.

1.3.1 Biological Agents

Biologically active agents (24) such as Vibrio comma, Salmonella
typhosa, Escherichia coli, Shigella dysenteriae and Yersinia entrocolitica may
be present in domestic effluent and sewage water and need to be removed.
Some of the important water-borne diseases caused by biological agents are

cholera, typhoid, dysentery, gastroenteritis, jaundice etc

1.3.2 Heat

Ideally the temperature of water should be constant or under minimum



variation. Due to its high heat capacity, water is used as a cooling medium.
Thus, many industrial plants discharge water carrying away heat (23)./The high
temperature of this waste water not only affects aquatic life but is also known to

cause high corrosive activity and many chemical and bacteriological reactions,
such as formation of tri halo methane (THM) ) C&[)n W\ \

1.3.3 Dissolved and Non-Dissolved Chemicals
The presence of suspended solids clogs waterways, fills up dams and is
harmful to aquatic life in many ways (59). These include heavy metals, dyes,

phenols etc.

1.3.3.1 Heavy metals

Heavy metals are generally present as pollutants in a wide variety of
industﬁal effluents (109). They are toxic to aquatic flora and fauna even at
relatively low concentrations. The tannery industry dischargesv chromium in’

“waste water. Copper, chromium, zinc and cadmium are widely generated from™

metal plating industry (132). Mercury from the production of electricalr
equipments, mining, smelting and fossil fuel cdmbustion contributei?lo the
poliution load of waste water. Lead is generated from a number 'of iﬁdustrial
and mining sources. Several other industries (like rubber processing, paint,

chloro-alkali, oil refining, fertilizer, chemical etc.) are also well known sourceofbf
heavy metal discharge. Ingestion of > 2g of zinc produces toxic symptoms in

humans (55). It is important to emphasize that many of these metals are
essential for human lif§ in trace quantities but become toxic if their

concentration increases above a certain minimum value. It may be added that
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in most waste waters the concentration of heavy metal(s) present is much

larger than the safe permissible limits and therefore they need to be removed

(16, 42, 47,65, 101, 125)

1.3.3.2 Phenols

Apart from metals, phenols are also considered priority pollutants (148)
as they impart bad taste and carbolic odor to water and are toxic (18,113) to
fish and human beings even at low concentrations. The permissible limit for
phenolic concentrations in industrial effluents before d‘iécharge into municipal
sewers and surface waters are 1 ~ 5 mg/l (82). Phenols present in waste water
are generated from pulp and paper, chemical, paint, resin, pesticides, gas and

coke manufacture and dyeing industries (73,75).

1.3.3.3 Dyes

Certain industries discharge waste water rich in organic content, of
which dyes are one of the most frequently occurring groups of compounds.
Dyestuff production units and dyeing units have always had a pressing need
for techniques that allow economical pretreatment for color in the effluent. Dyes
have the ability to impart color to another material ahd are considered important
wéter pollutants. Colorants such as colored pigments and dyes are widely used
for both domestic and industrial purposes for a variety of reasons, including
color coding, brand identification, eye—appeal etc. The use of dyes dates back
to the Stone Age much before the signs of first civilization. Many natural dyes
are obtained from animal and vegetable sources. However, with the invention

of synthetic dyes derived from petrochemical feedstocks, various forms of dyes



have now become available. More than 800 dyes are being manufactured and
consequently used for specific purposes. They are used in textiles, dyeing,
paper and pulp, petroleum refining, pharmaceuticals, food processing,
fertilizers, tannery, paint and other diverse industries. As such, the effluent of
these industries as well as plants manufacturing dyes tend to contain
appreciable quantity of dyes which are considered obnoxiolus typ% of pollutants
because they impart undesirable color, taste and odor to water which is not
acceptable due to aesthetic consideration and adversely affect human and
marine life (8,147) due to toxic and carcinogenic (110) effects. In contrast to
domestic waste of metabolic origin, these pollutants are resistant to bio-
chemical oxidation and persist in water for longer periods and reach hazardous.
concentrations with multiple re-us%%f water. Dyes used in the textile industry
are difficult to remove by conventional waste water treatment methods, since
they are stable to light and oxidizing agents and are resistant to aerobic‘
digestion. Nowadays thermally stable dyes are ihtroduced whieh are difficult te
degrade after use. Thus, water-containing dyes need to be treated for theit |

removal (155).

1.3.3.4 Miscellaneous su.ibstances

Radioactive substances (24) are handled with all precautions in‘ view. of
the harmful nature of radiations emitted by them. In Spite of this, radioactive
material are often found in effluents cdming from research laboratories,
hospitals, nuclear power pjaiits and ore proéeseing industries' and need to be
removed (26).

- Synthetic and natural detergents are used for cleaning and
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emulsification purposes. Domestic waste and effluents of pharmaceutical

industry may contain these surfactants (131).

1.4 TREATMENT METHODS

The type of prbcess to be used depends on the nature of the pollutant.
Some existing technologies like oxidati\)e destruction via UV/Ozone treatment
(78), dialysis (58), photo catalytic degradation (50,135), reverse osmosis (37),
biological methods (143), electrochemical. redﬁctipn (94) etc. may have a
certain ‘efﬁciency fof the‘ removal of toxic materials but theif initial and
operationall costs are so great, that they constitute an inhibition to the dyeing
and finishing industries (21,22), |

Impurities in water vary in size and are largely removed by
sedimentation. Gravitational éeparation by sedimentation is an effective
technique for the removal of uhstable suspended solids. Filtration is used for
the removal of solids present in surface waters, precipitated hardness from
lime-softened water and precipitated iron and manganese present in many
well-wéter supplies. Many of the impurities are too small for gravitational
settling alone. Chemical precipitation and biological metﬁods are the two
commonly used processes for the treatment of colored waste water. But these
methods suffer from the disadvantage of sludge disposal and long-term
biodegradation respectively. Conventional treatment processes, such as
aérated lagoon and activated sludge processes (ASP) are frequently used to
treat textile effluents (22). These methods are efficient in the removal of
suspended solids and chemical oxygen demand (COD) but Iafgely ineffective in

removing color from waste water. Hence investigations have been made on
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physico-chemical methods of color removal from textile effluents. These studies
include the use of coagulants oxidizing agents, ultra filtration, membrane
filtration, chemical oxidation, coagulation, precipitation and electroche;mical
techniques, adsorption and ion exchange techniques (13, 15, 49, 67, 45, 114,
27, 22).

These methods have their own shortcomings e.g. coagulation requires
pH control and causes further problem of sludge disposal. Ozonation, while
removing color effectively, does not minimize COD. Some of these methods
have been fouhd to be quite efficient for color removal but the cost factor
inhibit_s their large-scale use for small-scale industries. The cost of such
processes, therefore, needs to be ascertained. Some workers used thesc-;
methods in' conjugation with each other or some other process. Graham (38)_
tried to remove color by filtration and coagulation. Lin and Peng (64) used
coagulation in combination with electrochemical oxidation and activated slu_dgg

for treating textile waste water.

B2
.

1.5 ADSORPTION

The effectiveness of adsorption for dye removal from waste waters has
evolved it into an ideal alternative to other expensive treatment options (69). A
survey of literature has revealed that amongst many methods used for
removing pollutants from waste water, the adsorption of impurities from solutiog
onto solid materials is widely used because it is economic, effective, efﬁcient,/
as well as versatile as it removes a broad range of assorted pollutants. The
process is superior to other methods of water reuse by virtue of its low initial

cost, low energy requirements, simplicity of design and possibility of reusing the



spent adsorbent via regeneration. It has evolved as the frontline of defense for
the removal of pollutants, which cannot be removed by other techniques. The
term “adsorption” appears to have been introduced by i4yser tp connote the
condensation of gases on free surfaces, in contradiction to gaseous adsorption
where the molé@f gas penetrate the mass of the adsorbing solid. The
wider term “sorption"/proposed b@n embraces both types of phenomena.
Adsorption process has evoked considerable interest for the removal of -
phenolic compounds, heavy metals, dyes and color, refractory organics and
other non-biodegradable materials. A variety of solid adsorbents h@ been
developed' and used for adsorbing solutes from solutions and also from gases.
The versatility and wider applicability of adsorption in pollution control has been
recognized (2, 17). The process of adsbrption has an edge due to its sludge-
free, clean operation and complete removal of dyes from aqueous solutions
having dilute or moderate concentrations. The added advantage of the
adsorption method lies in the fact that the adsorbed ‘'dyes can be desorbed
under specific conditions with resulfant economy of operation. In brief, of all the
methods, adsorption appears to offer the best prospect for pveréll treatment of

waste water.

1.6 ADSORBENTS

The most important propérty that a good adsorbent (136) should
possess is its porous structure resulting in higher surface area. Not only this,
the time taken for adsorption equilibrium to be established should be as small
as possible, so that it can be used to remove contaminants in a lesser time.
Thus, for removal of pollutants, one looks to adsorbents with higher surface

area and showing faster kinetics.



1.6.1 Activated Carbon

In general, activated carbon is the adsorbent of choice. In various plants
that are used for treating waste water through adsorption, activated carbbn in
granularvor powdered form is the most wid'ely used adsorbent (3, 30, 48, 72,
86, 104, 153) for the purification of water because of its capability for efficiently
adsorbing a broad range of different types of adsorbates. Adsorption on
activated carbon is not usually selective as it occurs through vander Wall's
forces. Its surface area range is 600 — 2000 m?/g. It adsorbs different types of
pollutants (48) like metal ions (36, 51), phenols (118), dyes (3, 102, 146), PCBs
(105), detergents (68), pésﬁcides, chlorinated hydrocarbons, humic
substanc;:es, organic compounds (62) (which cause taste and odor problems)
and many other chemicals and organisms (29). It has even been used for the
removal of lignin and tannin colors from aqueous solutions (84). Kannan -and
Sundaram (53, 54) have made a comparative study on the adsorption of Acid
violet, Congo red, Methylene blue and Rhodamine B dyes on commercial :
activated carbon. Biologically activated carbon has been used for removal of
phenols (40, 150). Namasivayam et al have used ZnCl, activated carbon from
coconut coir pith for the removal and recovery of nitrate from water (88). Tseng
et al (46, 137) utilized pinewood-based activéted carbons for adsorption of dyes
and phenols.

In spite of good capacity, activated carbons that are used, suffer from
several disadvantages especially if it ié to be used on a regular basis for a large
volume of water. They are relatively costly materials making reclamation of

water an expensive proposition especially if the carbon is to be discarded after



single use. Its regeneration by thermal volatilization, in which adsorbed
organics are desorbed at high temperature, is uneconomical due to the high
cost of energy in heating the cérbon around 800 — 850°C. An alternative
“technique is that of chemical regeneration, in which cﬁemical reagerits are
applied to exhausted adsorbents. Chemical as well as thermal regeneration of
spent carbon is. impractical and produces additional effluent .In addition, the
fragility of activated carbon particles results in considerable (10-15%) loss of
the adsorbent in regeneration (14,105, 33). Therefore, the application of
activated carbon in developing countries has been restricted for specialized

purposes only.

1.6.2 Other Adsorbents

It would be ideal if alternative low cost adsorbents were available wﬁose
performance was comparable to that of activated carbon. This has not been
possible. Thus, the search for good alternatives of activated carbon (122) is still
on. Efforts continue to prepare cheaper adsorbents, generally from industrfal
and agricultural wastes.

The materials which have been identified as suitable low cost (71) and
commercially available alternative édsorbents fall generally into two categories:

(1)  Natural materials such as wood, peat, coal, lignite etc.,

(2) Industrial wastes/by-pfoducts such as slag, sludge, fly ash,

bagasse, red mud - a waste from aluminum industry etc.

These materials are available generally free of cost or cost very little as

compared to activated carbons.

The utilization of industrial wastes as adsorbents (12, 89, 90, 99, 115,
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128, 144) meets, though to a small extent, management of waste disposal
problem. Fly ash is a waste product of electrical power plants and available in
large quantities during burning of coal at high temperature. It does ndt find
favor due to its drawbacks of low sorption capacity and difficulty involved in
regeneration. Disposal of used fly ash is an additional problem.

Many naturally occurring (106) as >WeII as synthetic substances have
been tried and tested for their adsorption efficacy. Alumina is a synthetic,
porous, crystalline gel available in granules of different sizes, found to have a
surface area (28) ranging from 200 — 300 m?/g. The adsorption of fluoride ions
on commercially available grades of activated alumina has been studied by
Karthikeyan et al (56) to determine its defluoridation efﬁciehcy.

Bauxite is a naturally occurring porous, brystalline alumina contafninated
with kaolinite and iron oxides in varying proportions depending on place of
origin. It is widely used in place of alumina. lts surface area (76) ranges from
25 - 250 m/g.

Silica gel's porous, non-crystallihe granules show a higher surface area
(28) as compared to alumina, in the range 250—960 m?g. It is a good
adsorbent in many industrieé for drying of gases and liquids and purifying
hydrocarbons (9). | |

A number of exchange resins efficiently remove spéciﬁc organic
compounds (156) tHrough cation or anion exchange mechanism.

Zeolites are double silicates capable of undergoing reversible base-
exchange reactions (32, 44, 95). Their surface area (76) range is 1-20 m?/g.

Literature reviewed: has shown that a number of low cost adsorbents
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have been prepared but are not hvighly successful. Limitationé of such studies
have beeh : the surface area of the adsorbenf has been low in many cases
resulting in poor adsorptive power; comparative studies on different adsorbents
have not been carried out; the adsorptive_ properties of the adsorbents prepared
have been studied with regard to a few adsorbates only, and the performance
of these alternative adsorbents has not been generally compared with activated
carbon to assess their potentiality.

Different low cost by-products and waéte materials like eucalyptus bark,
plum kernels, red mud, slég, sawdust, bagasée pith, wood, peat, ‘bentonitfe clay,
chitin, agricultural residues (142, 149) have been extensively tried as
adsorbents (92, 99, 120, 127-130, 145). Iron oxides were coated on to the
surface of sand, and this composite media was used for adsorption studies of
phenolic compounds (119). Wood saw—dust has been used as an adsorbent for
the removal of heavy metais from waste water (77, 97) and the main adsorption
sites for metal ions in wood were found to be on lignin. Dentel et al studied the
sorption of 2,4,5-trichloro phenol and tannic acid onto montmorillonite based
sorbents (25). Singh and Srivastava observed that on the basis of higher
adsorption capacity, the use of activated sludge, Na-K montmorilonite,
impregnated fly ash, chemically treated sawdust and activated carbon prepared
from used tea leaves may be suggested for the treatment of waste water
containing phenols. (118). They have also tried Iron (III) - morpholine gel for
adsorption of pyro-catechol and pyrogallol (117). Alam et al have used nickel,
cobalt and cadmium ferro cyanides for the removal of o-nitro phenol and o-

amino phenol (1). Adsorption of chromium (VI) onto lignite was reported by
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Kannan et al (52). Wu et al reported the adsbrption of reactive dyes, metal ions
and humic acid on chitosans (a deacetylated' product of chitin) (151-152).
Clays, soil, talc, ground limestone, coconut husk, sand, kaolinite, célcite,
activated sludge, humus, Fullers' earth, colloidal silica, zeolites, alumina,
synthetic organic resins, inorganic gels and numerous other substances (35,

63, 83, 157) find mention in literature in reference to adsorption.

.1 .6.3 Adsorbents for Dyes

Graebe and Liebermann first put forward the concept of color, the
substgnce bearing it and its constituents. Later Witt propounded that a body
must possess one or more groups called chromophores so that it might
possess the potentiality of color. Molecuies containing chromophores areg
termed as chromogens. The salt-forming groups that help to develop the color
of a chromogen are named as auxochromes. |

Research survey reveals that various adsorbents are used to remove
dyestuff from waste water (10,11,19,20,34,43,61,79,83,85,91 ,107,108,120,1543
Carbonaceous sorbents have been reported to have the capability of
decolorizing dyes (123,124). McKay et al (80) studied a number of low cost
materials (teak wood bark, rice husk, bentonite, clay, husk and cotton waste) as
adsorbents for the removal of acidic, basic, disperse and direct dyes and
reported that in general, basic dyes are adsorbed to a greater extent than the
other dyes but no single characteristic of the dye or adsorbent seemed
responsible for such dye—adsorbent interactions and adsorption capacities.
Khattri and Singh (57) investigated the suitability of Sagaun sawdust for
removing basic~dyes (Crystal violet, Methylene blue, Malachite green and

Rhodamine B) from aquequs solutions and réported that the adsorption of dyes
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followed Langmuir equation. Further, the process was found to be exothermic
in néture with intra particle diffusion as the rate-goveming step. Sanghi and
Bhattacharya (112) made a comparable study of activated carbon with natural
adsorbents (chitin and radish leaves) for the removal of a reactive dye:
Remazol brilliant violet 5 R from aqueous solutions. They found adsorption
capacities of activated carbon, radish leaves and chitin to be 13.6, 40.0 and
38.2 ﬁ\g.g'1 respectively. Lui et al also used activated carbon for removal of
basic dye (66). Ozacar and Sengil investigated calcined alunite for the removal
of three reactive dyes (98): Reactive blue 114, Reactive yellow 64 and Reactive
red 124, whose maximum adsorption was found to be 170.7, 236.0 and 153.0
mg%1 respectively and for the removal of two acid dyes (96): Acid blue. 40 and
Acid yellow 17. Adsorption of dyes on Goda sand (81) was investigated to
assess the possibility of treating waste water streams from dye works for
removal of toxic materials. Other workers investigated the adsorption of dyes
on adsorbents as diverse as phosphorous containing carbonaceous adsorbent
(126), polymer mats (133), ZnS, M’nOz etc. in addition to the above-mentioned
materials, a number of agricultural and industrial waste products have also
been investigated as adsorbents for dye removal. An agricultural waste of rice
mills, rice husk ash, has been studied (129) as an adsorbent for the removal of
acidic dyes from aqueous solutions. The adsorption capacity was found to vary
from 99.4 to 155-mg/g making rice husk ash a good adsorbent. Annadurai et al
(7) used banana and orange peels as adsorbents for the removal of dyes from
aqueous solutions and the adsorption of different dyes was found to be in the
order: Methyl orange > Methylene blue > Rhodamine B > Congo red > Methyl

viblet > Amido black 10B. 1t was also reported by them that banana peel was
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more effective than orange peel. Gupta et al (39) used bagasse fly ash, a sugar
industry waste, for the removal of two basic dyes: Rhodamine B and Methylene
blue and reported that adsorption data fitted well with both Langmuif and
Freundlich models. Bagasse fly ash has also been used for the removal of
phenols (121). Netpradit et al. (93) investigated waste metal hydroxide sludge
by removing azo reactive dyes from aqueous solutions. He found maximum

62 m '/Other low cost adsorbents studiéd are hematite, banana pith (73),

adso;’? c¢apacity of the sludge for the reactive dyes to be in the range of 48—
biogas residual slurry (75) and sunflower stalks (116,130). Vasanth Kumar et al
carried out experiments on the removal of Malachite green onto carbonized
coconut shell (141) and carbonized paddy husk (138) and concluded that the
critical mass transfer resistance is the sole rate-determining step during th’g
adsorption process. They also carried out removal of basic dyes (139,140) onth
various agro-based wastes in fixed beds and found that adsorption favbrs at
lower initial concentration, low flow rate and at maximum bed depth. Mall and
Upadhyay (70) studied the removal of Methylene blue and Malachite greéﬁ“
using high and low carbon content fly—ash. They found that the. color removal
rate is more with high carbon content fly ash.@ Kanan and@? Meenakshi
Sunderam (53) investigated the adsorption of acidic (Acid violet), neutral
(Congo red), and basic (Mefhyler{e blue and Rhodamine B) dyes on
commercial activated carbon (CAC). Adsorption studies of anionic dyes on
aluminum treated com cobs powder (44) shows that maximum adsorption of
dyes was observed at low adsorbent concentration, acidic pH and 30°C

temperature. El Geundi (31) studied maize cob without any pretreatment for the

removal of two basic dyes; Astrazone blue and Maxilon red, and two acid dyes,
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Telon blue and Erinoyl red. They found that this agricultural waste has high
adsorption capacity of 160 and 94.5 mg/g. for Astrazone blue and Maxilon red
and low capacity of 47.7 and 41.4 mg/g for Erinoyl red and Telon blue
respectively. Saw-dust, corn cob waste, coir pith and agricultural wastes have
been investigated by Ajmal et al (5), Wu et al (152) and Namasivayam et al
(87) respectively as adsorbents for metals and dyes. Wool carbonizing waste
obtained as a result of processing of wool was investigated by Perineau et al
(103) for the adsorption of dyes. They observed that adsdrptioh of basic dyes is
6 — 10 times than that of acid dyes.l They reported that surface properties of this
are such that it tends to adsorb solutes of ionic nature. Al-Qodah (8) used shale
oil ash, an inorganic residue obtained after combustion of shale oil, as an
adsorbent for dyes. They reported that it possesses good porosity and
suggested that it can have good adsorptive behavior for both organic and
inorganic poliutants. Sah Miguel et al used waste-tyre rubber (111) for the
adsorption of organic compounds, viz. phenols, Methylene blue and textile
dyes. Hufnan hair (134) and waste paper has also been put to use for
preparing altemnative adsorbents. Hamabe et al used newspaper as raw
material for the production of activated carbon. It possesses good surface area

(100m?/g) and the yield was 40%.

1.6.4 Lignin

It is an amorphous, hydrophobic, multifunctional phenolic network
polymer. It is the non-carbohydrate component of wood, having the skeleton
structure of phenyl-propane monomers containing mainly methoxy (~OCHs)
and hydroxyl (~OH) groups. Lignin is resinous binding material between

cellulosic fibers that gives strength, rigidity and densities to the plant. It is the
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second most important renewable organic resource after petroleum. Although
lignin is one of the most durable biopolymers, it is perfectly biodegradable in
nature in the presence of some enzymes (100) unlike synthetic polymers that
present serious environmental problems in post treatment after use.

Lignin offers unlimited scope for industrial purposes. It is an important
source material for the preparation ofa variety of chémicals. Lakshmana Reddy
et al (60) have utilized it for the preparation of chemically activated carbon with
the aim of utilizing the polluting waste from pulp mills in prevention of
environmental poliution. Though it is partially consumed as a fuel by the paper
industry (calorific value = 6200 cal/g), no really economically satisfying
applicétion, on a large scale, of lignin has been found. The limited use of Iignig
is attributed to its molecular structure, i.e. the lignin molecule lacks stereo;

regularity and the repeating units of the polymer chain are heterogeneous.

Fig. 1.1 : Representativé chemical structure of lignin.

17



A large amount of lignin is wasting out from the pulp and paper
industries as black quﬁor during the manufacture of paper. Black liquor is
obtained during pulping of wood / agro-residues etc. with alkali. It thus contains
dissolved lignin and aikali. Large paper mills burn this black liquor to generate
energy as steam and recover alkali after recausticising. This alkali is reused for
the pulping of wood. Thus, large papef mills with chemical recovery offer the
advantage of recovery of alkali and energy, t_hereby drastically reducing the
environmental loads from pulping section. Small paper mills in India do not
haVe chemi_cal recovery, face problems. of its disposal and discharge weak
black liquor (after dilution) having high COD, color, alkalinity and toxicity.
Recovery of lignin from black liquor, to be used for other applications such as
an adsorbent, can greatly reduce the environmental impact of these mills and

to some extent, of the dye-using industries.

1.7 THE PROBLEM

A review of literature dealing with alternative adsorbents for the removal
of dyes shows that although a number of them have been studied, but their
efficiency as compared to activated carbon is considerably less. Alternative
adsorbents exhibiting higher adsorption capacity, lower initial cost and

potentially greater ease of regeneration are required so that they can be used

to replace activated carbon.

—————

1.8 AIM AND OBJECTI/VES*—'\\
Lignin is another rgaterial that is known to exhibit adsorption properties.

It carries a negative charge on its' surface which attracts more strongly the




positively charged dyes, thereby giving a higher uptake of cationic dyes. The
greater'afﬂnity of basic dyes for the adsorbent is due to the columbic attractions
between the surface anions of the adsorbent and the cations of the basic dyes.
Therefore in the present work, three cationic dyes, namely ¢rystal violet,
D(eutral red and ,T/oluidine blue have been used as adsorbates. Adsorption of
these dyes on lignin has been investigated with a view to obtain information
about the suitability of lignin as an adsorbent and assess the possibility -of
efficiently treating waste water streams from dye works with this low-cost
adsorbent.

In order to make the interpretation of the results less complicated as far

as possible, the experiments have been carried out with solutions of pure -

adsorbate. However, some measurements of adsorption in presence of salts

etc. have also been made.

The work has been divided into four chapters. The first chapter dealsj

with general introduction describing the status of the work.

The second chapter of this thesis deals with the materials and various
experimental techniques (methods) used in this study for isolation of lignin,
equilibrium sorption as well as kinetic studies. |

The third chapter deals with the adsorption of the dyes on lignin. The
studies have been performed by batch process under different conditions of
dye concentration, temperature, pH, particle sizes of lignin etc.

The fourth chapter deals with the kinetics of the adsorption of dyes
under different conditions. The thermodynamic parameters of the adsorption

process have also been evaluated. | )

{
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| CHAPTER - 2 |
EXPERIMENTAL MATERIALS AND METHODS

21 REAGENTS AND MATERIALS M |
21.1 Dyes

The three dyes-Crystal violet, Toluidine blue and Neutral red used were

of make Loba Chemie Pvt. Ltd. Bombay. ?

2.1.2 Other Chemicals

The reagents used in the purification of lignin were of A.R. grade. All
other chemicals used (NaOH, HCI, NaCl, NaBr, NH;Cl, BaCl,, KCl,
Al(NO3)39H20, NH4NO; etc.) were o@grade and were used without funher\@‘\Q"v"

!
purifications. Solutions of all the dyes were prepared in distilled water. \’gwb At -

2.1.3 Pulp
NS

Unbleached Sarkanda (saccharum munja) pulp, for the extraction of

—

lignin, was procured from a paper mill in/n?ﬁh India. , V\}W’L\
| | SRR X i

22 INSTRUMENTATION .

Measurements for pH/detenn'inations were ~made with Century CK 710
Water Analyzer kit. For the spectophotometric work, Shimadzu Spectro-
photometer UV 21008 (Japan) (10) has been used. |

Mﬁ)
L
ha
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2.3 PREPARATION OF ADSORBENT
2.3.1 Methods of Isoiation of Lignin
Most plant tlssues contain an amorphous, polymeric material called
}/}.lgmn which is an @product of plant metabolism and cements
cellulose fibers in plants. As early as 1939, Hess and co-workers (6) attempted
to isolate lignin from plant material finely ground in a vibrational mill to a particle

size 1-2 p. Bjorkman (2) also used wood, ground in an oscillating mill for the

Q \ isolation of }llgnln Schobinger ls_,olated soluble native lignin from wheat straw
according to Bjorkman’s method. Morkevs (7) isolated lignin from
various coniferous and deciduous woods and from bagasse. Pew (9) treated

53 !Sl;pruce wood and brown rot fungi, using the soil block method and obtained
lignin residues. Hachinama and Jyodai ‘modiﬁed Willstatter's method for the
isolation of lignin with fuming HCI (4). All these methods have also been
discussed in two reviews (3, 8).

The sulfate or Kraft cooking process is the most important of those used
in the paper industry for the delignification of wood.” Kraft’, in German, meaning

@j ‘strong’, obtained its name from the discovery by Q@L that the addition of
sodium sulfide to the soda cooking liquor increased not only the yield but also
the quality of the pulp which was superior and stronger.

Nowadays most of the pulp indusiries obtain puip by Kraft cooking
process@using a number of raw materials softwoods, hardwoods, agricultural
residues and non-woods (grasses). During pulping lignin is obtained as a by-

product in the manufacture of paper, in the form of black liquor. Lignin isolated

from spent black-liquor by Kraft process is called as ‘thig lignin’.
-
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2.3.2 Isolation of Lignin from Black Liquor

The cooked and unwashed Sarkanda (Saccarum munja) pulp was
obtained from industrial source. The cooked pulp was filtered through a muslin
cloth to separate black liquor. The filtrate obtained was acidified with dilute HCI
till the precipitation was complete. The precipitate was then allowed to settle
down and the supernatant liquid was decanted off. The precipitate was washed
repeatedly with distilled water till free from éhloﬁdg ions. It was dried at room

temperature. The product thus obtained is crude thio lignin.

2.3.3 Purification of Crude Lignin

Purification of a fraction of the obtained crude thiolignin was carried out
according to Ahim’s method (1). 10% solution of crude thic?l};nin was prepared
in dioxane, filtered and added drop-wise from a burette into vigorously stirred
anhydrous ether to precipitate lignin. The precipitate was washed with diethyl
ether and then with benzene. Finally the precipitate was washed with low
boiling petroleum ether and dried over anhydrous CaCl,, at room temperature.

The experimental results obtained with crude thionlignin and with purified
lignin were practically the same. Therefore, for all the experimental work, crude

thic?lignin has been used.

~

2.3.4 Particle Sizing of Adsorbent

The lumps of crude thic? lignin obtained were broken with the help of
mortar and pestle and the reduced powdered lignin was passed through sieves
of different mesh sizes. The fractions corresponding to B.S.S mesh sizes

40-100 (particle radius 0.021 to 0.0075cm), 100-200 (particle radius 0.0075 to

S
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0.0037cm) and above 200 (particle radius 0.0037 to 0.0022cm) were separated
and collected. The average value of the sieve openings in ¢cm, as menticned in
the ‘Conversion table for U.S. standard screen series’, (5) was taken as particle
radius.
N e

The various fractions were individually suspended in distilled water to

remove the adhering fine particles, filtered and dried at room temperature.

Finally, the products were stored in airtight bottles.

24 ESTIMATION OF DYES |

The three dyes (;rystal violet, l.ileutyal {;e/d/and )Loluidiné blue were
estimated spectrophotometrically{ Adsorb: nce of tﬁe dyes was noted at various
‘wavelengths and their Anax was determined as 583 nm, 530 nm and 604 nm
reépectively«. Amax is the wavelength at which the dye solution shows the
maximum absorbance of light at a fixed temperature and pH. Crystal violet and
/'lloluidine blue were estimated at pH 7.0 while ﬁeutral red was estimated at

pH 3.7. ( n

2.4.1 Stability of Aqueous Solutions
The aqueous solutions of the dyes were prepared in distilled water.
Aqueous solutions of 5Z/rystal violet andféluidine blue were found to be stable
~ at room temperature and neutral pH. The solutlon of )Neutral red dye was stable
in aC|d|c medium. The Anax and(ads rb ce of the various dyes was estimated

at different pH values on the Shimadzu spectrophotometer UV 21008 Amax @and

@rbance remained unchanged in the pH range 3.0 -7.4 for 9rysta| violet and
N\—_—M

‘o'I)ioluudme blue and from 3.0-4.4 for lﬂeutral red dye. Accordingly, pH of

e,
~
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< £

7.0(neutral) was chosen for the estimation of Zrystal violet and Toluidine blue
from aqueous solutions and pH of 3.7(acidic) for,Neutral red at their Amax values
of 583nm, 530nm gnd 604nr7/ respectively. :‘ /
2.4.2 Calibration Curves

Aqueous solutions of tHe dyes of different dilute concentrations wére
prepared at their respective pH. The absorbance of these solutions was
measured at their respective Amax values. Calibration curves, that are the linear
curves between absorbance and concentratioh of the dye (mg/l), were
constructed. These caw were used for the estimation of the
residual concehtration of dyes upon adsorption.

Equilibration time, amount of adsorbent, as well as the concentration
range of the adsorbate and the pH of the solution used in static and kinetic

measurements were decided after a great deal of preliminary investigations.

This equilibration time was used as contact time in the isotherm experiments.

2.5 SORPTION STUDIES
2.5.1 Batch Method

The batch technique (finite bath method) because of its relati\)e
simplicity is commonly used. Other advantages of this technique are its
freedom from complex hydfau!ic parameters indigenous to flow—through
systems, its adapfability to small volume work, ease of investigation in varidus
conditions and general facility of operation.

A seﬂés of 50 ml Erlenmeyer flasks were used for adsorption studies.

10 ml of aqueous solutions of varying concentrations of dyes was added to
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each flask and maintained at the desired temperature in a constant
temperature water-bath. Equal amount of lignin (0.1g) was added to each flask.
The flasks were shaken for 2-3 minutes and equilibrated for eight hours in the
case of %rystallviolet, fifty-four hours for I\Qeutral red and three and a half hours
in the case oflff:bluidine blue, with intermittent shaking. The supematant liquid
was centrifuged and analyzed forvthe residual dye concentration. In case the
pH of the residual dye is different from that of the calibration curve, the pH of
the solution is adjusted. To take care of the dilution of the dye solution during
the pH adjustment, the solution was diluted to known volume with distilled
water of the same pH. The concentration of the residual dye in the diluted
solution was estimated from the calibration curves drawn for this purpose. The
amounts sorbed were determinéd by difference between initial and final
concentrations expressed as mg of dye / g of adsorbent. Knowing the dilution

made, the concentration of the residual dye in the undiluted solution was

y [\ gD .
estimated. In case where the a;“dsoﬁ,bance of the dye was outside the

E§ @sorbance range, the solution was diluted with distilled water of the same pH.
\X&

The concentration of the diluted dye was estimated from the calibration curves

and the concentration of the undiluted dye was computed.

2.5.2 Effect of Temperature
To investigate the thermodynamics of the sorption process, experiments

were performed at different temperatures (20°€\\to 40°C +1°C).

2.5.3 Effect of pH

In order to study the effect of pH on adsorption, dye solutions of the
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three dyes at different pH (range 3.7-7.0) were made and adsorption studies

were carried out as mentioned above.

2.5.4 Effect of Particle Size of Lignin
In order to understand the effect of particle size of lignin on the

adsorption of dyes, lignin s_amples of different particle sizes (40-100, 100-200

and above 200 B.S.S. mesh size) were taken. Each sample was suspended in /\

3y
H

distilled water to remove the adhering fine particles and air dried at roo

temperature before use.

2.5.5 Effect of Salt Concentration
The effect of varying concentrations of NH4NO; solution on the uptake of

dyes on lignin has also been studied.

}Pw‘
This effect has been studied by varylng the amount of dye added in

2.5.6 Effect of Quantity of Dye :><\N"

solution equilibrating it with 0.1 g of lignin and estimating it as mentioned

above.

2.6 DESORPTION STUDIES

1 g of 100-200 mesh size Iigﬁin was equilibrated with 2000 mg/| solution
of each dye for their respective equilibration time. The quantity of dye adsorbed
was estimated spectrophotometrically. The'obtainéd lignin~dye complex was
filtered using Whatman filter paper and washed gently withvdistilled water to
remove any unadsorbed dye and dried at robm temperature. 0.1 g of this spént
lignin-dye complex was equilibrated with 10 ml df each désorbing solution.1M

MW
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aqueous solutions of KCI, NaCl, NaBr, BaCl, and Al (NO3)3.9H,0 were used as
desorbing solutions. After equilibrium, the quantity of the various dyes

desorbed in the supernatant desorbing solutions was estimated.

2.7  KINETIC MEASUREMENTS
2.7.1 Batch Method

Two types of experimental procedures have generally been used in
studying the kinetics of adsorption. A column or a shallow bed arrangement in
which the adsorbate solution is peréolated through the bed of adsorbent with
samples being taken periodically from the effluent is known as ‘infinite bath

R L,

fzftfﬂ'" A batch operation is one in which the known amounts of adsorbent
and the adsorbate solution are continuously shaken together and the aliquots
are withdrawn periodically from the reaction vessel. This is also known as tjmig
bath method’. The batch or finite bath technique was selected for the present
study.

A weighed amount of adsorbent is placed in contact with a standard
solution of the adsorbate at the preset temperature. Shaking or stirring agitates
the solution, Sorption rate is determined by measuring the uptake of adsorbate
in-solution. Thus, a number of experiments are carried out and the uptake of
the adsorbate, as a function of time, is determined. The change in the

concentration of the solution is estimated by analysis of aliquots withdrawn at

various intervals of time.

2.7.2 Kinetic Studies with Dyes
¢ - The details of the experimental set up are: a number of stoppered,

¢oming glass conical flasks (100 mi capacity), containing solutions of known
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volume (10 ml in each case) and concentration of the dyes were placed in a

thermostat-cum-shaking assembly. When the desired temperature was

reached, a known amount of sorbent (0.1 g) was introduced into each flask and
mechanical shaking agitated the solutions. At pre-decided intervals of time, the
solution of the specified conical flasks were separated from the sorbent

material by decantation and subsequent centrifugation and analyzed to

determine the uptake of the dye under study. Above experiments were carried |

out with Sarkanda lignin as adsorbent, and the cationic dyes /érystal violet,

/
y{eutral red and ;Foluidine blue as adsorbate.

2.7.2.1 Effect of Concentration of Adsorbate -~

N\

experiments were performed for different concentrations of “th yes. The

: C
concentration range studied was 100-1000 mg/l for SZrystal violet and 100-

gll in the case of both y(eutral red and Toluidine blue.
m t

2.7.2.2 Effect of Temperature

To observe the influence of concentration on the rate eo/fdso/rpti h,

To investigate the thermodynamics of the sorption Kinetics,
experiments were performed at various temperatures (20°C—40°C + 1°C).

Other experimental conditions like particle size and pH were kept identical for

e

each dye.

2.7.2.3 Effect of pH
Experiments were performed at different pH (3.7 - 7.0)_to investigate the
effect of pH of the dye solution on the adsorption kinetics. The temperature and

particle size of lignin were kept constant for each dye.

o g
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2.7.2.4 Effect of Particle Size of Adsorbent

In order to observe the effect of particle size of the adsorbent on the
adsorption kinetics, experiments were performed with adsorbents of different
particle sizes (40-100, 100-200 and above 200 mesh sizes), keeping the

temperature and pH of each dye solution constant.

46




REFERENCES

1. Ahlm C.E., “An Investigation of Spruce Thiolignin”, Paper Trade J., 113,

(13), 15,1941, |

Bjorkman A., “Isolation of Lignin from Finely Divided Wood with Natural

Solvents”, Nature, 174,1057, 1954. v/

3. Browning B.L., “Methods of Wood Chemistry”, Interscience, New York,

./7 2, 802-812, 1967. v

4, Hachinama Y. and Jyodai S., “Chemistry of Lignin”, Nippon Hyoronsha,
Tokyo, 117, 1946.

5. Helfferich Friedrich, “lon Exchange”, McGraw Hill, New York, 6§73, 1962.

6. Hess K., Jung K. P. and Heumann K. E., “Degree of Grinding
and Chemical Decomposition of Wood and Cellulose Fibres®,
Naturwissenchaften, 27, 770, 1939. \/ | |

7. Kudzin S.F and Nord F. F., "Studies on Hardwood Lignin”, J. Am. Chem.
Society , 73, 690, 1951. v~

8. Pearl I. A., "The Chemistry of Lignin®, Marcel Dekker, Inc., New York,
47-52,1967. |

9. Pew J.C., “Properties of Powdered -Wood and Isolation of Lignin by
Cellulytic Enzymes”, TAPPI, 40, 553, 1957. v

10.  UV-2100S UV-VIS Recording Spectrophotometer, Instructlonal Manual,

Shlmadzu Corporation, Kyoto, Japan. v W W(\( \ \)%\)}«N)‘\

47



CHAPTER - 3
ADSORPTION OF DYES ON LIGNIN

3.1 INTRODUCTION
Ve
Amongst the different pollutants of aquatic ecg/s.ystems, dyes are a
large and important group of industrial pollutants and include many different
compounds. Most dyes and pigments are considered inert or non-toxic, though

some of them are not totally innocuous. Though their environmental behavior is

largely unknown, interest is prompted primarily by concern over their possible

toxicity. Effluents from dyestuff manufacturing industry and other industries like
textile, paper making, leather, printing etc. are generally highly colored due to
discharge of large quantities of dyes along wiih a wide range of dissolved and
suspended solids and organic cbntaminants such as salts, surfactants,
enzymes, oil, oxidizing and reducing agents etc. Color is the first contaminant
to be recognized, as the presence of very Iow concentrations of dyes in effluent

N

is highly' visible to the naked eye andmundesiréble. Growing urbanization and
industrialization has resulted in incre;\;ed discharge of polluted waters into
receiving water bodies. Color not only deteriorates the aesthetic appearance of
the stream, but also inhibits the natural process of photosynthesis due to
absorbance of sunlight resulting in oxygen deficiency, thereby upsetting the
aquatic growth of the natural flora and fauna.

The removal of dyes from a colored industrial effluent is a challenging

problem. Nowadays therr?lally stable dyes have been introduced which are
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difficult to degrade after use. Many dyes are synthetic organic compounds and

are difficult to decolorize due to their complex chemical structure and large

molecular weights. These properties augment the treatment dit;ﬂculties with

i textile dye waste water. Low bio-degradability (BOD/COD less than 0.1) of

these dyes makes it difficult to remove them from waste water. There are many

structural varieties of dyes that fall into either the cationic, non-ionic or anionic

types. Dyes are known to cause allergic dermatitis, skin irritation, cancer and

> @ﬁeven genetic mutation. Removal.of dyes from waste water is therefore of
utmost importance to prevent pollution of water in the receiving watercourse.

Traditionally, biological treatment, adsorption, solvent extraction etc. are

widely used methods for removing poliutants from waste water (5, 6, 29, 30,

34). Adsorption has become one of the most effective and efficient techniques

for the removal of color from industrial effluent. The major advantages of an

a adsorption system for water pollution control are less ihve_stment in terms of
e SIS
initial cost and land, simple design and easy operation, no effect by toxic
(\ substances, and superior removal of organic waste constituents as compared
(\.——_———-‘-—\

to the conventional treatment processes. The added advantage of the

adsorption method lies in the fact that the adsorbed dye can be desorbed for

rWWS adsorption is generally reversible.
Regeneration of the adsorbent with resultant economy of operation may be
possible. Also, it is a sludge-free process.

The most commonly used adsorbent of choice is activated carbon (4, 20,

23, 49). The existing commercial systems use activated carbon exclusively.

The cost of activated carbon and relatively high cost involved in regenerating it ) /
B
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for reuse are some of the major. problems that render the operation of
adsorpt_ion sysw_gﬁ_alr.-Due to the expense of carbon for waste water
treatment, a search for subsﬁtutes is uhderway. Waste water treatment
requires vast quantities of activated carb_on, so improved and tailor-made

adsorbents are needed for these demanding applicationé. Such adsorbents

should be easily available, economically feasible and readily and quantitatively

regenerated chemically. The final choice of‘tAhe adsorbent is a matter of
economics. The choice is not a matter of 'sbr'p'tion capacity only but also 6f
regeneration, waste management and total cost of treatment. Taking these intd
account, it may turn out that a cheap sorbent with low sorption capacity is more

appropriate than the expensive activated carbon under some wgater-speciﬁc

circumstances. Use of low cost and affordably diéposable adsorbent can bring
down the cost of decolorisation to a significant extent.

The uée of non-conventional adsorbenté in waste water treatment has
become the target of research interest in recent years. With a view to find sorhe
other suitable adsorbents, investigators have studied a number of less
expensive adsorbents. Notable amongst these are bauxite, fly ash, soils, clays,
ion-exchangers etc. Many natural adsorbents like cellulose, peat, wood, lignin,
égro-residues etc. have also been used to study the adsorption of dyes from
aqueous solutions. Considerable amoUnt of work;((?, 13-15, 19, 25, 26, 35, 39-
42) have been reported in literature on color removal from waste water.

Lignin (1/(1), a waste product of the pulp and paper industry, has been
—

shown to adsorb a number of acid-base dyes (28, 43, 44) and many other

Qrganic compounds viz. afmines (37), phenols, dyes (9), alcohols (50), acids
% Lgnsad any
»‘ /‘.9 N
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(16), etc. The use of lignin as an adsorbent for the removal of cationic and

anionic dyes from their aqueous solutions has been explored. Lignin particles

—_

are negatively charged which attrac@more strongly the positively charged
dyes, thereby giving a higher uptake of cationic dyes. The greater affinity of
basic dyes for the adsorbent is due to the columbic attractions between the
surface anions of the adsorbent and the cations of the basic dyes. Though its
capacity is lower than that of commercial grade activated carbon, the low
material cost makes it an attractive option for the treatment of domestic waste
water. Lignin is a potential material for the removal of dyes from waste water
and can be used to treat the effluents from textile and other industries
discharging colored waste water. The results of laboratory investigations show
that lignin holds promise for effluent treatment for the removal of dyes.

This chapter describes the investigations on the sorption of three
cationic dyes: {Qérystal violet, }*”l/eutral red and /‘lj’oluidine blue on lignin as an
adsorbent. It includeé the sorption equilibria, various adsorption models, factors
affecting adsorption, some preliminary investigations undertaken to fix up
necessary parameters for studyjng the sorption equilibrium by batch process
and the results on the sorption of the three dyes under difrferent conditions of

temperature, pH, particle size of 'Iignin),etc.

3.2 EQUILIBRIA AND ISOTHERMS

The suitability of the proc_eés of adsorption, as a unit operation, for the
treatment of wastes can be determined in terms of two aspects viz., the
equilibria and the kinetics of adsorption. The rate of adsorption mostly depends

on the method in which the adsorbate comes in contact with the adsorbent
‘_______-——'-'—\
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material. The essential requirements for the unit process are rapid separatioﬂ 7
of pollutants and a longer life of the adsorbing material.
Adsorption from solution on to a solid occurs as a resuit of the driving

forces of lyophobic character of the solute, relative to the particular solvent, or

of a high affinity of the solute for the solid. The mechanism of the adsorption
process involves three steps:
1. The first is the transport of the adsorbate through a surface film to

the exterior of the adsorbent (film diffusion).

2. In the second step the diffusion of adsorbate takes place within
the pores of the adsorbent (pore diffusion). ?’f( ‘
3. The third and final step is adsorption of solute at the interior )9
surfaces bounding the pore and capillary spaces of the adsorbent —
(intraparticle diffusion).

The overall rate of the process of adsorption depends on the slowest
step. For a batch process "pore diffusion” and for a continuous flow system’
"film diffusion” are the most likely rate controlling factors.

The phenomenon of adsorption, in. general, includes ion-exchange,
phyéical adsorption and chemical adsorption. lon;exchange or exchange
adsorption is the reversible interchange of ions between two phases. It is a
process in which ions of one substance éoncentrate at the surface of the
absorbent as a result of electrostatic attraction to charged sites at the
adsorbent surface. Exchange adsorption debends on the charge and hydrated

size of ions involved. Both natural and synthetic products are used as ion -

exchange substances. Physical adsorption is adsorption occurring as a result
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of vander Waal's forces (dispersion forces). Mostly it is reversible and non-
specific in nature. Chemical adsorption is a result of specific interactions
between the sorbing species and sorbent material. In most cases it is
irreversible in nature and is effective at high temperature e.g., sorption of
phenols on silica or activated carbon involves hydrogen-bond formation.

When adsorption is irreversible, solute molecules cannot be eluted from
the sorbent material. In reversible adsorption the solute is adsorbed at the
surface and then moves towards~the'interior of the adsorbent. This process
continues till the equilibrium distribution of the solute between solid and solution

phase occurs. In this type of adsorption recovery of solute is possible.

3.3 FACTORS AFFECTING SORPTION
Many factors influence the rate of adsorption and extent to which a
particular adsorbate can be adéorbed. The parameters that have been

investigated for optimizing the use of lignin in waste water treatment are:

3.3.1 Nature of Adsorbate
Adsorption increases with decrease in solubility of solute in solvent. Thé
solute-solvent bond is to be broken up before adsorption takes place. Normally,

solubility of organic compounds decreases with increase in length of carbon-

chain and consequently adsorption increases with ascending homologous
_____—//

series. Other factors of importance, which have profound influence on the

extent of adsorption, are molecular size, structure and polarity of adsorbate

molecules present in waste water and their concentration.
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3.3.2 Nature of Adsorbent

Though every solid is an adsorbent, the physico-chemical nature of
adsorbent can have profound effect on both, the rate and the capacity for
adsorption. As adsorption is a surface phenomenon, portion of the total surface
available for adsorption depends on the particle size and shape of the
adsorbent material. The adsorption capacity for a non-porous or a pordus
adsorbent varies as the inverse of the particle diameter but for highly porous
adsorbents the adsorption rate is independent of particle diameter. Apart from
this, the chemical nature of the adsorbent material is also of interest that

determines the rate of adsorption.

3.3.3 Method of Contact

The uptake of adsorbate material also depends on the type and rate of

N )

contact i.e., the rate of adsorption may be different in “Batch mixing” or

“Continuous flow system.”

3.3.4 Adsorbate Concentration

The increase in concentration of the adsorbate in solution results in
increase in the magnitude of adsorption at a given temperature and pH.
Several investigators have studied this parameter and the results are generally

expressed by a linear form of Freundlich and Langmuir adsorption isotherms

2% Ak

3.3.5 Adsorbent Dose
It is important to determine the dose of adsorbent required to achieve a

desired level of treatment. Swamy eta/ (36)-observed that the percent removal . /
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of O-Cresol increases with increase in adsorbent dose, while removal per unit

weight of adserbent increases with decrease in adsorbent dose.

3.3.6 Contact Time

Contact time is also an important factor from the design point of view.
Adsorption of adsorbate species is faster in the initial stages of contact period
and becomes slow near equilibrium (31-33, 46). Contact time required to attain
equilibrium is a function of particle size, pH, rate of agitation, temperature etc.
Pretreatment of adsorbent also influences the equilibrium time. It was found

that if contact time is less, efficiency decreases.

3.3.7 pH

The removal of dyes from waste water with conventional and non-
conventional adsorbents is highly sensitive to its pH, as it may affect the
surface charge of the adsorbents, degree of ionization and the rate of
adsorption. Change in pH affects the adsorption process through dissociation

of functional groups on the adsorbate and adsorbent (24, 33).

3.3.8 Particle Size

Adsorption is a surface phenomenon such that the extent of adsorption
is proportional to specific surface area (micropores). Thus, the adsorption is
greater for small particle size (21). Although particles of smaller size provide
large surface area for higher adsorption but are unsuitable for continuous

column application.
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34 ADSORPTION MODELS

During adsorption the solute goes to the interface till equilibrium-is
attained between that in bulk phase and that at the surface, at a constant
temperature. At the position of equilibrium, t.here is a defined distribution of
solute between the two phases. It is conventional to depict the distribution by
plotting the amount of solute adsorbed per unit weight of adsorbent vs. the
concentration of solute remaining in the sollut.iOn at eqqilibrium i.e. equilibriﬁm
concentration, at constant temperature. An expression of this type is termed as
"adsorption isotherm”. a

For decades the Langmuir and the Freundlich theories have been used

to model the adsorption behavior of dyes at equilibrium (3, 43). The sorption
process is then discussed in terms of constants that are characteristic for the
individual systems (27, 47). The type of isotherms followed by a system can be

any, or a combination of the following models:

3.4.1 Langmuir Adsorption Model
It is valid for monolayer adsorption. It is based on the assumptions that:
a) Maximum adsorption corresponds to a saturated monolayer of
solute molecules on the adsorbent surface.
b)  That the energy of adsorption is constant and is distributed
uniformly at the surface.
c) That there is no transmigration of adsorbate in the plane of the

surface.
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The Langmuir isotherm is represented as:

0
q = ..____(‘1’+‘; g: S (1)
where:

Ce = remaining concentration of solute in solution at equilibrium.

Qe = amount of solute adsorbed per unit weight of adsorbent.

Q® = Langmuir constant related to the number of moles of solute
adsorbed per unit weight of adsorbent, for forming a monolayer on
the.surface.

b = Langmuir constant related to the free energy or net enthalpy of

adsorption (b « g™ "/RT)

The expression can also be written as:

cC, 1 .C, |
Tt eereennnd2)

Thus, a plot of Cs /ge vs. C. results in a straight line of slope 1/Q° and
intercept 1/Q°b, indicating the applicébility of the Langmuir mode! for the
formation of monolayer coverage of dyé on the outer surface of the adsorbent.

The assumptions of Laﬁgmﬁir model are not true for most systems of
waste water treatment, yet this equation is very useful for the treatment of
adsorption data. For example, the value of Q° for organic wastes on activated
carbon does not represent monolayer formation but a fractional limiting

capacity for adsorption, which is also a factor of practical utility.

3.4.2 Freundlich Adsorption Model

It is an empirical relationship describing the sorption of solutes from a
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liquid to a solid surface. It is a special case for heterogeneous surface energies
in which the energy term varies as a function of surface coverage due to

variation in heat of adsorption. Freundlich equation can be represented as:

q, =K.C"™ (3)
Data are usually fitted to the logarithmic form of the equation:
1
logqe =log Ks + - (log Ce) e 4)

where ‘K ' is the Freundlich constant related to the relative sorption capacity of
the adsorbent and ‘n’ is a constant related to energy or intensity of adsorptioh.
The plot of log ge vs. log Cs is linear with slope of 1/n and an intercept equal to
log K.

This gives an expression encompassing the heterogeneous surface
energies and the exponential distribution of active sites and their energies. This
isotherm does not predict any saturation of the adsorbent surface and can only

be applied in the low to intermediate concentration range.

3.4.3 B.E.T. Adsorption Model
Derived by Brunauer, Emmert and Teller is indicative of sequential (;(,>
multilayer adsorption and is represented by the equation:

A.C,.Q"

q = — e 5)
cs-ce[1+(A-1)C—ﬂ

where,

ge and C, are the same as above,

Cs = saturation concgntration of solute.
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QO

number of moles of solute adsorbed in forming a complete
monolayer on adsorbent surface.

A

a constant, expressive of the energy of interaction with the surface.

The B.E.T. model has been linearised to yield the following equation:

. G, = 1 + A-1 E.e_ (6)
TORGAT) Y Ve .Cs ............

The constants A and Q° can be evaluated by plotting Vs, -2

(Cs *Cer)qe . Cs .
3.5 HEAT OF ADSORPTION

The process may be exothermic or endothermic. The exact nature of the
process can only be determined by the values of the heat of adsorption.

The isosteric heat of adsorption is calculated by the equation:

T, . C
= R—12 log=t
R T "

where, for the same amount of adsorption:

Cs

equilibrium concentration of the solute at temperature T,

C, = equilibrium concentration of the solute at temperature T2,

R = Universal gas constant.

3.6 EQUILIBRIUM PARAMETER

The essential characteristics of Langmuir's isotherm can be expressed
in terms of a dimensionless constant, separation factor or equilibrium
parameter R (22) that is defined by the equation:

1
R = 1+bC,

(8)
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where,
Co, = the initial concentration in ppm,
b = the Langmuir constant for energy of adsorption.
R, predicts the efficiency of the process. It indicates the nature of the

isotherm and its shape. R values between zero and one indicate

favorable adsorption.
R, Values Type of Isotherm
RL>1 Unfavorable
R. =1 | Linear
0<R, <1 Favorable
RL <0 | . Irreversible , 3

3.7 SURFACE AREA

The specific surface area plays an 'important role in determining the
physical and chemical properties of a substance. In this study the adsorptiq‘h
from solution technique has been used for the determination of surface area of

the lignin sample. Toluidine blue has been taken as the solute.

f X» (innfol.g™) is the amount of solute adsorbed at monolayer per h\eQ j

gram of adsorbent,
An (in m2) is the cross-sectional area occupied by the adsorbate unit
- on the surface and
L (n ) is Avagadro’s number (= 6.023 * 10%),

S the specific surface area of lignin (in m?,4™) (8) is given by the expression :
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AL
s = Xn-An-l
. 9)

where N is the coverage factor (here taken as 1 for Toluidine blue). In this
study An value for Toluidine blue has been taken as 0.3 nm? (38) as estimated

from its chemical structure.

3.8 RESULTS AND DISCUSSiON
3.8.1 Evaluation of Sorption Parameters

The parameters to be fixed up for investigating the equilibrium by batch
process are:

a)  Equilibrium time OW /\

b)  Concentration of adsorbate in solution. \

c) Particle size of adsorbent material,

d)  Quantity of adsorbent.

e) pH and temperature.

f) Volume of the adsorbate solution.

g)  Presence of salts in adsorbate solution.

A moderately wide range of adsorbate concentration has been chosen
for runnmg of adsorption isotherms. 100 to 2000 mg/l in case of both grystal
violet and '}’olundme blue and 500 to 3500 mg/! in case of/\ﬁeutral red. This has
been decided, keeping in view the conceniration ranges at which notlceable
changes in concentration of dyes have been observed.

After trying a variety of fractions of particle sizes of lignin it was found
that the removal of dyes is most convenient when 1\W of

particles are taken. Thus, 100 to 200-mesh size of lignin particles have been
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used through out these investigations.

The equilibration time for optihum adsorption of the three dyes has been
determined experimentally' by observing the effect of the time of contact
(Table 3.1; Figs. 3.1 - 3.3) at a fixed adsorbate concentration (2000 mg/l for
¢rystal violet, 1000 mg/I for ;‘;Jluidine blue and 4500 mg/I for Neutral red). The
quantity of adsorbent has been decided aftér making a few trial runs. 100 mg
(0.1 g) of absorbent per 10 ml of solution haé been maintained for all the
adsorption experiments.

The results of these experirﬁents, depicted in Fig. 3.4, are the plots of
percent dye removal vs. time of contact for /érystal violet, ,Neutral red and
)’éluidine blue. The nature of the plots indicate that the removal of dyes occur
in two p'hases. In the first phase the uptake of solute is fast while in the second
phase the rate of removal becomes quite slow and subsequent removal of
solute continues over a long period of time.

The major part of the uptake of ¢rcystal violet seems to be complete in
six hours, ;oluidine blue in two and a half hours and ,;()eutral red in thirty-six
hours. As such, in case of ,C@rystal violet all éorption determinations have been
made after equilibrating the solution with adsorbent for eight hours and three
and a half hours in the case of ?oluidine blue. In the case of;deutral red the
sorption rate is comparatively siow because determinations are carried out at
pH 3.7(as the color of the dye is found to be stable in the pH range 3.0-4.4)
while other dyes are estimated at pH 7.0. At pH 8.(3 eutral red gets

precipitated during estimation and any further determination is not possible.

Thus, all observations forf},\feutral red have been made after equilibrating the
' n
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solution with adsorbent for fifty-four hours.

The logarithmic plots between percent dye removal and the time of
contact are shown in Fig. 3.5 for the three dyes. All the plots are linear.

Mathematically it may be represented as:

Ps = K¢ "
or logPs=mlogt +logky, (10)
where,
| Ps = percent solute removal,
t = time of contact (minutes),
Kt = the intercept of the linear plot (indicative of rate factor),
m = the slope (reflects the mechanism of adsorption). me‘\

@ \
3.8.2 Adsorption of Dyes

In order to determine the sorption potential of lignin as an adsorbent for
the removal of dyes, the study of sorption isotherms is essential.

The adsorption data for ¢wstal violet, [(leutral red and ,‘l’/oluidine blue are
given in Tables 3.2-3.4, Tables 3.5-3.7 and Tables 3.8-3.10 respectively. The
adsorption isotherms for ((;E'rystal violet are shoyvn in Figs. 3.6-3.8, for ﬂeutral
red in Figs. 3.9-3.11 and for E}"6oluidine blue the adsorption isotherms are shown
in Figs. 3.12-3.14. The isotherms indicate positive adsorptions in all the
adsorptions isotherms. These are WW& Although
the extent of adsorption increases with increasing concentration of adsorbate

and the adsorption mechanism éppears to be more efficient, the percentage

removal of dye is quite high at low adsorbate concentration i.e. the process of
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adsorption is not uniform and the percentage removal of dyes decreases with
the increase in initial concentration of dye. Annadurai and Krishnan (1,2) have
also@reponed similar results for the removal of dyes. The exponential

decrease in the percentage removal of dyes with increase in initial dye

concentration may be due to the reduction in immediate solute adsorption
arising due to the decrease in the availability of active sites on the lignin
surface as against the high number of active sites required at relatively high
concentration of dye. Thus, the nature of thé isotherms reveal a relatively rapid
initial rate of adsorption at low adsorbate concentration which decreases
markedly at high adsorbate concentration with a slow approach to saturation.
Atv low concentration of dyes about 50% to 98% of the dyes get adsorbed
showing that lignin is quite suitable for the removal of dyes. Amongst the three
dyes, at the same pH, the uptake of)?eutral red is higher than that of?oluidine
blue and the uptake of érystal violet is lower than both 7? oluidine blue and
)};utral red. Thus, the decreasing order of the extent of adsorption of dyes by
lignin is: NR > TB > CV, but at the pH chosen for the adsorption studies (pH 7.0
for /érystal violet and :;/oluidine blue, pH 3.7 for ,P?eutral red) the order is
TB>NR>CV. | |
c Ly

The difference in the extent of adsorptions of @rystal violet, Neutral red
and :'Isoluidine blue may be due to the spatial geometry of their molecular
structures. All the three dyes possess positively charged nitrogen that provides

a positive site for the adsorbate molecules to interact effectively with the

~adsorbent, the lignin parg'iqles. having the negatively charged sites. All the three
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dyes thus show favorable adsorpﬁon but to different extents. The structure of
three dyes, érystal violet, r?lleutral red and ]l{oluidine blue, used in these

investigations is given below:

3
Crystal violet | Neutral red
10
+ CH, CI ™
. N 'N’ 3
U
CHy
Toluidine blue
n 4
/ ..
Both yéeutral red and }‘ol,uidine blue are linear molecules. On the other

C
hand prystal violet is a triphenyl methane dye having three benzene rings

attached to a central carbon atom. It shows a planar triangular orientation. It
has a positive charge at one corner of the triangle, with which it links with the
negative sites of the adsorbent. Due to its trigonal spatial geometry its
adsorption is less than that of the other two linear dyes.
The ads?rption isotherms of the fhree cationic dyes, Eﬁrystal violet,
Y)‘eutral red and ;l!o(uidine blue at different temperatures are shown in Figs. 3.6,

3.9 and 3.12) respectively. It is observed that adsorption increases with increase

in temperature in all the three cases. The heat of adsorption as calculated (from
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equation 7) for the same amount of adsorption for the three dyes are given in
Table 3.11. It is observed that the values are negative indicating the process to
be exothermic. The values are higher for }Zfrystal violet in comparison to
foluidine blue and Neutral red. Figs. 3.15-3.17 shows the isosteric heats of
adsorptions for lignin-dye system plotted agéinst the amount of dye adsorbed.
The curve is linear in all the cases.

The attraction between the dye molecules tends to increase the heat.of
adsorption as surface coverage approaches unity and the average separation
| of the adsorbate molecule becomes small. However, the multilayer may begin

to form on some parts of the surface before the monolayer is complete. The

complications in the actual systems and the heterogeneity of the surface cause

a progressive diminution in the heat 6f adsorption as the surface coverage
increases long before the monolayer is complete. The increase in the heat of
adsorption due to intermolecular attractions may be marked by the reductions
in the same due to adsorption in higher layers.

The effect of pH on adsorption process has been studied at different pH
values for the three dyes. The variation of solution pH is reported to
significantly affect the dye adsorbed (1,2) i.e. the system is strongly pH
dependant. The experimental results indicate that the adsorption of the three
dyes on lignin increases with increase in pH, for the pH range studied, as is
evident from Table 3.3 for £rystal violet, Tabie 3.6 for)?eutral red and Table 3.9
for ;I%oluidine blue. The number of active sites on the surface of the adsorbent
may increase with varying pH. The rate of adsorption is maximum at pH 7.0.

Lower pH is unfavorable for adsorption. This is due to excess of H' ions in

solution causing a decrease in the availability of sorption sites on lignin for the
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dye molecules.

Kannan and Sunderam (11) have also reported the increase in
adsorption with increase in pH values in the case of basic dyes ;Mwethylene blue
and }}Rhodamine B. Karthikeyan et aljalso observed the rate of adsorption to be
maximum at pH 7.0 for the adsorption of Zn (II) onto chitosans (12) The
isotherms at different pH for the three dyes are given in Figs. 3.7, 3.10 and 3.13
respectively, showing the adsorption of the dyes to be highly pH sensitive.
Mahesh et al (18) have reported the favorable adsorption of phenol at low pH
ori activated carbon. The decrease in adsorption with increase in pH has been
explained on the basis of aqu.a—cpmplex formation and its subsequent acid-
base dissociation at the solid-liquid interface.

Lignin is an aromatic, complex, polymeric product of p-hydroxy phenyl
proparie units present in most plant tissues (18% to 38% by weight), arising
from the enzyme initiated dehydrogenative polymerization of its three primaty
precursors:

(@) Trans - p -~ coumaryl alcohol.

(b)  Trans ~ coniferyl alcohol.

(6)  Trans —sinapyl alcohol,

CHOH CHOH CHOH
b o &y
[ B H!l)
HC
H OH
-Coum Conifery Sinapyl
’ ult';olw‘;le alsohol aleaho!
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The negative charge on fhe surface of lignin arises from the dissociation
of phenolic -OH groups. At low pH the diésbciation of -OH groups is
suppressed and this results in a negative surface charge density of smaller
magnitude, in comparison to dissociation of -OH groups at higher pH, which
provides an increased negative charge on the lignin surface. The negatively
charged points, balanced by counter ions of opposite charge on lignin surface,
provide the adsbrption sites. As the number of sites increase with increasing
pH of the dye solution, the uptake of the solute also increases. The adsorption
of the three dyes increases with increase in pH from 3.7'to 7.0. Wieber et al
(48) also observed an increase in adsorption of Cu'™ and Zn™ ions from
solution by lignin due to dissociation of phenolic -CH and carboxylic groups.

Narﬁasivayam et al (24) observed maximum removal of nitrate in the pH
range 3.0 to 10.0 followed by a decrease on further increasing the pH to 11.0
and attributed it to electrostatic repulsion. The percent adsorption of phenol on
activated carbon has been reported (33) to increases up to pH 6 and then
decreases with further increase in pH.

The effect of particle size of adsorbent is given in Tables 3.4, 3.7 and
3.10 for Ffrystal violet, )xfeutral red and /'1Z oluidine blus respectively. As
adsorption is a surface phenomenon, portions of the total surface available for
adsorption depends on the particle size of the adsorbent material. As particle
size is reduced the surface area of lignin particies increases which results in
increased chance of contact between Iigniﬁ particle and the dye molecules.
This can be attributed to tﬁe breaking of larger particles that tends to open tiny

cracks and channels on th:e particle surface, providing added surface area that

68



)

can be employed in the adsorption process. Thus, the higher rate of adsorption
by lignin with smaller particle sizes may be due to the availability of more
specific surface area on the adsorbent. Figs. 3.8, 3.11 and 3.14 show that the
adsorption capacity of lignin for the three dyes increases as the particle size of
the adsorbent decreases. This indicates that the surface area associated with
the pores inside the particle is being freed, at least partially, and that the
effective adsorption regime is confined to the external surface and a narrow
layer just below the surface.

The increase in adsorption with increase in temperature rhay be
attributed to the increased dissociation of the -OH groups on lignin thereby
enhancing the negative charge on lignin with increase in temperature. Thus,
thé number of adsorption sites also increases with increase in temperature,
leading to increased upfake of dye at higher temperatures.

The adsorption data reveals that the Langmuir isotherm model is
applicable. The Langmuir pldts for all the three dyes are obtained at different
temperatures (Figs.3.18-3.20), at different pH (Figs. 3.21-3.23) and at different
pérticle sizes of lignin (Figs. 3.24~3.26), for ¢r-ystal’ violet, pfeutral red and
]‘oluidine blue respectively. The fesultant linear graphical relationship of the
Langmuir plots indicates that the déta fit? the Langmuir model in the entire
adsorbate concentration range. The vaiués pf Langmuir constants ‘Q” and ‘b’

are listed in Table 3.12. The observed values of ‘Q”, the amount of dye

adsorbed for forming a complete monolayer on the lignin surface, for the three

dyes increases with increase in temperature and pH of the dyes solutions and

with the decrease in the particle size of lignin; thus indicating that a greater
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quantity of dye is required for the formation of a monolayer at the surface of
lignin with increase in the temperature and pH and with decrease in particle
size of lignin. This is in accordance with the concept discussed above. The
values of ‘Q® at various temperatures, pH and particle sizes of lignin for y{eutral
red are higher than those for ﬂ‘ oluidine blue, which in turn are higher than those
obtained for ¢rystal violet. A similar trend is observed with the adsorption
results of these dyes on lignin at different temperatures, pH and particle sizes
of lignin i.e. Neutral red > /‘I’éluidine blue > Erystal violet. @

The values of Langmuir constant “b’ reflect the steepness of the
approach to saturation. The value of ‘b’ is the reciprocal of the concentration_at
which half saturation of the adsorbent is obtained. From the given table it is
evident that ‘b’ values increase with an increase in temperature fdr /erystél
violet and Toluidine blue and with decrease in particle size of lignin for éII the
three dyes. However, in case of ‘b’ values of /(L‘rystal violet and/'Féluidine blue,
no regular trend is observed with an increase in pH. In the case of[N'éutraI red,
‘D’ values decrease with an increase in pH from 3.7 to 6.0.

A good linearisation of data is obtained for ;r/oluidine blue at various
temperatures, pH and particles sizes of lignin when plotted for B.E.T. as shown
in Figs. 3.27-3.35. In the case of ;\(eutral red linearisation is obtained only at
low dye concentration at various temperatures, pH and particle sizes of lignin
(Figs. 3.36-3.44). Crystal violet does not obey B.E.T. model. Plots for the sarhe
at different temperatures, pH, and particle sizes of lignin are shown ih Figs.
3.45-3.52, indicating only monolayer adsorption.

 The values of BET constants, ‘Q® and ‘A’, as calculated from B.E.T.

70



L
plots for ;l’loluidine blue and K,;d'\eutral red at various temperatures, pi-l and
particle sizes of lignin are given in Table 3.13. The value of ‘Q” are much lower
than those obtained from Langmuir plots. The values of B.E.T. constant ‘A’
reflects the energy of interaction with the surface and are higher fon)d/eutral red
in comparison to )’Gluidine blue. "

Ru values predict the efficiency of the process. The Ry values calculated
for ,Zérystal violet, )d/eutral red and ?"oluidine blue at different temperatures, pH
and particle sizes of lignin for different concentration ranges of each dye are
given in Table 3.14. All the values are much lower than one, thus indicating
favorable adsorption in each case except for ’{L(rystal violet at pH 4.0 whe:e
the negative values indicate irreversible adsorption. Khattri (17) reported
adsorption of dyes on Sone sand with R, value of 0.07-0.12 for,Niethylene blue
and 0.08-0.13 for )Aalachite green. Karthikeyarf]{(:;) reported R_ values
between 0.219-0.746 for 2-14 mg/l of Zn ions in solution.

The effect on adsorption of increasing quantity of dye in solution has
been studied for all the three dyes. Results are given in Table 3.15 for Z{rystal
violet, /Njeutral red and /{' oluidine blue. All dyes indicate an increase in
adsorption with increase in the amount of dye added as shown in Fig. 3.53-
3.55, but the correspond‘ing ‘residual concentration also increases with an
inérease in the quantity of dye added (Figs. 3.56-3.58) and the % removal of
the dye shows a marked decline with an increase of quantity of dye (Figs.
3.59-3.61).

Many times salts are also present in waste waters. Hence the effect of

salt concentration on the sorption of a fixed concentration of these three dyes
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has also been studied. The plots of log K4 vs. log [NH'] of ,@lrystal violet, Neutral
red and Toluidine blue are linear (Figs. 3.62 — 3.64), with slopes 0.9232, -0.336
and -0.381‘} respectively. A slope value of 0.9232 in case of /éfrystal violet is
closer to 1.0 needed for ion exchange mechanism, suggesting that most of the
uptake of the /Gc'rystal violet dye takes place via ion exchange mechanism route.
The values for p?eutral red and ;oluidine blue indicate that the uptake of the

adsorbate does not take place via ion—exchange mechanism. The Iinear. plots

also indicate that the adsorption correlates with Freundlich adsorption isotherrh.

3.8.3 Surface Area

The specific surface area of the lignin has been calculated at various pH
values and particle sizes. The value of A,,; for il‘ oluidine blue was taken as
0.3 nm? (38). The values so obtained are given in Table 3.16. Values of specific
surface area increase with decrease in particle size, which is the normal
behavior observed with many other adsorbents. The values of surface area
calculated are dependent on the pH of the solution and increase with increase
in pH. These values are far less than reportéd by Jod! (10) (180 m?/g) from the
adsorption data of water vapor on cuoxam spruce lignin and more than
reported by Jindal (9) for the adsorption of Methylene blue on eucalyptus wood
lignin. The specific surface area values of the samples of Bentonite, Sepiolite,
Zeolite and Kaolin obtained by Methylene blue solution adsorption are 136,
118, 44 and 14.3 (m%g) respectively (8). Surface area of Kraft lignin used for
adsorption of Cu and Cd from aqueous solutions (22) was characterized to be

1260 m?/g.
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3.8.4 Desorption Studies
+

The desorption of érystal violet, J’?eutral red, and foluidine blue dyes
from the lignin surface has been studied using a number of mono, bi and tri-
valent cations. The data for the three dyes, given in Table 3.17 indicatef the
following order:

NH; >K">Na*
Al*>Ba?* > Na*

This indicates that the desorption process follows the lyotropic series of
ions. The desorption studies with different desorbing solutions also indicates
that only OWyes adsorbed could be desorbed. Thus, we
may conclude that desorption of lignin does not take place with the various
desorbing solutions used. Hence no further desorption experiments were

performed.

3.9 REGENERATION

Since thermal regeneration of adsorbent is likely to cause air pollution
problems and chemical regeneration will lead to increased water pollution, it is
not desirable to regenerate lignin in view of its low-cost and ease of availability,
provided ité disposal after use is easy and safe. The spent carbonaceous
adsorbent can be disposed of simply by burning: one option can be firing in a

steam boiler.
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Table 3.3 : Adsorption of Crystal violet on
at 30°C, at \arious pH.' ‘

L

M

§

lignin of 100 - 200 rhesh Size

81

pH
_ 4 | 6 | 7

Initial | Equilibrium | Adsorption | Equilibrium | Adsorption | Equilibrium | Adsorption
C()nC:l conc. : ~conc. ’ conc.

(mgt") | (mgl™) | (mgg™) | (mgl”) | (mgg™) | (mgl?) | (mg.g”)
100 2.00 9.80 320 | 968 5.55 9.45
200 | 654 19.35 505 | 1940 | 1000 | 19.00
400 | 1536 | 3846 7.38 39027 | 3660 | 36.34
600 | 21505 | 3849 | 3621 5638 | 7175 | 52.82
800 | 41180 | 3882 | 16499 | 6350 | 16590 | 63.41
1000 | 61141 | 3889 | 360.95 | 6390 | 31110 | 68.89
1200 | 81000 | 39.00 | 55167 | 6483 | 49728 | 70.27
1400 | 100750 | 3925 | 75020 | 6498 | 688.00 | 71.20
1600 | 120520 | 3948 | 948.00 | 6520 | 88410 | 71.60
1800 | 1403.40 | 30.66 | 114450 @ 6555 | 1080.80 | 72.00

2000 | 160150 | 3085 | 134330 | 6567 | 127840 | 72.16
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Table 3.4 : Adsorption of p/rystal violet on lignin of various particle sizes

82

at 30°C ,at pH 7.0.
- Mesh size
0-100 100 - 200 Above 200

Initial | Equilibrium | Adsorption | Equilibrium | Adsorption | Equilibrium | Adsorptic
conc. conc. o conc. conc.

(mg1™) | (mgt™) | (mg.g™) | (mg!™) | (mgg™) | (mgl) | (mgg™
100 | 900 | 910 | 555 | 945 | 555 | 945
200 | 1631 | 1837 | 1000 | 1900 | 1000 | 19.00
400 | 4750 | 3525 | 3660 | 3634 | 1216 | 3878
600 | 8428 | 5157 | 7175 | 5282 | 1791 | 58.21
800 | 189.24 | 6108 | 16590 | 6341 | 12936 | 67.06
1000 | 33065 | 6693 | 31110 | 6889 | 26611 | 7330
1200 | 50499 | 69.50 | 497.28 | 7027 | 46183 | 73.80
1400 | 70450 | 6955 | 68800 | 7120 | 660.30 | 737
1600 | 90422 | 69.58 | 88410 | 7160 | 857.50 | 7420
1800 | 110290 | 6971 | 1080.80 | 7200 | 1052.60 | 74.74
2000 | 130176 | 69.82 | 127840 | 7216 | 124455 | 7550
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Table 3.7 : Adsorption of Neutral red on lignin of various particle sizes at

30°C and pH 3.7.
| Mesh size
40 - 100 100 - 200 Above 200

Initial Equilibrium Adsorption | Equilibrium | Adsorption | Equilibrium | Adsorption
conc. conc. conc. conc.

(mgt™) | (mgt™) | (mgg™) | (mgt?) | (mgg™) | (mg!”) | (mgg™)
500 | 565 49.43 235 4976 708 | 4920
1000 | 5022 | 94.98 366 | 99.63 7.11 99.29
1250 | 10699 | 114.3 061 | 12404 | 789 | 12421
1500 | 257.84 | 12422 | 4323 | 14567 | 996 | 149.00
1750 | 417.33 | 13327 | 17098 | 157.90 | 33.02 | 171.70
2000 | 62395 | 13761 | 31428 | 16857 | 13503 | 186.5
2250 | 86876 | 13842 | 550.72 | 160.93 | 30922 | 194.08
2500 | 109063 | 14004 | 75141 | 17486 | 46029 | 203.97
2750 | 132378 | 14262 | 1080.96 | 18340 | 67494 | 207.51
3000 | 1555.94 | 14441 | 113976 | 18602 | 887.81 | 21122
3250 | 179127 | 14587 | 155020 | 18643 | 113001 | 2120
3500 | 1963.60 | 15363 | 163075 | 18692 | 134872 | 21513
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Table 3.10 : Adsorption of T}oluidine biue on lignin of various particle

sizes at 30°C and pH 7.0.
Mesh size
40 - 100 100 - 200 - Above 200
Initial | Equilibrium | Adsorption | Equilibrium | Adsorption | Equilibrium | Adsorption
conc. conc. conc. conc.

(mg™ | (mgt) | (mag™) | (mgt") | (mgg™ | (mgl?) | (mgg)
100 | 7.71 9.23 153 | 985 112 9.89
200 31.47 16.85 3.48 19.65 2.31 19.77
300 | 4747 | 2525 | 388 | 2061 | 360 | 2064
400 | 6336 | 3366 | 732 | 3027 | 543 | 3046
500 | 8041 | 4196 | 993 | 4901 7.11 49.29
600 | 16977 | 4302 | 11.85 | 5882 | 920 | 59.08
700 | 21263 | 4874 | 2276 | 6772 | 1114 | 6889

800 | 26098 | 539 | 4046 | 7595 | 1650 | 78.35
900 | 30687 | 5931 | 4698 | 853 | 1872 | 88.13
1000 | 33902 | 6610 | 6642 | 9339 | 3085 | 96.92
1500 | 54956 | 8614 | 157.80 | 13622 | 5631 | 14437
2000 | 103348 | 9665 | 45881 | 15412 | 12562 | 187.44

88




¢

h

Table 3.11: Heat of adsorption of ,C'rystal violet, Neutral red and
£ Joluidine blue at different adsorption levels.

Crystal violet Neutral red Toluidine blue
 pH7.0 pH 3.7 pH7.0
Adsorption | Heat of | Adsorption Heat of | Adsorption Heat of
adsorption adsorption adsorption
(mg.g~' |(Kcalmole™)| (mg.g™ |(Kcalmole)| (mg.g™ |(Kcal mole™)
lignin) lignin) lignin) :
25.00‘ -7.96 | 130.00 -2.83 80.00 -17.48
30.66 -14.28 137.50 -3.58 90.00 2025
35“.00 -16.11 140.00 -3.72 95.00 -20.41
40.06 -18.13 542.50 -3.99 100.00 -21.01
45.00 2358 145.00 -4.05 105.00 | -22.20
50.06 -29.17 147.50 -4.25 110.00 -23.67.
| 55.00 -33.‘37 150.00 | -4.47 115.00 -25.76
--; ;-- 152.50 -4;90 120.00 | ;28.15
125.00 -30.64 "
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Table312 Langmuir constants of £{rystal violet, p/eutral red and

oluidine blue at various temperatures, pH and particle sizes

of lignin.
b Q°
(mg") (mg.g”)
Crystal Neutral | Toluidine Crystal Neutral | Toluidine
violet red blue violet red blue
Temp. (°C) | -
20 0.02 002 | 424 106.4
25 002 | 008 | 003 | 610 | 1754 | 1282
30 003 | 005 | 003 | 741 | 1887 | 1613
35 - 0.05 — - | 1923 | -
40 008 | 005 | 005 | 833 | 1961 | 1786
pH |
3.7 - 0.05 — | 1887 | -
4 020 0.02 37.‘9’ 111.1
5 - 003 | 0.03 — | 2000 | 1124
6 008 | 002 | 002 | 662 | 2222 | 135.1
7 003 | 003 | 003 | 741 | 2326 | 1613
Particlesize‘ S - -
(mesh)
40-100 | 003 | 002 | 001 | 725 | 1515 | 109.9
100-200 | 003 | 005 | 003 | 741 | 1887 | 1613
Above200 | 0.05 | 0.06 | 004 | 763 217.4

2174
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Table 3.13 : B.E.T. constants of Ngutral red and /Téuidine blue at various
temperatures, pH and particle sizes of lignin.

A Q°
(mg) (mg.g™)
Neutral red | Toluidine blue | Neutral red | Toluidine blue
Temp. (°C)
20 — 61.3 54.4
25 3157 149.0 105.6 67.1
30 -899.0 99.0 123.6 101.0
35 -1924.0 129.9
40 -36999.0 62.0 135.1 80.6
pH | |
37 -899.0 1236 -
4 - 775 64.5
5 -409.0 149.0 122.2 67.1
6 -1099.0 150.0 130.0 66.7
7 127.7 99.0 130.6 101.0
Partii:ie size
(mesh)
40100 564.0 26.7 88.7 37.5
100200 |  -899.0 99.0 1236 101.0
Above 200 |  1151.0 32,5 144.8 153.8
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Table 3.14: R, values for the adsorption of Crystal violet, Neutral réd and
_Toluidine blue at various temperatures, pH and particle sizes

of lignin.
Crystal violet Neutral red Toluidine blue
Temp. (°C')v‘
20 0.358 to 0.027 0.299 to 0.021
25 0.036 to 0.028 | 0.023 to 0.003 | 0.263 to 0.017
30 | 0249 to 0.016 | 0.042 to 0.006 | 0.227 to 0.014
3% | 0 e 0.040 to 0.006 | —
40 0.108 to 0.006 | 0.042 to 0.006 | 0.169 to 0.010
pH o o
3.7 - 0.042 to 0.006 -
4 -0.052 to -0.003 0.310 to 0.002
5 0.060 to 0.001 | 0.250 to 0.017
6 10.108 10 0.006 | 0075 t0 0.011 | 0.310 to 0.022
7 0.249 10 0.016 | (070 to 0.011 | 0.227 to 0.014
5 0.131 to 0.008 - —
Particle sizé
(mesh)
40-100 | 0.267 to 0.018 | 0.088 to 0.013 | 0.654 to 0.086
100-200 | 0.249 to 0.016 | 0.042 to 0.006 | 0.227 to 0.014
Above 200 | 0.165 to 0.010 | 0.032 to 0.005 | 0.206 to 0.013
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Table 3.15: Adsorption of various amounts of L/rystal violet, ,béutral red

and Toluidine blue on lignin of 100 - 200 mesh size at 30°C.

Crystal violet Neutral red - ~ Toluidine blue
pH 7.0 pH 3.7 pH7.0
Amountof | Conc. | Amountof Conc. Amountof | Conc.
dye added adsorb?d dye added adsorb?d dye added adsorb<1ad
(mg) (mg.g”) (mg) (mg.g™) (mg) (mg.g™)
1.00 7.09 1.00 8.08 1.00 9.32
1.50 847 - 1.50 8.37 1.50 12.81
2.00 10.15 2.00 . 8.74 2.00 15.28 .
2.50 11.12 250 | 879 2.50 18.68
3.00 11.87 3.00 8.86 3.00 20.67
3.50 12.61 3.50 8.88 3.50 23.05
4.00 12.60 4.00 8.93 4.00 25.01
5.00 12.62 5.00 30.08
- - - 7.50 38.97

Conéentration of dye = 100 mg.I"; Time of contact= 1 h.

93

~EDN



P

Table 3.16 : Values of gpecific ?(Jﬁace area of lignin.

Particle size , pH Surface area

(mesh size) (m?g)
40-100 | 7.0 | 64.9
100-200 70 95.2

Above 200 70 128.5
100-200 | 60 | 79.9
100-200 50 66.3
100-200 40 65.6

Table 3.17 : Desorption of z{ystal violet, N{autral red and ]/oluidine blue
from the surface of lignin of 100 — 200 mesh size with various

1M electrolytes. |

Dye adsdrbed | _10.25 mg]g 16857 mglg ) 172.46 mglg
Crystal violet Neutralred | Toluidine blue

Electrolyte Dye |Removal|l Dye |Removal| Dye [Removal

removed | removed removed

(10 mi) (mg.g") | (%) | (ma.g™) | (%) | (mag™) | (%)
KC 007 | 072 | 165 | 098 | 120 | 075
NHCI | 010 | 095 | 177 | 105 | 166 | 096
NaCl 003 | 033 | 123 | 073 | 060 | 035
NaBr | 004 | 036 | 128 | 076 | 065 | 038
BaCl, 0.08 0.74 192 | 1.14 1.34 0.78
ANOs)s.9H,0| 107 | 1.04 | 245 | 145 | 190 | 1.10

Weight of lignin - dye complex taken = 0.1 g.
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Fig. 3.1: Adsorption of ¢rystal violet dye as a function of time.
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Fig. 3.2: Adsorption of p{eutral red dyé as a function of time.
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Fig. 3.3: Adsorption of;(oluidine blue dye as a function of time.
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Fig. 3.5: Log percent removal of )érystal violét, )'éeutral red and
/‘l‘oluidine blue dyes as a function of log time.
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Fig. 3.18: Langmuir plots of /¢rystal violet dye at various temperatures.
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Fig. 3.23: Langmuir plots of Toluidine blue dye at various pH.
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Fig. 3.27: B.E.T. plot of Toluidine blue dye at 20°C.
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Fig. 3.28: B.E.T. plot of ‘}'oluidine blue dye at 25°C.
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Fig. 3.29: B.E.T. plot of Toluidine blue dye at 30°C, pH 7.0 and
100-200 mesh size of lignin.
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Fig. 3.31: B.E.T. plot of Toluidine blue dye at pH 4.0.

3.5 -
3.0 -

2.5 -

g
o
. |

1.5 1

[C/(Cs-C)ae] x 10°

-
o
L

o
(3]
'l

0-0 . T - Ll - 1 ~ " - l 1
0 0.05 0.1 0.15 0.2 0.25
C/C,

Fig. 3.32: B.E.T. plot of foluidine blue dye at pH 5.0.
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Fig. 3.33: B.E.T. plot of ‘,l‘oluidine blue dye at pH 6.0.
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Fig, 3.34: B.E.T. plot of )‘oluidine blue dye at 40-100 mesh size of
lignin. £
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Fig. 3.37: B.E.T. plot of Neutral red dye at 30°C, pH 3.7 and
100-200 mesh size of lignin.

2.5 1
2.0 -
1.5 4

1.0 1

[C/(C-C)q.] x 10°

0.5 -

0.0
0

Y —————— — 1

006 01 015 02 025 03
CICs

Fig. 3.38: B.ET. plot of ﬁeutral red dye at 35°C.
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Fig. 3.39: B.E.T. plot of Neutral red dye at 40°C.
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Fig. 3.41: B.E.T. plot of Neutral red dye at pH__6.0.
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Fig. 3.44: B.E.T. plot of Neutral red dye at above 200 mesh size of
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Fig. 3.47: B.E.T. piot of Crystal violet dye at 30°C, pH 7.0 and
100-200 mesh size of lignin.
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Fig. 3.48: B.E.T. plot of ’Crystal violet dye at 40°C.
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Fig. 3.49: B.E.T. plot of érystal violet dye at pH 4.0.
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Fig. 3.50: B.E.T. plot o%rystal violet dye at pH 6.0.
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Fig. 3.51: B.E.T. plot of %’-rystal violet at 40-100 mesh size of lignin.
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Fig. 3.52: B.E.T. plot of ?rystal violet dye at above 200 mesh size
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Fig. 3. 53: Effect of [f_'rystal violet added on adsorption of dye.
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Fig. 3.54: Effect of/N/eutral red added on -adso'rption of dye.
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Fig. 3. 55: Effect of Toluidine blue added on adsorption of dye .
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Fig. 3.57: Effect of Neutral red added on the residual concentration
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Fig. 3.61: Effect of f'I"quidine blue added on % removal of dye.
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CHAPTER - 4
ADSORPTION KINETICS OF DYES ON LIGNIN

41 INTRODUCTION

Adsorption finds extensive applications in industry, laboratories and
various technical processes. It is an effective process for the removal of
dissolved organic substances from water and wastewaters. Successful
application of this technique demands adsorbents of knbwn kinetic parameters
and sorption characteristics. A prehand knowledge of optimal conditions would
herald a better design and modeling of the process. A thorough study of the

sorption kinetics reveals the mechanism of rate controlling step and in some

cases, sheds significant light on the internal physical structure of the adsorbent -

material.

Although there had been previous experimental studies of the rates of
ion-exchange reactions, Nachod and Wood/made the first attempt to start
systematic investigations on ion exchange. kinetics and elucidated the rate
controlling mechanism. @Schulze first introduced the concept of diffusion and
also pointed out that the rate-determining step in the exchange kinetics is the
inter- diffusion of counter ions.

It is desirable to have a quantitative understanding of the process to
evaluate the intemnal physical strucfure of the adsorbent material. In
detennining the nature of the rate-limiting step, several characteristics of

adsorbent, adsorbate and solution phase are of importance. These
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characteristics were derived from ion-exchange theory and have been
described by Helfferich (3) and Weber and Morris (27). These factors include
the particle size, amount of adsorbent, initial concentration of adsorbate,
degree of mixing, affinity of adsorbate for adsorbent and diffusion coefficient of
the solute molecule in bulk solution as well as within the pores of the adsorbent
material.

The ion exchange kinetics of simple metal cations has been studied by a
number of wo:I:ers and it is now wcll established that the rate-determining stcp
in the exchange sorption is the inter-diffusion of counter ions.- The rates of
exchange adsorption is controlled by diffusion either through a hydrostatic
boundary layer called “film diffusion control” or through the pores of the resin
matrix called “particle diffusion control” (3,16).

The rate of i’on:exchange adsorption is mainly controlled by film diffusion
under conditions of (a) small adsorbent particle size, (b) dilute adsorbate
solution, (c) mild/poor stirring and (d) high affinity for adsorbent. In contrast, it is
‘controlled by particle diffusion under conditions of (a) large adsorbent particle
size, (b) high adsorbate concentration, (¢) vigorous/good stirring and (d) low
adsorbate/adsorbent affinity. Otherwise both processes control it. Many
workers treai more of the cases as those involving both the film as well as the
particle diffusion mechan‘ism.

Lignin is now being used for wastewater treatment. A survey of literature
reveals that lignin exhibits sorption properties. Since we have studied the

sorption characteristics of lignin for the removal of the three cationic dyes

(Chapter 3), it becomes imperative to study the sorption rates of these dyes on
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lignin as a function of adsorbate concentration, temperature, pH and particle |
size of the adsorbént lignin.

The present work is an attempt to study the kinetics and mechanism of
the adéorption process with an aim to obtain information about the rate- 7
determining step of the process. The study hés been performed at different
temperatures, pH and particle sizes of the adsorbent using batch technique. -

This chapter describes the results of kinetic studies and value of
diffusion coefficients as well as some thermodynamic parameters which have
been evaluated to determine the mechani'stic aspects of the process. The
effective diffusion coefficients have been evaluated at three different
temperatures. The energy barriers against the diffusion of exchanging ions
have been estimated from the Arrhenius equation. Entropies of activation fgr

the sorption process have also been calculated.

42 MECHANISM OF SORPTION
It is necessary to( determine the step which controls the overall
mechanism of ,adsorption in order to determine the rate at which dissolv'ed'
organic substances are removed from dilute aqueous solutions by solid 7 -
adsorbents. There are essentially three consecutive steps in the adsorption of
organic material on porous adsorbent (3, 1‘6)‘. These are :
a) Transport of the adsorbate to the external surface of the
adsorbent, /)
b) Transport of the adsorbate within the pores of the adsorbent
(except for a small amount of adsorption that occurs on the

surface of th? adsorbent ), C pe

: ) },, VA
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c) Adsorption of the édsorbate on the interior surface of the

adsorbeht.

It is generally accepted that the process (c) is very rapid and does not
represent the rate-determining step in the uptake of organic co'mpodnds (2, 26).
For the remaining two steps, if, external transport is rapid as compared to the
internal transport, the rate of adsorption is governed by the step (b) i.e. particle
diffusion; while if the internal transport is more rapid than the external one, the
rate is governed by the step (a). In the latter case, the transport of adsorbate to
the boundary may not be possible at a significant rate, thereby leading to the
foimati'()n of a liquid film with a concentration gradient surrounding the sorbent
particle and the overall rate is gov_ernéd by the diffusion of adsorbate through
this film i.e. film diffusion. |

The kinetics of adsorption is important from the point of view of
controlling the process efficiency (23, 24). Different workers have used various
kinetic models. A number of methods have been devised to ﬁnd‘ouf the nature
of the rate-limiting step that depends on the characteristics of adsorbent
particle size, adsorbate concentration and the rate of mixing. Helfferich (3) and
others (1, 17, 26) have described these characteristics in detail.

The theories developed on the basis of ion:exchange phenomenon have
cqnveniently been used for the'sorption of dyes for determining the kinetic and

thermodynamic parameters of the sorption processes.

43 RATE EXPRESSIONS AND EVALUATION OF KINETIC AND
THERMODYNAMIC PARAMETERS
As the batch technique has been used; kinetic adsorption data obtained

in. this work were analyzed by applying the Reichenberg (20) and Helfferich
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mathematical models using equations (1) - (4) to distinguish between the film

diffusion and particle diffusion controlled rate processes.

6 & 1 -D t n? n?
F=1-5) 2exp[ — } ............ (1)
n=1
or
6 & 1 2
F=1_;2_nz=1: = exp[-n?Bt] L @)
where,
n = the number of exchanger particles, an integer that defines the infinite
series solution,
F = the fractional equilibrium that is reached at time ‘', obtained by the
. -
expression:
Q .
F== 3
a 3)
where,
Q = the amount of adsorbate taken up at time t,
Q, = the maximum uptake at equilibrium.
B = thetime constant, given by the expression:
2 D ‘
B = = L 4)
where,
Di = effective diffusion coefficient of the ingoing ions,

..,
1]

the radius of the spherical adsorbent particles.
The rate factor in the adsorption process is of recognized importance for
i
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the economic and industrial employment of adsorbents. Thus knowing the
value of ‘B’ and mean particle radius 'r’, the value of D;can be evaluated.

It can be seen from equation (2) that ‘F is a calculable mathematical
function of Bt and vice versa, an_d' depends only upon D;/ . In the proposed
work, Bt values (the product of multiplying B by time t) at different
tempefatufes, pH and particle sizes have been obtained for each observed
value of ‘F’, from Reichenberg'’s table (20). The linearity test of Bt vs. t plots has
been employed to distinguish between adsorption controlled by the particle and
film diffusion mechanisms. If a Bt vs. time plot is linear (slope = B) and passing
through the origin, then the adsorption rate is governed by diffusion in the
particle, otherwise it is governed by film diffusion. The e*périmental conditions
were set for particle diffusion as the sole rate-determining step to study the

thermodynamics of the sorption process.

The energy of activation ‘E,’ has been determined by applying the

Arrhenius type expression (16):
D =D, exp —E—‘L ............ (5)
VT BN TRT

The pre-exponential constant ‘D,’ (analogous to Arrhenius frequency

factor) gives the entropy of activation AS’ as (16):

D, = 272 % exp hs{*] ............ (6)
where,
k = Boltzman constant.
h = Planck constant.
R = gasconstant.
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Q
"

average distance between successive exchange sites

(conventionally takenas 5 A i.e. 5X 10 ®cmin lignin ).

—
fl

temperature (= 273 °K ).

44 RESULTS AND DISCUSSION
4.4.1 Adsorption Kihetics of Cationic Dyes

The adsorption kinetics data for F,{rystal violet, Neutral red and ,szluidine
blue at various concentrations of dyes, temperatures, particle sizes of lignin
and pH are given in Tables 4.1-4.7. The plots of F vs. t and Bt vs. t at various
concentrations of dyes, temperatures, particle sizes of lignin and pH of the

three cationic dyes, are shown in Figs. 4.1-4.24. Figs. 4.1-4.3 and 4.7-4.15

JESSSEIS

represent F vs. t and Figs. 4.4-4.6 and 4.16-4.24 represent Bt vs. t along with

the respective B values for the three dyes. McKay plots [log (1 - F) vs. t] for

4
sorption process of ﬁfrystal violet at various temperatures, particle sizes of

llgnm and pH are depicted in Figs. 4.25—4.27 and those for Neutral red and
T6Iu1d1ne blue are depicted in Figs. 4.28-4.30 and Figs. 4.31-4. 33 respectively.
‘Flg. 4.34 indicates a linear relationship between B and 1/ for the three dyes.
The linear plots of logarithm of effective diffusion coefficient (D;) and the
reciprocal of temperature y‘{K 1 for the sofptioh of /Cf.‘./rystal' violet,/Neutral red

and Aoluidine blue are shown in Fig. 4.35. Kinetics and thermodynamic

parameters of the diffusion process of the three dyes are listed in Tables 4.8

and 4.9.

C

n

Figs. 4.1-4.3 are the plots of F vs. t for érystal violet, Neutral red and
L
I(oluidine blue respectively at various concentrations of the dye solutions.

These curves indicate that the adsorption is quite fast at lower concentrations
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(100-500 mg/1) of the dye solutions and about 70-97% of the adSorption oceurs
within the first sixty minutes of contact. This initial rapid adsorption
subsequently leads to a slow approach to equilibrium. These curves further
indicate that the percent amount of dye adsorbed / removed during the first one
hour of contact decreases with increase in concentration of dye. The amount of
adsorption is found to be dependant on the initial adsorbate concentratior.

In all the three cases the corresponding Bt vs. t plots (Figs. 4.4-4.6) are
linear and passing through the origin at dye concentrations equal or above
800 mg/l for ;frystal violet and Feutral red and 750 mg/l for/%oluidine blue. But
these plots indicate that the sorption rate is dependant on the initial

-

concenfration of the dye. Non-linear behavior ‘curves are observed in dye
concentrations between 1 0(3t ~ 500 mg/i forc¢ry;al violet and Vp\fe_utral red and
between 100 -~ 600 mg/l for ;l'oluidine blue. This shows that sorption process is
film diffusion controlled at lower concentrations and is both, partially particle-
diffusion and partially film-diffusion controlled, at higher dye concentration i.e.
at and above 800 mg/i for t(irystal violet and gl\eutral red and for'}t“oluidine blue
at and above 750 mg/l. With the increase in initial dye concentration, the film
diffusion mechanism changes to the more dominant particle diffusion.

The increase in sorption rate with increase in temperature of the three
dyes (Figs. 4.7-4.9) further supports particie diffusion mechanism as the
dominant rate-controlling step (14, 20). Increase in mobility of Crystal violet,
Neutral red and Toluidine blue ions at higher temperatures results in the

ihi:reased sorption rate. Similar behavior has also been reported by

Karthikeyan et ‘al (8)and Mohan et al (16).
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The sorption rate is markedly dependent on particle size Qf the
adsorbent (Figs. 4.10-4.12). The rate of exchange is inversely proportional to
the particle size. |

| In the case of ,érystal \)iolet the sorption rate shows a marked
dependence on pH (Fig. 4.13). It increases significantly with increase in pH.
The sorption rate increases marginally with increase in pH for )q’eutral red
(Flg 4.14) but has been observed to be mdependent of pH of the adsorbate for
'Volundme blue (Fig. 4.15).
¢ "

The plots of Bt vs. t (Figs. 4.16—4.24) for Crystal violet, /N’eutral red and
Toluidine blue dyes are obtained by replacing F values by the corresponding
values of Bt. The plots of Bt vs. t at different temperatures, particle sizes anq
pH for the three dyes are straight lines passing through the origin, indicating
that the rate-determining step is diffusion through the particle. The ‘B’ values
are calculated from these plots. The plots of Bt vs. t (Figs. 4.19-4.21) show that
the rate of exchange is inversely proportional to the pérticle size. This clearly
indicates a diffusion controlled process and not cne controlled by chemical
interactions because in the latter case the exchange would be independent of
particle size. Similar results were observed by Swelam and Salem (22) during'
the study of kinetics of ion:exchange reactions of calcium / hydrogen ions in
mixed solvent (water-glycerol) media on KU, -20 (cation exchanger). |

The linear McKay plots [log (1 — F) vs. time] at various temperatures,
particle sizes and pH (Figs. 4.'25 — 4.33) for the three cationic dyes do not pass

through the origin. These deviations from origin indicate that pore diffusion is

not the only rate-controlling step. There may be some other process also

{
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controlling the rate, both of which maybe operating simultaneously. It indicates
that the predominant adsorption of dye contributing component is pore-diffusion
that may be being preceded by rapid external mass transfer. These McKay
plots do not depict the initial portion of the dye uptake (the instantaneous
adsorption stage) attributed to film diffusion because due to the rapidity of this
interdiffusion process, film diffusion could not be followed experimentally .The
depicted linear portion of the Mckay plot is the adsorption stage attributed to
pore diffusion. Hence the overall rate of exchange process comprises of two
components, one comresponding to the rapid _ﬁlm diffusién and a relatively
slower one corresponding to the linear portion of the MéKay plots i.e. pore
diffusion. This observation further confirms the observations of the 'F vs. time'
curves that indicate the rapid initial uptake is followed by a slower uptake of the
adsorbate with increasing time. This is in conformity with the earlier
observations of témperature effect on exchange diffusion coefficient (1).
Several workers (6, 10-13, 15, 21) have reported intra-particle diffusion-as one
of the (and not the sole) rate limiting steps in their study of kinetics of
adsorption of dyes on varidus adsorbents. Vasanth Kumar et al (25), in their
decolorization study onto carbonized agro-based waste found that the
predorﬁinant adsorption-contributing component was external mass transfér
followed by intra-particle diffusion. Kannan et al (7) have observed similar
results for the removal of mercury (II) ions by adsorption onto different
activated carbons.

The plots of diffusion rate constant 'B’ against 1/r° (Fig. 4.34) are linear
for all the three dyes. The linearity of the dependence also confirms that

diffusion within the particle is the step that controls the sorption rate.
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As the system tends towards equilibrium the film diffusion becomes less
significant and the particle diffusion process dominates rapidly. It may be
argued that the effective diffusion coefficient, D;, here is mainly comprised of
two Ezomponents, which is due to the simultaneous diffusion of the ingbing dye

ions through the pores of different mesh widths and different electric ﬁelds

along the diffusion path. The diffusion within the pores of wider mesh-widths
and weaker retarding forces of electrostatic interaction (particularly at the
surface of the sorbent) accounts for the faster component of D; and that within
the pores of narrower mesh widths and stronger retarding forces accounts for
the slower one. As the temperature increases, the contribution of the faster
component of D; increases (Fig. 4.35). It is because of the increasing mobility of
ingoing épecies at higher temperature that overcomes to some extent, the
influence of retarding forces acting on the diffusing adsorbate ions causing D; to
increase with the temperature. Although D; values are low, they are high
enough to cause adsorbate transport from bulk to solid phase. Mohan et al (16)
reported D, values of 2.35 x 107 m%s to 5.98 x 10" m%s for adsorption of
Cu(II) and 2.30 x 10" m?/s to 4.56 x 10™"* m?/s for adsorption of Cd(II) on lignin
at various temperatures. A perusal of data in Table 4.8 indicates that the values
of effective diffusion coefficient increase with increase in temperature in all the
cases. Diffusion coefficient values of all the three cationic dyes follow the same
trend in which these get adsorbed on lignin: D; value is higher for }ll oluidine blue
in comparison to yﬁeutral red and thaf of /éfystal violét is less than that of both.

This difference may be due to the spatial geometry of their molecular structure.

The planar triangular orientation of ﬂfrystal violet, in comparison to the linear
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structure of Toluidine blue and I)éeutral red may be causing greater hindrance in
its mobility within the pores of the adsorbent. Swelam et al (22) reported that
the value of D; increases with the‘ increase in temperature and are higher for
exchange in medium with higher dielectric constant.

The log D; vs. 1/ T plots drawn for the sorption of these dyes (Fig. 4.35)
is linear in nature. This permits use of the An‘henﬁus equation (Equation 5) for
the determination of D, and E, from the intercepts and slopes respectively of
the linear plots. D, values are further used to evaluate the entropy of activation
AS* (Equation 6) for the sorption of cations of ,brystal violet, N/eutral red and
Toluidine blue on lignin.

The values of D,, E, and AS* for the three dyes are listed in Table 4.9. It
can be seen from this table that | the higher activation energy value is
associated with the higher value of pre-exponential constant D, for all the dyes.
Similar behavior was observed by Mohan et al (16) who reported D, values of
3.77 x 10" and 4.35 x 10* m?s for Cu(ll) and Cd(II))respectively and E,
values of 9.84 [Cu (IT)] and 24.33 [Cd (II)] kJ/mole.

A comparison for the sorption of cations may be worthwhile in
determining the efficiency of the sorbgnw Wmvwﬂ
The values of effective diffusion coefficient observed in the present case are
comparable to those observed for the exchange or sovrption of surfactants Cetyl
pyridinium chloride (CPC) and Cety! trimethyl ammonium tribromide (CTAB) on
lignin (2) (of the order of 10 cm?sec’) and to those observed for the
exchange of sorption of Rb* and Cs” on chromium ferroyanide gel (as cited in

(2): of the order of 10®cm? sec). However, obtained values are higher as
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compared to those observed for the self-diffusion for alkali metal ions -in

analcite and for the exchange sorption of complex cations of Co(IlI) on

chromium ferrocyanide gel (as cited in (2): of the order of 10™ to 10% and 10"

12 cm? sec™. respectively). The observed values are also comparable to those
observed for the exchange of Rb* and Cs* on the H* form of tin and zirconium
antimonate (as cited in (2): of the order of 10 to 10° cm?/ sec.).

It can be concluded from Table 4.9 that the values of activation energy
(Ea) for ,é'rystal violet and/Tc/zluidine blue are similar and much higher in
comparison to that of Neutral red. For,Cffrysta,I violet, this may be attributed to its
trigonal spatial geometry that causes more steric hindrance to ite mobility
through the pores of sorbent material and thus needs more energy to undergo
diffusion. Swelam et al (22) reported that the E;, of the exchanging cations in
pure aqueous solutions is usually low as compared with the values obtained in
presence of increasing proportions of egc;erol and attributed it to the low
swelling of the resin particles in presence of organic solvents.

The entropy of activation AS* value has been calculated to be negative
for the sorption of l\feutral red and positive for the sorption of 'I/olmdlne blue and
Q,‘rystal violet. The negative value of AS* has been taken as indicative of a
comparatively higher degree of mobility and the lack of an orientational effect
which the ingoing ion exerts upon the water‘ environment. Further the negative
value of AS* also indicates that as a result of sorption of ,PZautral red no
significant change occurs in the internal structure of the sorbent material.
Several workers have observe? a negative value of AS* for various

sorption systems. Swelam et al observed AS* values in the range of =72.28 to
. A
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-91.43 J.%'mol™. Gupta (2) has observed AS* value as negative for the
sorption of CP" ion and positive for the sorption of relatively bigger CTA* ion.
Positive values of AS* have also been observed by several workers (2, 5, 9)
and also by Patel and Sudhakar (4) for the adsorption of anionic dyes on
aluminum treated corn cobs powder, by Karthikeyan et al (8) for the adsorption
of fluoride on activated alumina and Zn (II) onto chitosans, by Namasivayam et
al (18) for the adsorption of nitrate on activated carbon from coir pith and by
Mohan et al (16) for the adsorption'of Cu (1I) and Cd (Ii) on kraft lignin.

Positive value of AS* shows increased randomness at the solid~solution
interface during the adsorption of dye and indicate an increase in degree of
freedom during adsorption. As such a positive AS* value observed for?Zfrystal
violet and ",%‘oluidine blue sorption indicates a greater disorder produced in the
structure of the adsorbent as a result of the uptake of the dye cation .The
adsorbed water molecules, which are displaced by the adsorbate species, gain
more translation entropy than is lost by adsorbate molecules, thus allowing the
prevalc{el'lce of ‘randomneis in the system (19). The positive value associated
with érystal violet and ]‘oiuid»ine blue would thus be a reflection of their
respective restricted diffusion path‘;\and large orientation effect upon the water

environment.
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Table 4.1 : Adsorption kinetics data for the residual concentration of
e {crystal violet at 800 mg/l and pH 7.0 at various temperatures.

Temperature
25°C 30°C 35°C
Time RC Time RC Time RC
(min) (mgll) (min) (mgfl) (min) (mgfl)
20 710 20 666 35 768
60 675 40 616 60 399
90 647.5 60 579 80 364
120 633.5 80 546 100 318
150 620 110 495 130 296
170 600 140 450 160 252
220 584.5 200 396 190 222
250 570 260 348.5 225 142

Table 4.2 : Adsorption kinetics data for the residual concentration of
¢ ,nystal violet at 800 mg/l and pH 7.0 at various particle sizes of

lignin.
o Particle size (mesh size)

40-100 100-200 Above 200
Time | RC Time RC Time RC
(min) (mgl) (min) (mgfh) (min) (mgft)
30 682 20 666 10 550
60 610.5 40 616 20 450
90 605 60 579 30 369
120 594 80 546 60 244
150 561 110 495 90 180
180 514.5 140 450 120 112
210 | 468 200 396 180 58
270 - 456 260 348.5 270 31.5
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Table 4.3 : Adsorption kinetics data for the residual concentration of
)d’eutral red at 800 mg/l and pH 3.7 at various temperatures.

’ Temperature
30°C 35°C 40°C
Time RC Time | RC Tithe RC
(min) (mg/h) (min) | (mg/) (min) (mg/l)
20 | 630 | 20 554 30 476
40 564 | 40 | 462 | 45 420
60 488 | 65 393 | 60 364
90 430 85 35 | 75 318
120 | 384 | 105 | 308 | 105 257
150 336 140 247 | 130 204
180 206 | 170 | 211 | 160 162
220 260 | 200 1806 | 190 131
260 236 280 1274 | 250 81

Table 4.4 : Adsorption kinetics data for the residual concentration of
/léutral red at 800 mg/l and pH 3.7 at various particle sizes of

lignin.
- | Particle size (mesh size)
40-100 100-200 | Above 200
 Time RC | Time RC Time RC
(min) (mgfl) (min) (mg/l) (min) (mg/l)
30 | 618 20 630 | 30 | 477
40 | 588 | 40 564 | 45 | 417
60 552 60 | 48 | 60 | 375
80 516 90 430 90 315
100 486 | 120 384 120 264
130 456 150 336 150 226
190 408 | 180 296 180 189
230 369 | 220 260 220 153
260 354 260 236 260 135
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Table 4.5 : Adsorption kinetics data for the residual concentration of
oluidine blue at 750 mg/l and pH 7.0 at various temperatures.

Temperature
30°C 35°C 40°C

Time RC Time RC Time RC
(min) (mgfl) (min) (mg/l) (min) (mght)
30 470 20 502.5 20 274
45 440 40 286.2 40 150
60 368 65 180.3 60 107.5
75 342 85 148.8 80 65
9 | 315 105 99 105 37.5
105 1290 140 56.5 125 24
150 225 200 23.9 160 18.2
250 | 144 280 14 250 11

Table 4.6 : Adsorption kinetics data for the residual concentration of
oluidine blue at 750 mg/l and pH 7.0 at various particle sizes

of lignin.
' Particle size (mesh size)
40-100 100-200 Above 200
" Time | RC Time RC Time RC
(min) (mgll) - (min) (mg/l) (min) (mg/l)
30 580 30 470 30 288
50 516 45 440 45 2175
70 | 472 | 60 368 60 147
90 448 75 342 90 104
110 | 412 90 315 120 66
130 384 105 290 150 396
150 376 150 295 180 28
180 | 332 250 144 210 22
230 303 — -
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Table 4.7 : Adsorption kinetics data for the re%i&ual concentration of
Crystal violet, }Geutral red and foluidin’e blue at pH 5.0.

L

Crystal violet Neutral red Toluidine blue
(800 mgft) (800 mg/l) (750 mg/l)
Tme | RC Time RC | Time RC
(min) (mgfl) (min) (mgfl) (min) (mgfl)
30 765 20 592.8 30 510
60 748 40 496.6 45 468
95 715 60 450.6 60 405
140 672 | % 370 75 378
170 | 666 | 120 | 318 90 350
200 660 150 267 105 325
245 642 180 237 | 120 300
275 | 630 | 220 222 150 275

- - 240 208 180 240

Table 4.8 : Values of ¢ﬁective diffusion coefficient (D).

T |  DeiQlmesh
Crystal violet Neutral red Toluidine blue
25 3.0 -
30 8.4 11.1 15.6
35 16.5 17.4 44.4
40 . 21.9 62.7
Table 4.9 : Values of Dy and thermodynamic parameters.
Dye Do E. AS*
(cm?.sec™) (Kcal.mole™) (cal.deg’mole™)
Crystal violet |  1:3°10" 30.8 39.0
Neutral red 229 12.9 -19.3
Toluidine blue 2.8*10™ 30.8 406
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Temperature 35°C

1.2 1
1.0 -

0.8 -

—+— 100 mg/|

041 —e—600 mg/l
0.2 4 —=— 800 mg/l
’ —— 1000 mg/l
00 L T T T T - 1
0 50 100 150 200 250 300

t (min)

Fig. 4.1 : Plots of F vs.t at various concentrations of /C(rystal violet.

Temperature 30°C

-a— 100 mg/l

0.3 1 —— 500 mg/!

0.2 - —e— 800 mgll

0.1 x 1200 mg/l

0.0 : — . !
0 50 100 150 200 250 300

t (min)

Fig. 4. 2 : Plots of F vs.t at various concentrations of}{eutral red.
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Temperature 30°C

1.2 1

104

0.8 1

0.6 -

E A

0.4 - —— 500 mg/|
——750 mg/l

0.2 1 —+—100 mg/l
—o— 1200 mgl/|

00 T T T i o L ) 1

0 50 100 150 200

t (min)
Fig. 4.3 : Plots of F vs. t a/various concentrations of/ oluidine blue .
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—o—- 1000 mg/l

Bt 1.5 -

1.0 -

0.5 1

0.0

L o 1 1
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t (min)

L i

Fig. 4.4 : Plots of Bt vs. t at various concentrations of %rystal violet.
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Temperature 30°C
30 'T ﬁh\
. a

2.5 A " = 100 mg/l
x 500 mg/l
e 800 mgl/l
a 1200 mg/i

2.0 1
Bt

1.5 1

1.0 5
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0.0 -
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“Fig. 4.5 : Plots of Bt vs. t at various concentrations of/v/eutral red.

45 - Temperature 30°C
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354 . = 500 mg/l
3.0 1 a 750 mgh
2.5+ x 1200 mg
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2.0 1
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1.0 4
0.5 1
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Fig. 4.6 : Plots of Bt vs. t at various concentrations of foluidine blue.
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0.9 - Concentration 800 mg/l

—~-25C ¢
-=—30/C
+35/C 4
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Fig. 4.7 : Plots of F vs. t at various tempefatures of (f‘rystal violet'
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Fig. 4.8 : Plots of F vs. t at various temperatures@tral red./
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1.2 4 Concentration 750 mgl/l

0.0 — T . T r. =T 1
0 50 100 160 200 250 300
t (mn) . e
Fig. 4.9 : Plots of F vs. t at various temperatures 4Toluidine blue.
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0.2 4 —&—100-200 g,
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Fig. 4.10 : Plots of F vs. t at various particle sizes of lignin for
Urystal violet .
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Concentration 800 mg/|

0.8 - —

—— Above 200 /
~o-100-200
| ——40-100
04 — — — ——

0 50 100 150 200 250 300
t (min)

Fig. 4.11: Plots of F vs. t at various particle sizes of lignin for
- eutral red.

Concentration 750 mgl/|

1.2 -

1.0 -

0.8 1

F

0.6 1

0.4 - —o-100-200

021 —a—‘Abov.'e 200)

' —o—40-100 ,

00 - -7 T T —T .:I 3

0 50 100 . 150 200 250 300

t (min)
Fig. 4.12: Plots of F vs. t at various particle sizes of lignin for
oluidine blue.
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0.8 - Concentration 800 mg/l

0.7 A
0.6
0.5 -

~—-pH5
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Ll L LI 1
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t (min)

Fig. 4.13: Plots of F vs. t at various pH ¢f Crystal violet.

Conceniration 800 mg/l

F 04

024 / —+—pH3.7
0.1 - | ~—pH 5

0 ) 1 | N I B i B i R
0 50 100 150 200 250 300
| t(min)

Fig. 4.14 : Plots of F vs. t at various pH 6f Neutral red,
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Concentration 750 mg/|
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0.2 - ' —o—pH 5
0.1 1 —o—-pH7
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Fig. 4.15 ; Plots of F vs.t at various pH of Toluidine blue: )
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Fig. 4.16 : Plots of Bt vs. t at various temperatures of Crystal viole
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Concentration 800 mg/|
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Fig. 4.17 : Plots of Bt vs.t at various temperatures of Neutral red>
k_“_,‘ .. e
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t (min)

. ' T TR
Fig. 4.18 : Plots of Bt vs.t at various temperatures ©of Toluidine blue)
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‘L Concentration 800 mg/|
0.0 ~

-0.1
-0.2 -

-0.3 1

log (1-F)

-0.4 -

-0.5 1

-0.6 T T T T T 1
0 50 100 180 200 250 300

“t (min)

Fig. 4.27 . Mc*ay plots at various pH Qf (érystai violet,
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Fig. 4.28 : Mckay plots at various temperatures /Qf
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Fig. 4.29 : Mc‘léay plots at various particle sizes of lignin for
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Fig. 4.31: McKay plots at various temperatures (of Toluidine blue
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Fig. 4.32 : Mcl;}ay plots at varibus particle-sizes of lignin for d

oluidine blue.
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Concentration 750 mg/l
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Fig. 4.33 : Mc/k/ay plots at various pH of Toluidine blue.
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Fig. 4.34 : Plots of B vs.1/¢* for Crystal violet, Neutral red and
Toluidine blue.
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'Fig. 4.35: Plot of log D, vs. 1/T for }irystal violet, ,\leutral red and
/oluidine blue. '
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CHAPTER - 5
CONCLUSIONS

Large quantities of low cost adsorbents will increasingly be needed for
water treatment. Lignins are inexpensive; most are non-toxic and available in
large quantities as a waste. The preseni study demonstrates that lignin
obtained from Sarkanda black liquor serves as a value-added adsorbent (oyer
its fuel value) for the removal of dyes from water and waste water. The raw
material employed for the preparation of substrate is widely available and
inexpensive. The method of its preparation is very simple and the production
cost is low. Its cationic-dye binding capacity is appreciably high under suitable
experimental conditions, with comparable efficiency.

Following conclusions are drawn from the study:

51 ADSORPTION STUDIES
1. Results show that lignin can act as a good sorbent for the
removal of Crystal violet, Neutral red and Toluidine blue dyes. It is
possible to remove 22% of a 2 g/l solution of Crystal violet in |
4 hours, 35% of a 4.5 g/l solution of Neutral red in 8 hours and
95% of a 1 g/l solution of Toluidine blue in 2 hours from their
respective 1 litre solutions using 10 g of crude lignin in each case.
2. Adsorption of the dyes increasés with increase in temperature, pH

and decrease in particle size of lignin.
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Adsorption data of Crystal violet, Neufral red and Toluidine blue
dyes fits into the Langmuir model at various temperatures, pH,
and particle sizes of lignin.

The adsorption data also fits into B.E.T. equation for Toluidine

" blue and Neutral red (only at low concentration).

Desorption of the dyes with different electrolytes is very low (0.3—

1.4%). Thus, regeneration of the adsorbent is not feasible.

5.2 KINETIC STUDIES

1.

Adsorption kinetics data suggests that the rate-determining step

is diffusion through the particle. Sorption process is film diffusion

-controlied at lower concentrations and is both, partially particle-

diffusion and partially film-diffusion controlled, at higher dye
concentration i.e. at and above 800 mg/! for Crystal violet and
Neutral red and at and above 750 mg/l for Toluidine blue.

Diffusion coefficient values of all the three cationic dyes follow the

order in which these are adsorbed on lignin: Dj value is higher for

Toluidine blue in comparison to Neutral red and that of Crystal
violet is less than that of both.

The values of activation energy (Eg) for Crystal violet and
Toluidine blue are similar and much higher in comparison to that
of Neutral red.

The entropy of activation AS* value is negative for Neutral red

and positive for Toluidine blue and Crystal violet.

167



From the above laboratory investigations it can be concluded that the
biosorbent, Sarkanda lignin has good potential as an adsorbent for the removal
of Crystal violet, Neutral red and Toluidine blue from water / waste water. It acts
as a good scavenger of basic dyestuff and the capacity of this compound is

quite significant for all the dyes.
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