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INTRODUCTION: Recently, water pollution is a 
serious problem due to the heavy metals that threaten 
human health and environmental value. Methods of 
minimizing heavy metal concentrations in surface 
waters and waste water are therefore crucial for envi-
ronmental safety. The result of human activity leads to 
facing serious threats of air land and water pollution. 
Water pollution has raised severe environmental im-
pact. In addition to the deficiency of the resources of 
water due to drought and misuse, the production of 
large volume of waste water has put a lot of pressure 
on the humankind. A variety of industries are respon-
sible for the release of heavy metal into the environ-
ment through their waste water i.e. steel industry, the 
non-ferrous industry, mining mineral processing etc 
(Sarkanen et al., 1971). 

Also, many industries are operated at small medium 
and generate a considerable pollution load as they 
have no facilities for waste water treatment. Heavy 
metals are elements having atomic weight between 
63.5 to 200.6 and a specific gravity greater than 5. 
Heavy metals can stance health post risks if their con-
centration exceeds tolerable limits. The main threats 
to human health from heavy metals includes (Cd, Pb, 
Cu, Zn, Ni, Cr, As, Fe etc.) may damage central nerv-

ous function, the cardiovascular and gastrointestinal 
system, lungs, kidney, endocrine glands, and bones. 
These metals have been widely studied and their ef-
fects on human health regularly reviewed by interna-
tional bodies such as the WHO. According to the 
World Health Organization almost 1 billion people do 
not have access to clean drinking water, and that 
number is predictable to rise with climate change. 
Meanwhile, our endlessly rising energy necessities 
and use of heavy metals in industrial processes have 
maximized our exposure to toxic materials in water. 
Industrial activities and mining operation have ex-
posed man to the toxic effects of metals. Heavy metals 
are reported to inhibit nitrification and denitrification 
process which harmfully affecting biological waste 
water treatment and reduced microbial oxidation of 
organic compounds. The toxicity of heavy metals in 
waste water rest on the factors like metal species con-
centration, pH, Sludge concentration and solubility of 
the metal ions (Bhattacharya et al., 2006). 

Removal of Heavy Metals by Agricultural Wastes: 
Several agricultural wastes such as wool, rice, straw, 
coconut husks, peat moss, exhausted coffee (Orhan et 
al.,1993 ) waste tea (Ahluwalia et al., 2005) rice hulls 
(Ajmal et al., 2003) cork biomass (Chubar et al., 
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2003) seeds of Ocimumbasilicus (Melo et al., 2004) 
coconut shells (Babel et al., 2004) soybean hulls and 
cotton seed hulls saw dust of walnut (Bulut et al., 
2003) untreated coffee dust (Oliveira et al., 2008) 
papaya wood (Saeed et al., 2005) peanut hulls (John-
son et al., 2002) citrus peel were recycled as sorbents 
for metal removal. However, sea weeds, molds, 
yeasts, bacteria have been tested for metal biosorption 
with positive results (Ahluwalia et al., 2007; Mane et 
al., 2011; Moustafa et al., 2003) Table 1 shows vari-
ous agricultural sorbents and their removed (Wu et al., 
2004; Kumar et al., 2006; Malkoc et al., 2005; Mal-
koc et al., 2007; Ozer A et al., 2004; Villaescusa et al., 
2004). The parameters which have been studied for 
improving the use of adsorbent in wastewater treat-
ment include nature of adsorbent and adsorbate, metal 
concentration, contact time, temperature, kinetics of 
adsorption, adsorption isotherm and pH of the 
aqueous solution have revised the literature on lignin 
as a bio-sorbent. Srivastava et al.1994 reported an 
extreme adsorption capacity of 8.2–9.0 mg/g for Pb 
(II) and 6.7–7.5 mg/g for Cd (II) on lignin from beech 
and poplar wood improved by alkaline glycerol delig-
nification. From the above data and the review by we 
find that there are significant transformations in the 
metal sorption capabilities of different types of lignin. 
Also, the related mechanisms of metal sorption 
through lignin are still matter to deliberation. Some 
studies have found that ion-exchange mechanisms 
may be responsible for the sorption of metal ions on 
lignin (Wiltowski et al., 1997; Crist et al., 2004; Mar-
tin et al., 2002) .Most of these wastes were used with-
out chemical variation. Thus they indicate poor metal 
removal in addition to their non-metal selectivity. 
Current commercial processes to remove heavy metals 
including lead, mercury, iron etc, from community 
drinking water tend to be high and energy-consuming, 
without being necessarily efficient (Table 1). Less 
conventional methods for be more efficient, but are 
single-use, difficult to regenerate, or produce impor-
tant toxic waste as a side-product. 

Low Cost Adsorbents: There are numerous nearby 
existing materials that can be recycled for the elimina-
tion of heavy metals. Low cost adsorbents such as 
natural materials, agricultural wastes, modified biopo-
lymers, or industrial by-products are initiate to be 
more positive in heavy metal removal (Atkinson et al., 
1998; Lalvani et al., 1997). Recently, research for the 
removal of heavy metals from industrial waste has 
been absorbed on the use of agricultural by-products 
as adsorbents over biosorption process. Additionally, 
biopolymers possess a number of altered functional 
groups, such as hydroxyls and amines, which surge 

the efficiency of metal ion uptake. The source of the 
biomass must be taken into account while selecting 
the biomass for metal removal. Classic biosorbents 
can be derived from three sources such as microbial 
biomass, e.g. bacteria, fungi, and yeast (Crist et al., 
2004), algal biomass, non-living biomass such as 
bark, lignin, shrimp, krill, squid, crab shell, etc. and 
gricultural products (Demirbas et al., 2004). 

Lignin as Adsorbent: Biopolymers or renewable 
polymers such as cellulose, lignin, starch, pectin and 
chitin are the abundantly available polymers in envi-
ronment in the form of plant biomass or other biologi-
cal sources. Serious studies have been therefore ac-
cepted to develop more effective and low-cost metal 
adsorbents. Materials include industrial or agricultural 
waste products such as unwanted slurry fly ash (Gupta 
et al., 1999; Wang et al., 2004) lignite (Mohan et al., 
2006) pine bark (Al-Asheh et al., 1997; Goheen et al., 
1978) peat (McKay et al., 1997) have studied the 
presentation of low-cost adsorbents for heavy metal 
removal from polluted waters and analyzed for many 
years and still continues (Gabaldon et al., 1996; Ka-
dirvelu et al., 2000). Quiet, there are experiments to 
cultivate new organizations or improved processes for 
well-organized economic utilization as well as trans-
formation of these biopolymers. Lignin sulfonation is 
the most deliberate reaction in lignin chemistry since 
it was the initial and cheapest way to make commodi-
ty (Suhas et al., 2010). The lignosulfonates are the 
most extensively used lignin product in industries for 
well drilling; cement manufacture, formulation, and 
pouring; ceramics manufacturing; and construction 
materials. Both lignins and lignosulfonates are used to 
organize oil (Rogers et al 1963; King et al., 1960; 
Morton et al., 1996). In a biodegradation study, the 
particular lignocellulosics illustrate highest lignin 
content in coir pith (37%) followed by P. juliflora 
(23%) and L. camara (22%). Though, Oscillatoriaan-
nae treated lignocellulosics confirm maximum reduc-
tion of lignin content in L. camara (18.2%) followed 
by P. juliflora (17.4%) and coir pith (16.9%) after 30 
days of incubation was re-evaluate the literature on 
lignin as a biosorbent.  Srivastava ., 1994; ) obtained 
extremely high uptake of Pb(II) and Zn(II), up to 1587 
and 73 mg/g for Pb(II) and Zn(II), respectively, by 
using lignin extracted from black liquor. Demirbas et 
al., 2004) reported a maximum adsorption compe-
tence of 8.2–9.0 mg/g for Pb(II) and 6.7–7.5 mg/g for 
Cd(II) on lignin from beech and poplar wood persona-
lized by alkaline glycerol delignification (Moreno-
Castilla et al., 2004). From the above data and the 
review we find that there are significant variations in 
the metal sorption capability of different types of lig-
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nin. Also, the interconnected mechanisms of metal 
sorption by lignin are still subject to debate. Several 
studies have originate that ion-exchange mechanisms 
may be accountable for the sorption of metal ions on 
lignin (Crist et al., 2003). Mohan et al., 2006 sug-
gested that no single mechanism could explain the 

Zn(II), respectively, by using lignin extracted from 
black liquor reported a maximum adsorption capacity 
of 8.2–9.0 mg/g for Pb(II) and 6.7–7.5 mg/g for Cd(II) 
on lignin from beech and poplar wood modified by 
alkaline glycerol delignification (Oubagaranadin et al 
, 2009).  

Table 1: Different techniques commonly used for removal of heavy metal from aqueous environment. 
Sr. 
no. Experiment Adsorbent Adsorbate Conclusion/Result Reference 

1 Biopolymer 
adsorption Chitosan 

Cd, Cu, Pb, 
U, Hg and 

Cr 

Chitosan is a renewable polymer and 
has the potential for creating greener 

environment. It has attractive properties 
like natural decomposition, non-toxic 
to both environment and humans with 

no side-effects or allergic effects if 
implanted in the body. 

(Bailey et al.,  1999;  
Pavlidou et al., 2008) 

 

2 Adsorption 

Activated 
carbon 

Clay Surface 
Calcite 
Coffee 

Egg shells 
Rice straw 

Pb 
Pb2+ 

Pb, Cu, Hg, 
Cd, 
Pb2+ 

Zn, Mn2+
 

Adsorption is a good tool for control-
ling the level of aqueous Pb pollution. 

The utilization of low cost adsorbents is 
helpful as it is simple effective and 

economical. 

(Rether et al., 2003; 
(Schneider  et 

al.,1999) 

3 Biosorption 

Syzygium-
cuminiL. 
(jamun) 

Tridaxpro-
cumbens 

(Asteraceae) 

Pb2+ 
Pb2+ 

Natural adsorbents are cheaper and 
environmentally safe, low cost adsor-
bents for treatment of polluted water 

from heavy metals 

(Walsh et al.,1994) 

4 

Biological 
adsorption 
methods by 
microalgae 

M. spicatum 
P.lucens 

S.herzegoi 
E. crassipes 

Pb, Zn, Cu 
Pb, Zn, Cu 
Pb, Zn, Cu 

Microalgae are used in bioremediation 
of metal contaminated sites due to their 

ability to tolerate heavy metals, their 
high yield of recovery per unit mass 

and their high specific outer area 
coupled with a cell wall loaded with 

ionisable groups. 

(Wang et al.,1996) 

6 

Complexa-
tion-

ultrafiltration 
techniques 

Carboxyme-
thyl cellulose 

(CMC) 

 
Cu(II), 

Ni(II) and 
Cr(III) 

 

The use of water soluble metal binding 
polymers in combination with ultrafil-
tration is a hybrid approach to concen-
trate selectively and to recover valuable 
elements as heavy metals. The advan-
tage of this process is high separation 
selectivity due to the use of a selective 
binding and low energy requirements. 

(Wang et al.,2005; 
Xing et al., 2007) 

7 
Electrochem-

ical tech-
niques 

Titanium as 
working 
electrode 

Pb(II, 
Ni(II), 
Cr(II), 
Cd(II), 
Hg(II) 

Titanium as a working electrode is 
stable, energy efficient and involves 
control and minimization of environ-
mental pollution through remediation 
of toxic metal ions from aqueous solu-

tion. 

 
(Kobya et al.,2005) 

8 Ion Exchange 
method 

Cation Ex-
change resins 

macro-
porous AM-
BEREJET 
1200 Na 

Ni(II), 
Pb(II) 

Ion exchange is a mass transfer 
process. There are two main rate-

determining steps which are considered 
in most of the ion exchange reactions. 

 
(Zhao et al.,2010; 11) 
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Now, heavy metals are the most serious pollutants, 
flattering an tremendous public health problem. 
Processes such as chemical precipitation, solvent ex-
traction, ion exchange, reverse osmosis or adsorption 
are frequently conceded for removing heavy metals. 
Among these processes, the adsorption process is a 
simple and effective technique for the removal of 
heavy metals from wastewater. (Lalvani et al., 1997). 
Various chemical used for conversion of rice husk 
such as Hydrochloric acid ((Rahman & Ismail et al., 
1993, Bandyopadhyay et al., 2006), sodium hydroxide 
(Guo et al., 2011). However, has found that adsorption 
of Cd raised twice when rice husk was treated with 
NaOH. The order of maximum removal of the poten-
tial to bind with heavy metal ions. The maximum 
adsorption capacity of Ni2+ ions was found to be 10.47 
mg/g above three metals follows: Cd(II) >Pb(II) > 
Cu(II). So, So, we have chosen red toon tree and ex-
tract the lignin as a bio-polymer  and functionalizes it 
with sulfur which has been successfully prepared for 
the adsorption of Fe(III) with maximum adsorption 
capacity as compared to the previous literature. 
 
MATERIAL AND METHODS: Lignin, chloroace-
tylchloride, pyridine, Dimethyl-formamid (DMF), 
dimethylsulfoxide (DMSO), Thiourea, Sodium hy-
droxide (NaOH), Colouring reagent and all other rea-
gent used in this study, were of analytical grade and 
the weights were taken on weighing machine having 
minimum readability of 0.01mg. 

Synthesis Chloroacetylation of Lignin: Lignin was 
dissolved in Licl /DMF homogenous system in 1:5 
equivalent molar ratio. The solution was then cooled 
down to 0-8℃ temperature, dropping funnel, magnet-
ic stirrer and thermometer was added to the flask as an 
acid acceptor. N,N dimethylformamide solution con-
taining  chloroacetyl chloride was then added drop-
wise and then stirring (Babel et al., 2004).The reac-
tion mixture was cooled then to for 8 hour and subse-
quently the solution was poured into 200ml of cold 
2M aqueous HCl to precipitate the product. The preci-
pitated product was filtered and washed several time 
with cold distilled water. It was filtered by the repre-
cipitation using DMSO as solvent and cold distilled 
water as precipitant and then dried under electrical 
oven at 40-500 0C temperature. 

Thiolation of lignin: The above synthesized chlori-
nated lignin was reacted with thiourea in a 1:5 equiva-
lent molar ratio in a two necked flask equipped. The 
mixture stirred for 6 hours at 50 C̊. The mixture ho-
mogenous after 30 minute and additional heating en-
sured completion of the reaction. The solution mixture 
i.e. (thiouronium salt) was immersed in 0.2 M NaOH 

aqueous solution at 40 C̊ for 2 hours. The solid prod-
uct was separated by filtration and washed minimum 3 
times with dilute HCl and distilled water until pH of 
the solution was neutral. The product 50-55 C̊ for use.  

OH

OH

+ Cl
Cl

O

OHOCH3CH3O CH3O

O2CCH2Cl

OCH3

Lignin Unit Chloroacetylated LigninChloroacetyl Chloride

6h,0-5 oC

Scheme 1: Chloroacetylation reaction of lignin. 
O2CCH2Cl

+

NH2 NH2

SOCH3CH3O

OH

OH

O2CCH2S
NH2

NH2

OCH3CH3O OH
OCH3CH3O

Chloroacetylated lignin

Thiourea

Isothiouronium Ion

6h,50 oC

0.2M NaOH,2h
          

O2CCH2SH

Thiol Lignin

   

  +

  Scheme 2: Thiolation reaction of lignin. 

Sulfonation of lignin: Chlorinated lignin solution was 
added slowly to boiling mixture of Na2S (1:5 molar 
equivalent ratio) in 25.0 ml ethanol and refluxed for 6 
hours at 50 C̊ under stirring. The separated solid was 
product filtered and washed 4 time, separately, with 
each of 5% NaOH, water and acetone. The product 
was dried at 50 C̊.  

CH3

OHCH3O OCH3

O2CCH2Cl

+ Na2S
6h,50O C

CH3

OH

O2CCH2S

OCH3CH3O

Chloracetylated lignin Lignin sulfide

R

Scheme 3: Sulfonation reaction of lignin. 

Analytical Determination: The synthesized product 
were characterized for the assessment of chloride and 
sulphur atom content by iodometric titration. The 
chlorine content atom content was calculated by the 
following equation (1) 
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= ݈ܥ% ଷହ.ହ
ଶ

× (ିబ)×ଵషయ×.ଵ
ௐ

× 100….. (1) 

Where, VCl is the volume consumed during sodium 
thiosulfate titration for chloroacetyl lignin, V0 is the 
volume consumed by non-chlorinated lignin during 
sodium thiosulfate titration and WCl is the weight chlo-
rinated lignin.  

The sulphur atom content was calculated by following 
equation (2) 

% ܵ = (భ×భ)×ଷଷ.×ଵ
ௐ ×ଵ

....... (2) 

Where, V1 is the volume pf sodium thiosulfate solu-
tion use for thiolation, N1 is the normality of sodium 
thiosulfate, W is the weight of thiolated lignin. 

The degree of substitution is the average number of 
hydroxyl group that have been substituted in one an-
hydrous glucose unit of lignin. The DS is the parame-
ter that indicates the molar % of new atom or group 
introduced in to monomer unit of the synthesized per-
cent (Otto, 1994). 

The DS of chlorinated lignin derivative was calculated 
by following equation (3) 

DS = ଵଶ × %
(×ଵ) ି (ିଵ) %

 ……. (3) 

Where %Cl is the percentage of chlorine,162 is the 
molar weight of the anhydrous glucose repeating unit, 
B is the atomic weight of chlorine, C is the molecular 
weight of the ester substituent (-COCH2Cl)-1 76.5, 
and %Cl is the chloride percent. 

Characterization Techniques: In analytical estima-
tion, Iodometric titration confirmed the content of 
chlorine atom 60.21% for lignin. Moreover, Iodome-
tric also used for determined the content of thiol atom 
and sulfur atom is 47.93% and 20.84% respectively.  

Table 2: The percentage yield result for chlorine 
and sulfur atom content. 

Polymer %Yield DS 
Chlorinated lignin 70 0.75 
Thiolated lignin 44 2.1 

Sulfonated lignin 33 0.87 

Characterization by FTIR: The FTIR (Fourier-
transform infrared spectroscopy) spectrum of Lignin 
shows broad peaks at 324 cm-1 and 2777 cm-1 due to 
─OH and ─CH stretching vibrations respectively 
(figure 1). The absorption band at 1157 cm-1 and 1080 
cm-1 are due to ─CO stretching. However, those 
around to 1000 cm-1 like 1019 cm-1 888.634 per cm 
belongs to ─C─OH bonding, ─C─C stretching and 

─CH2 respectively. The modifications of the chlori-
nated Lignin was supported by the appearance of an 
additional peak arises at 1726.98 cm-1  due to the 
─C═O stretching of ester linkage (figure 2) in the 
chloroacetylated group attached in the chloroacety-
lated Lignin (Fengel et al., 1989; Fengel et al., 2011). 
The increase in intensity of the ─C─CH symmetrical 
and asymmetrical bonding and decrease in the broa-
dening of the ─OH stretching with increase in its wa-
velength to some extent, from 3343 cm-1 to 3155 cm-1, 
i.e chloroacetylated Lignin. This provides an addition-
al evidence to confirm the acetyl chloride group, i.e 
─COCH2Cl and hence functions as Lignin’s back-
bone. The small peak at 2492 cm-1  and 2803 cm-1   
arises due to ─SH and ─S stretching confirms the 
conversion the chloroacetylated Lignin  into thiolated  
and sulfonated Lignin (figure 3 and 4) (Rahul et al., 
2017). The detection of ─SH group i.e. thiol group is 
almost impossible or we can say that it is difficult to 
detect, because of its weak signal and poor extent of 
thiol incorporation into a macromolecular formation 
(Kalpana et al., 2016). From this, we also conclude 
the extent of modification in the Lignin infrastructure 
resulted in an increment in the absorption intensity 
due to ─CS stretching between 1225 cm-1 to 1423 cm-

1 which accounted for the successful modification of 
Lignin. In addition to this, the peak at 1335 cm-1 can 
be seen, due to ─CH3. 

 

Figure 1: FTIR spectrum of Pure lignin. 

 
Figure 2:  FTIR spectrum of Chlorinated lignin. 
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Figure 3: FTIR spectrum of Thiolated lignin. 

 
Figure 4: FTIR spectrum of Sulfonated lignin. 

SEM Analysis: From the figure, we have here Lignin 
is raw , i.e. untreated and in pure form and is some-
what  grannual cyclindrical, with minute outgrowths 
in shape having magnification of 1000X to 10µm. 
Followed by the second step, is chloroacetylation of 
Lignin occurs, where raw lignin is converted into 
chloroacetylated lignin. Due to the reaction, cyclin-
drical lignin turns into distorted form i.e dissociates 
into smaller fragments of the corresponding material 
as shown in figures 5(a, b, c and d) having magnifica-
tion 6500X to 10µm.  

 
Figure 5: (a) Pure lignin (b) Chlorinated lignin (c) 

Thiolated lignin and (d) Sulfonated lignin. 

Third step involves the thiolation of lignin which to 
smooth structure and a kind of powdery mass with 
unsymmetrical outgrowth came with thiol group mod-
ification which may be due to weak inter and intra 
hydrogen bonding. Thereby, formation of thiolated 
lignin, having outgrowths on its surface, as detected 
by SEM analysis to magnification 5000X to 20µm 
5(c). In addition to this, there are also some indepen-
dent  outgrowths can be visualized in thiol structure , 
attributed to high extent of derivatisation i.e chloroa-
cetylated and thiolated complex of lignin and due to 
this, the complex nature of the lignin molecule com-
prises of inter and intra molecular H-bonding. Last 
step involves, surface modification of sulphur lignin. 
The sulfide lignin shows porous structure with large 
magnification of 6500X to 10µm enables us to deter-
mine the uniform structure formation in figure 5(d)  
(Kalpana et al., 2015) .With the mentioned evidences, 
we find out that there are minute pores on the surface 
modification analysis of lignin.  

Characterization by EDX: EDX results suggested 
60.21% of chlorine atoms in chloroacetylated lignin, 
supported the modification of lignin in figure 6(a). 
The same evidence could be obtained from the direct 
correlation molar ratio of carbon and oxygen in the 
complex derivatives of lignin. EDX results confirm 
the presence of C and O molecule in the correspond-
ing lignin derivative. The chloroacetylated lignin had 
an increased C/O ratio due to addition of two carbon. 
In further step, EDX data supported high percentage 
of sulphur i.e 47.48 % figure 6(c).  However, sulphur 
content decreased from thiol derivatives to sulfonium 
structure. The 20.74% decrease in sulphur percentage 
was due to addition of more than two ethyl units in 
sulphide lignin figure 6(d) of atomic percentage for 
sulphur lignin derivative (Prem et al., 2016). Also 
decrease in C/H ratio shows a lignin shows for EDX 
characterization as shown in figure 6. 

Binding Interaction Analysis: 
Concentration, pH and Time Parameters: Concentra-
tion and time parameters had been observed by pre-
paring different concentration in ppm from 10-
100ppm corresponds with the 8h time period. The 
adsorption capacities on Fe-(III) by lignin and its de-
rivatives were 40%, 95% & 84% at 10 ppm, 50ppm 
and 100ppm along with time period of 8h had been 
observed. At 100 ppm Fe-(III) concentration in solu-
tion is calculated with the % uptake of 95% for Fe(III) 
after 8h (figure 7). The maximum uptake of Fe-(III) 
with concentration may be due to the availability of 
more quaternary sites on the surface of anionic ex-
changer in general and increase the concentration of 
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salt solution causes decrease in hydrophilicity of the 
adsorbent which increase the saturation for better 
adsorbent with concentration. 

 
Figure 6:  (a) Pure lignin (b) Chlorinated lignin (c) 

Thiolated lignin (d) Sulfonated lignin. 

 
Figure 7: Percentage uptake of Iron with Time. 

pH had been observed by preparing different concen-
tration in ppm from 10-100ppm corresponds with 8h 
time period. The adsorption capacities on Fe-(III) by 
pectin and its derivatives were 65%, 96% & 85% at 
10 ppm, 50ppm and 100ppm along with time period 
of 8 h had been observed. The pH of the solution was 
maintained at different pH (1-9) upto 100 ppm con-
centration it is visible that Fe-(III) adsorption capacity 
increase as the pH decrease and adsorption was found 
maximum in the pH range of 2.0 (figure 8).         

 
Figure 8:  Percentage Uptake Results of Iron with 
(a), Chlorinated lignin (CL) (b) Thiolated lignin 

(TL) and (c) Sulfonated Lignin( SL). 

Characterisation by SEM: The morphology of the 
adsorbent was characterised by using SEM technique. 
It is clear from Figure 9 (a), the thiolated lignin have 
less outgrowth on the surface but after adsorption with  
Fe(III) is binded with -SH group  and more outgrowth  
on the surface (Zang et al., 2003) in figure 9 (c), su-
fide-lignin had smooth surface but after adsorption on 
it showed outergrowth in figure 9(d). 

 
Figure 9: SEM Images (a) Thiolaed- lignin (b) Sul-
fide-lignin (c) Fe(III)-Thiolated lignin (d) Fe(III)-

Sulfide lignin. 

Characterisation by EDX: The EDX analysis of Thi-
olated lignin showed C(24.01), N(10.62), O(45.51) 
and S(20.87)., But after adsorption on Fe(III) the 
weight % of C(24.70), O(29.43), S(5.24) and 
Fe(40.62) showed in figure 9. The binding ratio is 
clearly shown in figure 10 in which active site binded 
with sulphur and complete interference of iron is 
shown. This weight percentage removal of iron 
showed thiolated lignin is effiencient adsorbent for 
maximum adsorption which is also has been proved 
through idomrtic and precipitation titrations in the 
previous study (kalpana et al., 2017). 

 
Figure 10: EDX Spectra for Fe(III) Thiolated- lig-

nin. 
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CONCLUSION: Lignin acetylation was taken in a 
DMF/LiCl homogeneous solution. Synthesized Lignin 
was then treated with thiourea to generate thiol groups 
under conventional heating method. Thiourea works 
as good organic nucleophile which displaces the chlo-
ride ion through a nucleophilic substitution reaction. 
Chloride ion is common leaving group in nucleophilic 
substitution reactions, to introduce thiourea into chlo-
rinated lignin. As the reaction proceeds involves also 
an intermediate i.e isothiouronium ion as the sulphur 
is an efficient nucleophilic centre in various protic 
solvents. The thiol yield was improved by microwave 
assisted synthesis up to 85-90 % with the comparison 
to the previous literature. The thiolated lignin synthe-
sized via heating process had 40.5%-10.25% of sul-
phur content was confirmed by idiometric titrations. 
In EDX Characterisation, the high percentage of sul-
phur i.e. 47.28%- 20.87% of sulphur content is ob-
served, on comparing via analytical determination. 
The chlorinated lignin was also functionalized to sul-
phur derivative by conventional heating. This also 
shows that reactions were more uniformly performed 
under convention methods in cool conditions. The 
modification of Lignin via chloroacetylation open up 
the polymer structure to more extensive reaction as 
the hydrogen bonding b/w different chain is breaking 
out. FTIR characterization also confirmed the function 
group addition after the modification of lignin through 
–SH and –S group SEM has been showed different 
morphology of raw lignin after the interference of 
different functional groups confirmed the modifica-
tions. Thus, red toon lignin has been proved an inno-
vative biosorbent in this study. Further this sorbent 
can be used to calculate different isotherms and kinet-
ics parameter. The thermodynamics can be also calcu-
lated and its assortment of quality geographically and 
wide application attract biomass researchers world-
wide.  
Acknowledgements: The authors are thankful to the 
Member Secretary, Himachal Pradesh State Pollution 
Control Board (HPSPCB), H.P. for the lab facilities 
and support. 
 
REFERENCES: 
1.  Ahluwalia S. S., Goyal D. (2005) Removal of 

heavy metals by waste tea leaves from aqueous 
solution, Eng life Sci., 5, 158-162. 

2. Ahluwalia S. S., Goyal D (2007) Microbial and 
plant derived biomass for removalof heavy metals 
from wastewater, Bioresour Technol., 98, 2243-
2257. 

3. Ajmal M, Rao RA, Anwar S, Ahmad J, Ahmad R 
(2003) Adsorption studies onrice husk: removal 

and recovery of Cd (II) from wastewater, Biore-
sour Technol., 86, 147-149. 

4. Al-Asheh S., Duvnjak Z. (1997) Sorption of cad-
mium and other heavy metals by pine bark, J. Ha-
zard Mater, 56, 35–51. 

5. Atalla R. H., Agarwal, U. P. (1985). Raman Mi-
croprobe Evidence for Lignin Orientation in the 
Cell Walls of Native Woody Tissue. Science 8 
February, 227, 636–638. 

6. Atkinson B. W., Bux F., Kasan H. C. (1998) Con-
siderations for application of biosorption technol-
ogy to remediate metal-contaminated industrial 
effluents, Water SA, 24, 129–135. 

7. Babel S., Kurniawan T. A. (2004) Cr (VI) removal 
from synthetic wastewater using coconut shell 
charcoal and commercial activated carbon mod-
ified withoxidizing agents and/or chitosan, Che-
mosph, 54, 951-967. 

8. Bhattacharya A. K., Mandal S. N., Das S. K. 
(2006) Adsorption of Zn (II) from aqueous solu-
tion by using different adsorbents, J. Chem Eng., 
123, 43-51. 

9. Bulut Y., Tez Z. (2003) Removal of heavy metal 
ions by modified sawdust ofwalnut, Freseni Envi-
ron Bullet., 12, 1499-1504. 

10. Chubar N., Carvalho J. R., Correia M. J. N. 
(2003) Cork biomass as biosorbent for Cu (II), Zn 
(II) and Ni (II) Colloids and Surfaces, Physico 
chem. Eng Asp, 230, 57-65. 

11. Crist D. R., Crist R. H., Martin J. R. (2003) A new 
process for toxic metal uptake by a kraft lignin, J 
Chem Technol Biotechnol., 78, 199–202. 

12. Crist R. H., Martin J. R., Crist D. R. (2002) Heavy 
metal uptake by lignin comparisonof biotic ligand 
models with an ion-exchange process, Environ Sci 
Technol., 36, 1485–1490. 

13. Crist R. H., Martin J. R., Crist D. R. (2004) Use of 
a novel formulation of kraftlignin for toxic metal 
removal from process waters, Sep Sci Technol, 39, 
1535–1545. 

14. Demirbas A. (2004) Adsorption of lead and cad-
mium ions in aqueous solutionsonto modified lig-
nin from alkali glycerol delignication, J. Hazard 
Mater B, 109, 221–226. 

15. Feng N., Guo X., Liang S., Zhu Y., & Liu J. 
(2011) Biosorption of heavy metals from aqueous 
solutions by chemically modified orange peel, 
Journal of Hazardous Materials, 185-189. 

16. Fengel D., Wegener G., Wood (1989) Chemistry, 
Ultrastructure, Reactions; Walter de. Gruyter & 
Co.: Berlin, 133–139. 

17. Gabaldon C., Marzal P., Ferrer J., Seco A. (1996) 
Single and competitive adsorption of Cd and Zn 



[Synthesis of Innovative Thiolated Red Toon Lignin for the Removal of Fe(III) from Aqueous System]  

 
                                                                       J. Biol. Chem. Chron. 2019, 5(1), 01-10                                             9 

onto granular activated carbon, Water Res., 30, 
3050–3060.  

18. Goheen, D. W. (1978) Chemicals from Lignin. 
Paper Presented to the 8th World Forestry Con-
gress, Jakarta, Indonesia. 

19. Gupta V. K., Mohan D., Sharma S., Park K. T. 
(1999) Removal of chromium(VI) from electrop-
lating industry wastewater using bagasse fly ash - 
a sugar industry waste, Environmentalist, 19, 
129–136. 

20. Johnson P. D., Watson M. A., Brown J., Jefcoat I. 
A. (2002) Peanut hull pellets a single use sorbent 
for the capture of Cu (II) from wastewater, Waste 
Manage, 22, 471-480. 

21. Kadirvelu K., Faur-Brasquet C., Le Cloirec P. 
(2000)  Removal of Cu(II), Pb(II) and Ni(II) by 
adsorption onto activated carbon cloths, Lang-
muir, 16, 8404–8409. 

22. Kobya M., Demirbas E., Senturk E., Ince M. 
(2005) Adsorption of heavy metal ions from 
aqueous solutions by activated carbon prepared 
from apricot stone, Bioresour Technol, 96, 1518-
1521.  

23. Kumar U., Bandyopadhyay M. (2006) Sorption of 
cadmium from aqueous solution using pretreated 
rice husk, Bioresource technology, 97, 104-109. 

24. Lalvani S. B., Wiltowski T. S., Murphy D., Lalva-
ni L. S. (1997) Metal removal from process water 
by lignin, Environ Technol, 18, 1163–1168. 

25. Malkoc E, Nuhoglu Y (2005) Investigations of 
nickel (II) removal from aqueous solutions using 
tea factory waste, J Hazard Mate., 127, 120-128. 

26. Malkoc E., Nuhoglu Y. (2007) Potential of tea 
factory waste for chromium (VI) removal from 
aqueous solutions: thermodynamic and kinetic 
studies, Separa Purifi Tech., 54, 291-298. 

27. Mane P., Bhosle A. B., Jangam C. M., Vishwa-
karma C. V. (2011) Bioadsorption of selenium by 
pretreated algal biomass, Advances in applied Sci 
Res., 2, 202. 

28. McKay G., Porter J. F. (1997) Equilibrium para-
meters for the sorption of copper, cadmium and 
zinc ions on peat,  J. Chem. Technol Biotechnol, 
69, 309–320. 

29. Melo J. S., D’souza S. F. (2004) Removal of 
chromium by mucilaginous seeds of Ocimumbasi-
licum, Bioresour Tech., 92, 151-155. 

30. Mohan D., Chander S. (2006) Single, binary, and 
multicomponent sorption of iron and manganese 
on lignite, J. Colloid Interface Sci., 299, 76–87. 

31. Mohan D., Pittman C. U. (2006) Steele, Single, 
binary and multi component adsorption of copper 
and cadmium from aqueous solutions on kraft lig-

nin – a biosorbent, J. Colloid Interface Sci, 297, 
489-504. 

32. Moreno-Castilla C., Alvarez-Merino M. A., Lo-
pez-Ramon M. V., Rivera-Utrilla J. (2004) Cad-
mium ion adsorption on different carbon adsor-
bents from aqueous solutions. Effect of surface 
chemistry, pore texture, ionic strength and dis-
solved natural organic matter, Langmuir, 20, 
8142-8148.  

33. Morton J., Adler E., Marton T., Falkehag, S. I. 
(1966) Lignin Structure and Reactions, Advances 
and Chemistry Series, 59, 125. 

34. Moustafa M., Idris G. (2003) Biological removal 
of heavy metals from waste water, J. Alexand 
Eng, 42, 767-771.44.  

35. Wu J., Zhang H., He P. J., Yao Q., Shao L. M. 
(2010) Cr (VI) removal from aqueous solution by 
dried activated sludge biomass, J hazard Mater, 
176, 697-703. 

36. Oliveira W. E., Franca A. S., Oliveira L. S., Rocha 
S. D. (2008) Untreated coffee husks as biosor-
bents for the removal of heavy metals from 
aqueous solutions, J Hazard Mat, 152, 1073-1081. 

37. Orhan Y., Büyükgüngör H. (1993) The removal of 
heavy metals by using agricultural wastes, Water 
Sci Tech, 28, 247-255. 

38. Oubagaranadin J. U. K., Murthy Z. V. P. (2009) 
Adsorption of divalent lead on a montmorillonite-
illite type of clay, Ind Eng Chem Res, 48, 10627-
10636. 

39. Ozer A., Ozer D. (2004) The adsorption of copper 
(II) ions on to dehydrated wheat bran (DWB): de-
termination of the equilibrium and thermodynam-
ic parameters, Procebiochem, 39, 2183-2191. 

40. Pavlidou S, Papasyrides CD (2008) A review on 
polymer-layered silicate nanocomposites, 
Progress Polym Sci, 33, 1119-1198 

41. Pyrzyriska K., Bystrzejewski M. (2010) compara-
tive study of heavy metal ions sorption onto acti-
vated carbon, carbon nanotubes and carbon-
encapsulated magnetic nanoparticles, Colloids 
Surf A, 362,102-109. 

42. Rether A., and Schuster M. (2003) Selective sepa-
ration and recovery of heavy metal ions using wa-
ter-soluble N-benzoylthiourea modified PAMAM 
polymers, Reactive and Functional Polymers, 57, 
13-21.  

43. Rivastava S. K., Singh A. K. Sharma A. (1994) 
Studies on the uptake of lead and zinc by lignin 
obtained from black liquor- a paper industry waste 
material, Environ Technol, 15, 353-360.  

44. Rogers, W. F. (1963) Compositions and Properties 
of Oil Well Drilling Fluids. 3rd Ed.; Gulf Publish-
ing Comp. Houston, TX. 



[Synthesis of Innovative Thiolated Red Toon Lignin for the Removal of Fe(III) from Aqueous System]  

 
                                                                       J. Biol. Chem. Chron. 2019, 5(1), 01-10                                             10 

45. Saeed A., Akhter M. W., Iqbal M. (2005) Removal 
and recovery of heavy metals from aqueous solu-
tion using papaya wood as a new biosorbent, Sep-
arate Purify Tech, 45, 25-31. 

46. Sarkanen K. V., Ludwig C. H., (1971) Lignins: 
Occurrence, Formation, Structure and Reactions. 
Wiley-Interscience, New York, 519. 

47. Schneider I. A. H. (1999) Sorption of heavy metal 
ions by the non-living biomass of freshwater ma-
crophytes, Environ Sci Technol, 33, 2213-17.  

48. Srivastava S. K., Singh A. K., Sharma A. (1994) 
Studies on the uptake of lead and zinc by lignin 
obtained from black liquor- a paper industry waste 
material, Environ Technol, 15,  353–360.  

49. Suhas, P. J., Carrott M., Ribeiro Carrott M. L. 
(2007) Lignin - from naturaladsorbent to activated 
carbon: a review,  Bioresour Technol, 98, 2301–
2312 

50. Villaescusa I., Fiol N., Martinez M., Miralles N., 
Poch J, et al. (2004) Removal ofcopper and nickel 
ions from aqueous solutions by grape stalks 
wastes, Water Res., 38, 992-1002. 

51. Walsh F. C., Reade G. W. (1994) electrochemical 
techniques for the treatment of dilute metal-ion 
solutions, Studies in Environ Sci, 59, 3-44.  

52. Wang J. M.,  Teng X. J., Wang H., Ban H. (2004) 
Characterizing the metal adsorption capability of 
a class F coal fly ash, Environ Sci Technol, 38, 
6710–6715. 

53. Wang L. K., Vaccan D. A., Li Y., Shammas N. K. 
(2005) Chemical Precipitation Physicochemical 
treatment Processes. In Wang LK, Hung YT, 
Shammas NK, Eds Humana Press 3141-197.  

54. Wang T. C. (1996) Parameters for removal of 
toxic heavy metals by water milfoil Bull, Environ 
Comtam Toxicol, 57, 779-786. 

55. Xing Y., Chen X., Wang D. (2007) El                                                                 
ectrically regenerated ion exchange for removal 
and recovery of Cr (VI) from wastewater, Environ 
Sci Technol, 41, 1439-1443.  

56. Zhang P., Hahn H. H., Hoffmann E. (2003) Dif-
ferent behavior of iron (III) and aluminium (III) 
salts to coagulate silica particle suspension, Acta 
Hydro Chhydrob, 31, 145-151.   

57. Zhao G., Li J., Ren X., Chen C., Wang X. (2011) 
Few layered grapheme oxide nano sheets as supe-
rior sorbents for heavy metal ion pollution man-
agement, Environ Sci Technol, 45, 10454-10462.  

58. Zhao X., Jia Q., Song N., Zhou W., Li Y. (2010) 
Adsorption of Pb(II) from an aqueous solution by 
titanium dioxide/carbon nanotube nanocompo-
sites: Kinetics, thermodynamics, and isotherms,  J 
Chem Eng Data, 55, 4428-4433. 

59. Bailey S. E., Olin T. J., Bricka R. M., Adrian D. 
D. (1999) A review of potentially low cost sor-
bents for heavy metals, Water Res., 33, 2469-
2479. 

60. Kalpana C., Vishal P., Prem S. Ghanshyam C. et 
al. (2015), A green and highly efficient sulfur 
functionalization of starch, RSC Adv 5, 51762 –
51772. 

61. Prem S., Kalpana C., Vishal P., Rakesh K. S. 
(2016) A green approach for impressive removal 
of As(III) and As(V) from an ultralow concentra-
tion using a highly efficient Chitosan thiomer as a 
new adsorbent, RSC Adv, 6, 64946 –64961. 

62. Rahul S., Prem S., Rohini  D., Ghanshyam S., 
Sapana K. (2017) Thiourea functionalized β-
Cyclodextrin as green reducing and stabilizing 
agent for silver nanocomposites with enhanced 
antimicrobial and antioxidant properties, RSC 
New Jour. Chem., 21, 12339-13184. 

 


