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ABSTRACT SUMMARY: 
In this work, a grafted (with carboxylic groups) 
chitosan material was synthesized and the 
adsorption mechanism of a basic dye (Remarcyl 
Red TGL denoted as CR) and a heavy metal (zinc 
ions denoted as Zn) was investigated both in 
single-component and binary solutions. Succinyl-
grafted chitosan (CSUC) was completely 
characterized using various techniques as SEM, 
XRD, and TGA, while the variety of adsorption 
interactions dominated in different pH-conditions 
(electrostatic forces, hydrogen bonding, chelation, 
simple diffusion phenomena etc) were confirmed 
with FTIR spectroscopy.  
 
INTRODUCTION: 
Recent years researchers are focused on 
investigating the removal of either dyes or heavy 
metals from industrial effluents. Both of those 
two pollutants  play an important role to the 
phenomenon known as  “environmental 
pollution”. Many industries (employed with 
dyestuffs, textile, paper and plastics) use dyes in 
order to colorize their products and also consume 
substantial volumes of water generating a 
considerable amount of colored wastewaters. 
Although over 100,000 commercially available 
dyes exist and more than 7×105 tons are produced 
annually, the most studied dye classes are 
reactive and basic ones. The dye loss from the 
dyeing process to the effluent is estimated 10-
50% for reactive dyes and 0-5% for basic ones. 
However, that small percentage of basic dyes 
along with their high toxicity and carcinogenesis 
characterize them as the number one target-for-
removal. 
Waste streams from metal cleaning and plating 
facilities, mining, corrosion and electronic device 
manufactures may contain considerable amount 
of toxic heavy metals. So, the presence of heavy 
metal ions in industrial effluents and drinking 
water resources is also relevant due to its 
toxicological profile and potential impacts on the 
human health and environment. Amongst the 
numerous techniques regarding the removal of 

environmental pollutants, adsorption has been 
found to be a superior technique as compared to 
other methods of wastewater treatment in terms 
of cost, simplicity of design and operation, 
availability, effectiveness, and insensitivity to toxic 
substances. Adsorption, as one of the most 
promising techniques, ++be used to remove 
different types of pollutants and especially dyes 
and heavy metals.  
In recent literature, numerous works have been 
published studying the removal of dyes or heavy 
metals from single-component solutions. 
However, only few of them focus on adsorption of 
either dyes or metals in multi-component 
aqueous systems (in each case two or more same-
type pollutant). Even smaller number of works has 
been published regarding the simultaneous 
removal of both dyes and metals from effluents. 
The need of the study of simultaneous removal of 
dyes and ions is obvious given the extended co-
existence of both of them in large amounts of 
wastes (and mainly industrial effluents). 
The selection of CSUC material was based on the 
already experience of our research team with the 
use of chitosan as adsorbent for environmental 
pollutants (i.e., dyes, heavy metals, drugs) in line 
with the extensive bibliographic report for the 
impressive results of chitosan as adsorbent.  
In the present study, the modification of chitosan 
was achieved by grafting the carboxylic groups of 
succinic anhydride onto chitosan backbone. The 
final product is denoted here after as CSUC. As 
heavy metal ion (target pollutant), Zn(II) was 
selected because of its widespread existence in 
aqueous media (effluents etc). Zinc is most often 
found in plating and galvanizing operations. 
Material’s characterization includes various 
techniques as SEM, FTIR, XRD, and TGA. Major 
adsorption factors were investigated as the effect 
of pH, contact time, and initial pollutant’s 
concentration (dye or metal in single-component 
solutions and simultaneous existence in binary 
aqueous mixtures). In order to study the behavior 
of CSUC in the simultaneous removal of metal and 
dye (synergetic or antagonistic), selectivity 
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experiments in binary mixtures were also carried 
out. The regeneration of adsorbents was 
investigated with 40 stages of adsorption and 
desorption (reuse cycles).1-5 
 
EXPERIMENTAL METHODS: 
Preparation of adsorbents. The synthesis of CSUC 
was mainly based on Hirano and Moriyasu 
method,6 but modifying some ratios. Briefly, 3 g of 
chitosan were dissolved in aqueous acetic acid 
solution (6% v/v). The solution was diluted with 
300 mL of methanol and the mixture was stirred 
for 1 h. 4 g of succinic anhydride were dissolved in 
100 mL of acetone and this solution was added to 
the chitosan solution prepared above for 30 min 
at 25°C. Then, the reaction was allowed to 
continue at room temperature for 18 h. The 
obtained viscous solution was diluted with 400 mL 
of deionized water and the pH was adjusted to 10 
(using 2M NaOH solution). The product was 
washed several times with water: acetone 
mixture (50:50) and the solution was freeze-dried 
after dialysis for 5 days. The final product 
obtained (CSUC) seemed like cotton-white 
material. 
The particle size of the prepared CSUC was in the 
range of 950-1025 μm Its scheme was like rigid 
flakes. The final grafting percentage (GP, %) of 
SUC in CSUC was 47% . 
 
RESULTS AND DISCUSSION: 
The structures of CS and CSUC were confirmed by 
FTIR spectra (Figure 1a). 
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Figure 1.a) FTIR spectra of CS, CSUC, and CSUC 
after CR, Zn, and Mix adsorption.b) X-ray 
diffraction (XRD) patterns of CSUC after Zn, CR 
and Mix adsorption. (Inset: X-ray diffraction (XRD) 
patterns of CS and CSUC before adsorption). 
 
In the case of CS, a broad band at 3429 cm-1 is 
attributed to the stretching of –OH and –NH2 
groups. Amino groups should give two 
characteristic peaks between 3070-3300 cm-1 but 
due to the strong absorption of –OH groups and 
the existed water traces, all groups are merged 
into one broad peak. A band at 2924 cm-1 
corresponds to the stretching of C–H groups, 
comparing the spectrum of grafted (CSUC) with 

that of neat chitosan (CS), one new peak appears. 
This peak at 1701 cm-1 (appeared as shoulder) 
corresponds to the carbonyl group that was 
attached to chitosan by adding the succinic 
anhydride. The stronger adsorption of the amide I 
(1660 cm-1) and amide II peak (1568 cm-1) 
indicates the successful succinylation of chitosan. 
Figure 1b shows the XRD profiles of the materials 
after CR, Zn, and Mix adsorption, while the inset 
shows the XRD patterns of CSUC and neat 
chitosan (CS). The XRD pattern of CS presents two 
typical peaks at between 10-12° and 20.3°, which 
are typical fingerprints of semi-crystalline 
chitosan. In the case of CSUC, the crystalline peak 
at 10-12° is not observed, unlike the peak at 20.3°, 
which exists in broader limits. Furthermore, all 
patterns of metal-loaded CSUC (both CSUC-Zn and 
CSUC-Mix) show amorphous structure. This fact 
can be attributed to the adsorption mechanisms 
dominated (chelation, electrostastic interactions 
etc) between adsorbents and metals.  
Adsorption of pollutants 
Isotherms for the adsorption in CS and CSUC are 
illustrated in Figure 3a. In particular, in the case of 
CR removal the neat chitosan (CS) presents Qmax = 
472 mg/g, while after grafting the respective 
value was 857 mg/g, which corresponds to ~82% 
increase. The latter reveals that the main 
adsorption interaction is the electrostatic 
interaction between deprotonated carboxylic 
groups of chitosan and positively charged groups 
of CR (≡N+). The grafting of carboxylic groups also 
affects the Zn removal from single-component 
solutions, representing an increase of 47% (from 
167 mg/g for CS to 245 mg/g for CSUC). In the 
case of binary solution, the conditions are more 
complex and consequently the effect of grafting is 
complicated. Similarly, the simultaneous removal 
of Zn and CR from solutions was larger for CSUC 
(443 mg/g for CR and 179 mg/g for Zn) compared 
to that for CS (326 mg/g for CR and 142 mg/g for 
Zn).. The results of reuse ability of CSUC(Fig. 2b), 
showed a single-component adsorption and 
desorption in the case of of CR, the loss in the 
removal ability from the 1st cycle to the 10th is 
6% (from 97 to 91%), while proceeding to the next 
stages the loss until the 20th cycle and 30th was 9 
and 10%, respectively. From 30th to 40th cycle a 
sudden reduction (40%) of the removal ability is 
observed (the CR removal was 32%), implying the 
saturation of the adsorbent’s use. Similar reuse-
behavior is observed for CR removal in the 
simultaneous presence of Zn; On the contrary, the 
reuse ability of CSUC in the case of Zn adsorption 
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is different. The reduction was relatively mild 
(~5%) for all cycles (removal in 1st: 64%; 10th: 
60%; 20th: 55%; 30th: 50%; 40th: 45%). Similar 
behavior (slight reduction of ~8%) is observed 
when both CR co-exist (removal in 1st: 63%; 10th: 
58%; 20th: 50%; 30th: 46%; 40th: 41%). The 
different in reuse behavior for Zn 
adsorption/desorption is maybe due to come 
chelation reactions of zinc ions with CSUC which 
are milder reactions than the strong ionic 
electrostatic forces of CSUC-CR system. 
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Figure 2.a) Isotherms (fitting to L-F equation) for 
the adsorption onto CS and CSUC of CR, Zn, and 
Mix b) Cycles of adsorption-desorption for the 
reuse of CSUC as super-adsorbent for CR, Zn, and 
MIX adsorption 
 
CONCLUSIONS: 
The use of succinyl-grafted chitosan as multi-
adsorbent for simultaneous removal of zinc and 
cationic/basic dye from effluents was 
investigated. The adsorption experiments showed 
a strong increase of maximum adsorption capacity 
of the material after grafting (CSUC) both for 

single-component solutions (either CR or Zn) and 
mixture (Mix). The interesting concluding remark 
of the nearly constant reuse behavior of the 
material for 40 cycles demonstrated the reuse 
potential of this material. The competitive 
adsorption phenomenon was confirmed both in 
SEM distribution maps of Zn, where the number 
of dots (traces of Zn existence) was clearly larger 
and more intense in the case of CSUC-Zn than in 
CSUC-Mix. The latter confirmed that in the case of 
Mix adsorption, the metal ions competed with 
dye molecules for possibly the same adsorption 
sites. 
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The structures of CS and CSUC were confirmed by FTIR
spectra (Figure 2a). In the case of CS, a broad band at
3429 cm-1 is attributed to the stretching of –OH and –
NH2 groups. comparing the spectrum of grafted (CSUC)
with that of neat chitosan (CS), one new peak
appears. This peak at 1701 cm-1 (appeared as
shoulder) corresponds to the carbonyl group that was
attached to chitosan by adding the succinic anhydride.
The stronger adsorption of the amide I (1660 cm-1)
and amide II peak (1568 cm-1) indicates the successful
succinylation of chitosan.

Chitosan has been reported to have high potential for adsorption of metal ions and dyestuffs. This is due to the presence of large number of amino
and hydroxyl groups on its chain. In spite of its prolific use, the adsorption ability of chitosan has not been realized to satisfying levels. Until now,
several methods have been used to modify the raw form of chitosan in order to improve the selectivity and adsorption capacities for heavy
metals. Physical modification may increase the adsorption properties: gel formation decreases the crystallinity of the adsorbent and involves an
expansion of the porous network. Another possibility for increasing the adsorption capacity is by grafting supplementary functional groups, such
as carboxmethyl, carboxybenzyl and alkyl chitosans. Acylation was prepared and regarded as a simple and effective process to facilitate the
adsorption ability of chitosan with heavy metals. In the present study, N-Succinyl-chitosan (CSUC) was synthesized via introduction of succinyl
groups at the N-position of glucosamine units of chitosan.
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CONCLUSIONS
The use of succinyl-grafted chitosan as multi-adsorbent for simultaneous removal of zinc and
cationic/basic dye from effluents was investigated. The adsorption experiments showed a strong increase
of maximum adsorption capacity of the material after grafting (CSUC) both for single-component solutions
(either CR or Zn) and mixture (Mix). The interesting concluding remark of the nearly constant reuse
behavior of the material for 40 cycles demonstrated the reuse potential of this material. The competitive
adsorption phenomenon was confirmed both in SEM distribution maps of Zn, where the number of dots
(traces of Zn existence) was clearly larger and more intense in the case of CSUC-Zn than in CSUC-Mix. The
latter confirmed that in the case of Mix adsorption, the metal ions competed with dye molecules for
possibly the same adsorption sites.
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Isotherms for the adsorption in CS and CSUC are illustrated in Figure 3a. In particular, in the case
of CR removal the neat chitosan (CS) presents Qmax = 472 mg/g, while after grafting the
respective value was 857 mg/g, which corresponds to ~82% increase. The latter reveals that the
main adsorption interaction is the electrostatic interaction between deprotonated carboxylic
groups of chitosan and positively charged groups of CR (≡N+). The grafting of carboxylic groups also
affects the Zn removal from single-component solutions, representing an increase of 47% (from 167
mg/g for CS to 245 mg/g for CSUC). In the case of binary solution, the conditions are more
complex and consequently the effect of grafting is complicated. Similarly, the simultaneous
removal of Zn and CR from solutions was larger for CSUC (443 mg/g for CR and 179 mg/g for Zn)
compared to that for CS (326 mg/g for CR and 142 mg/g for Zn).

Figure 3.a) Isotherms (fitting to L-F equation) for the adsorption onto CS and CSUC of CR, Zn, and Mix b) Cycles
of adsorption-desorption for the reuse of CSUC as super-adsorbent for CR, Zn, and MIX adsorption

Figure 2.a) FTIR spectra of CS, CSUC, and CSUC after CR, Zn, and Mix adsorption.b) X-ray diffraction (XRD)
patterns of CSUC after Zn, CR and Mix adsorption. (Inset: X-ray diffraction (XRD) patterns of CS and CSUC
before adsorption).

The results of reuse ability of CSUC(Fig. 3b), showed a single-component adsorption and desorption
in the case of of CR, the loss in the removal ability from the 1st cycle to the 10th is 6% (from 97 to
91%), while proceeding to the next stages the loss until the 20th cycle and 30th was 9 and 10%,
respectively. From 30th to 40th cycle a sudden reduction (40%) of the removal ability is observed
(the CR removal was 32%), implying the saturation of the adsorbent’s use. Similar reuse-behavior is
observed for CR removal in the simultaneous presence of Zn; On the contrary, the reuse ability of
CSUC in the case of Zn adsorption is different. The reduction was relatively mild (~5%) for all cycles
(removal in 1st: 64%; 10th: 60%; 20th: 55%; 30th: 50%; 40th: 45%). Similar behavior (slight reduction
of ~8%) is observed when both CR co-exist (removal in 1st: 63%; 10th: 58%; 20th: 50%; 30th: 46%;
40th: 41%). The different in reuse behavior for Zn adsorption/desorption is maybe due to come
chelation reactions of zinc ions with CSUC which are milder reactions than the strong ionic
electrostatic forces of CSUC-CR system.
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Figure 1b shows the XRD profiles of the materials after
CR, Zn, and Mix adsorption, while the inset shows the
XRD patterns of CSUC and neat chitosan (CS). The XRD
pattern of CS presents two typical peaks at between
10-12° and 20.3°, which are typical fingerprints of
semi-crystalline chitosan. CSUC diffractogram shows
broad peak at at 20.3.Furthermore, all patterns of
metal-loaded CSUC (both CSUC-Zn and CSUC-Mix) show
amorphous structure. This fact can be attributed to the
adsorption mechanisms dominated (chelation,
electrostastic interactions etc) between adsorbents and
metals

The synthesis of CSUC was mainly
based on Hirano and Moriyasu
method, after modifying some
ratios. Figure 1 shows the
schematic preparation route.

I. Preparation of adsorbents

II. Characterization of adsorbents (FT-IR, XRD studies)

Figure 1. N-succinyl-g-Chitosan
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