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| A novel chitosan derivative, porous tetracthylenepentamine-type chitosan resin, was chemically modified by chloromethyloxirane and
tetraethylenepentamine. The uptake behaviour of resin towards Cd(Il) was studied in aqueous medium, where the maximum adsorption
capacity of the resin was 125.1 mg/g at pH 8.0 at room temperature. Kinetic studies referred that the uptake reaction is pseudo second

regenerated many times as well as stable performance in adsorption of Cd(II).

| order. The uptake reaction is a monolayer and found to be endothermic. Interference of other cations and anions in Cd(Il) adsorption was |
| found to be significant. The resin was regenerated effectively (desorption ratio =98 %) using a mixture of 2 M NaCl and 0.5 M and can be |
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INTRODUCTION

The increasing level of heavy metals in the environment
represents a serious threat to human health, living resources
and ecological systems'. These contaminants must be removed
from wastewaters before discharge, as they are considered
persistent, bioaccumulative and toxic’. Cadmium is a heavy
metal with obvious chronic toxicity and is most sensitive to
genital system®. The processes currently used to remove these
pollutants from water are chemical precipitation, oxidation-
reduction, electrochemical deposition, filtering, ion exchange
and adsorption. Adsorption is the most employed process
because of its low cost and acceptable efficiency®.

Recently, much attention has been paid to utilize chitosan
in wastewater treatment’. Chitosan, poly D-glucosamine, is
the deacetylated form of chitin that has a large number of amino
groups which are responsible for the high adsorption property
of metal®. However the good solubility of chitosan in acid
solution limits its application in water treatment. Therefore, it
was developed a number of acid-stable chitosan derivatives
according to the need for structural design, such as high-
capacity chitosan-based chelating resin for on-line collection
of transition and rare-earth metals”®.

For this purpose, we have developed a novel structure of
chitosan resin employing chelating agent with amino group
incorporated on chemically modified. This modified chitosan
can then be lead into porous structure by stirring in atoleine
with PEG-2000 and Span-80 without specific processing
technique. The ultimate goal of this paper is the development

of new porous chitosan resin and the study on removal
behaviour of cadmium using this resin. Thermodynamic as
well as kinetic properties of the removal process will be also
be clarified.

EXPERIMENTAL

Chitosan (Shanghai Jilan Co. Ltd., China) with
deacetylation degree of 85 %, ethyleneglycol diglycidylether
and tetra-ethylenepentamine were purchased from Sigma
Chemicals. All other reagents used for the synthesis of the
chelating resin were of analytical reagent grade. Cd(NOs),-4H,O
were used as a source of Cr(II). The wastewater samples were
acquired from a local electroplating industry located in
Yancheng city, Jiangsu Province, China. The characteristics
of electroplating wastewater were: colour, colourless; pH
11.0; TDS, 50.0 mg/L; TSS, 5530 mg/L; cadmium, 1500 mg/
L; cyanide, 3200 mg/L; sulfate, 1890 mg/L; carbonate, 50.0
mg/L.

Porous tetra-ethylenepentamine-type chitosan resin:
The porous tetra-ethylenepentamine-type chitosan resin was
synthesized as follows. The cross-linked chitosan was synthe-
sized as shown in Fig. 1 (mechanism 1). Chitosan (10 g) was
suspended in 60 mL of water-ethanol (1:1 v/v), then benzal-
dehyde (40 g) was added to the chitosan suspension. The
mixture was stirred at room temperature for 12 h to protected
amino groups of chitosan as Schiff base. After the reaction,
the product was filtered and washed each three times with
ethanol and water to remove unreacted benzaldehyde. The
chitosan derivative protected the amino groups by benzaldehyde
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Fig. 1. Synthesis of porous tetra-ethylenepentamine-type chitosan resin

was refluxed with ethyleneglycol diglycidylether (15 g) in
100 mL of dioxane and 40 mL of 1M NaOH for 3 h. The
product was filtered and washed each three times with ethanol
and water. The Schiff base was cleaved to amino compound
with 200 mL of 0.5 M hydrochloric acid solution at room
temperature for 12 h, then filtered and washed each three times
with ethanol and water. The porous tetra-ethylenepentamine-
type chitosan resin was synthesized in three steps shown in
Fig. 1 (mechanism 2): (i) The cross-linked chitosan (5 g) was
suspended in 60 mL of water-ethanol (1:1 v/v), then
chloromethyloxirane (10 g) was added to the suspension and
the mixture was refluxed for 3 h. The product was filtered and
washed each three times with ethanol and water to remove
remained chloromethyloxirane. (ii) The product obtained in
the step (i) and tetra-ethylenepentamine (10 g) were suspended
in dioxane (100 mL) and to this suspension 1 M NaOH (40
mL) was added and the suspension was refluxed for 3 h for
coupling amino group of the tetra-ethylenepentamine with the
terminal chloro group of the cross-linked chitosan. The
product obtained was washed with water followed by ethanol
to remove residual tetra-ethylenepentamine. (iii) The tetra-
ethylenepentamine-type chitosan resin was added into atoleine/
Span-80/ PEG-2000 (2:1:1 v/v/v) mixture and agitating for
3 hat 60 °C. The solid product was washed several times with
ethanol.

Cadimium adsorption batch experiments: A 0.1 g of
dry resin was placed in a series of flasks containing 40 mL of
distilled water for 1 h. Thereafter 50 mL of Cd(NO;), solution
(1 x 10”°M) as Cd(II) was added to each flask. The desired pH
was obtained using HCI or NaOH. The volume of solution in
each flask was completed to 100 mL. The initial concentration
of Cd(II) becomes 5 x 10 M. The residual concentration of
the metal ion was estimated spectrophotometrically at 228.8
nm using a slit width of 0.7 nm. For kinetic studies, the initial
concentration of the Cd(I) was 5 x 10° M and pH was adjusted
to 8 using NaOH. The sample volume was maintained at
50 mL and at different time intervals was withdrawn for analy-
sis. For equilibrium studies, 0.1 g dry resin in a series of flasks

with different concentrations of Cd(II), the residual concen-
tration of metal ion was determined at the different tempe-
rature.

RESULTS AND DISCUSSION

Characterization of porous tetra-ethylenepentamine-
type chitosan resin: Infrared spectra (4000-500 cm™) were
recorded, the differences between the IR spectra of chitosan
(A) and the resin (B) can be observed in Fig. 2. It is observed
that the wider band (B) at 3500-3490 ¢cm™ assigned to the
elongation vibration of the N-H and O-H bonds. This is because
the bond of the N-H and O-H are modified with tetra-
ethylenepentamine. The band at 2854 cm™ is due to the C-H
bond elongation. The bands between 1465-1340 cm™ are the
C-H bond bending vibration. The bands between 1350-1000
cm™ are the C-N bond elongation vibration. It can be notice
that the bands at 2854 cm!, 1465-1340 cm™ and 1350-1000
cm™ changed very much in intensity, which confirm the forma-
tion of porous tetra-ethylenepentamine-type chitosan resin.
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Fig. 2. FTIR spectra of chitosan (A) and porous tetra-ethylenepentamine-

type chitosan resin (B)
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The porous tetra-ethylenepentamine-type chitosan resin
morphology is observed in Fig. 3. It can be seen that the resin
surface has porous structure obviously. The modified chitosan
could be lead into porous structure by stirring in atoleine with
PEG-2000 and Span-80 without specific processing technique,
which indicates that it is likely to has high adsorption capacity
and the sorption process could be fast.

Fig. 3.

SEM images of porous tetra-ethylenepentamine-type chitosan (a)
augment 1200x, (b) augment 3000x

Effect of pH: A pH effect test is performed to determine
the pH of adsorption at which maximum uptake of metal
occurs. The pH from 2 to 10 was adjusted initially with either
hydrochloric acid or sodium hydroxide (0.1 M). The removal
increased from 90.5 to 100 % with increase of pH from 6 to 8
and thereafter a slight decline in removal was observed with
increase in pH (Fig. 4). The optimum pH for the removal of
Cd(II) was found to be 8. This could be attributed to Cd(OH)*
species which exist’ at pH 7.0-8.6. It is well known that
hydroxyl metal complexes adsorb with a higher affinity than
the completely hydrated metals because the formation of an
OH group on the metal reduced the free energy requirement
for adsorption.
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Fig. 4. Effect of pH on Cd(II) adsorption at 30 °C and the initial
concentration of Cd** is 5 x 10°M

Sorption kinetics: Fig. 5 shows the change in the Cd(II)
adsorption by the resins as a function of time at initial concen-
tration of 5 x 10° M, pH 8 and different temperatures. The
kinetics of removal of cadmium indicated rapid binding of
cadmium by the resin during the first few minutes followed

by aslow increase until a state of equilibrium is reached. These
observations were in agreement with the work reported earlier
with the other metal ion-biomaterial systems’. The data in Fig.
5 were treated according to pseudo second-order kinetic model
expressed as':

t_ 1t

q ka: q. M
where k' is the pseudo second-order rate constant of adsor-
ption (g mmol” min") and q. and q, are the amounts of metal
ion adsorbed (mmol/g) at equilibrium and at time t, respec-
tively. Linear plots of t/q; versus t are shown in the insert of
Fig. 5. The results obtained for the model are also furnished in
Table-1. Itis evident from the table that the prepared adsorbent
followed pseudo second-order kinetics for the concentration
range studied.
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Fig. 5. Effect of time on Cd(II) adsorption at different temperatures and
the insert is the pseudo second-order kinetics of Cd(Il) adsorption
by the resin.

TABLE-1
PSEUDO SECOND-ORDER SORPTION
KINETICS OF Cd(II) BY RESIN
Temp. (°C) q. (mmol/g) k’ (g/mmol min) R?
25 2.847 0.027 0.988
35 2913 0.021 0.993
45 3.025 0.018 0.996

Sorption equilibrium: Fig. 6 shows the adsorption
isotherms of Cd(II) at different temperatures and pH 8. The
adsorption data in Fig. 6 were treated according to the following
Langmuir equation:

C C 1

e e 4
de Qua  KiQuu @
where C. is the equilibrium concentration of the adsorbate
(mmol/L), q. is the adsorbed value of adsorbate at equilibrium
concentration (mmol/g), Qm. is the maximum adsorption
capacity (mmol/g) and K, is the Langmuir binding constant
which is related to the energy of adsorption (L/mmol). Plotting
C./q. against C, gives a straight line with slope and intercept
equal to 1/Qmax and 1/KiQmax, respectively. The values of K;.
and Q.. at different temperatures for adsorption of Cd(II) were
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obtained from the insent of Fig. 6 and reported in Table-2. It is
seen that the adsorption process is mainly monolayer at all
temperatures.
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Fig. 6. Adsorption isotherms for Cd(II) at different temperatures and the
insert is the Langmuir isotherms for adsorption of Cd(II) by the
resin

TABLE-2
LANGMUIR AND THERMODYNAMIC PARAMETERS
FOR ADSORPTION OF Cd(II)

Langmuir parameters Thermodynamic parameters
Temp. Q.. K, R: | AF AS° AG®  TAS®
0 (mmol  (L/ (XJ/ (KJ/ (KJ/ (KJ/
/g) mmol) mol) mol) mol) mol)
25 2.57 128 0.992 2552 14492 -17.68 43.20
35 2.75 1.84  0.991 -19.13  44.65
45 3.03 237  0.996 -20.58 46.10
55 3.36 3.03  0.993 -22.03  47.55

It is also seen that as the temperature increases the value
of Ky increases. To obtain the thermodynamic parameters of
the adsorption reaction, the values of K at different tempe-
ratures were processed according to the following vant't Hoff
equation'":

—AH® AS°

t— 3)

RT R
where AH® and AS® are enthalpy and entropy changes, respec-
tively, R is the universal gas constant (8.314 J/mol K) and T is the
absolute temperature (K). Plotting In K, against 1/T gives a straight
line with slope and intercept equal to -AH%/R and AS°/R, respec-
tively. The values of AH® and AS® were calculate from Fig. 7 and
reported in Table-2. The positive value of AH® indicate the endot-
hermic nature of adsorption process. The The positive value of
AS° may be related to the increased randomness due to the libera-
tion of water of hydration during the adsorption of Cd(II). The
Gibbs free energy of adsorption AG® was calculated from the

following relation and given in Table- 2.
AG® = AH® - TAS® 4)

The negative values of AG® obtained indicate that the
adsorption reaction is spontaneous. The data given in Table-2
also show an increase in the values of TAS® with increasing
temperature and ITAS®l > IAH°I. This indicates that the adsor-

InK, =

ption process is dominated by entropic rather than the enthalpic
changes'.
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Fig. 7. vant't Hoff plots for the adsorption for Cd(Il) on the studied resin
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Removal of Cd(IT) from electroplating wastewater and
desorption studies: Removal of Cd(II) from real electro-
plating wastewater using the porous tetra-ethylenepentamine-
type chitosan resin was studied. Firstly, the wastewater should
be diluted to a valid working range, otherwise, it was difficult
to observe the removal of Cd(II) by the resin. The result shows
that at 10 times dilution the resin could remove 85 % Cd(II) at
a high adsorbent dose of 15 g/ with the experiment. With
further increase in dilutions, the porous tetra-ethylenepentamine-
type chitosan resin could attain almost complete removal but
at a higher adsorbent dose.

The maximum adsorption capacity of porous tetra-
ethylenepentamine-type chitosan resin was 125.1 mg Cd(II)/
g resin, which was obtained form sorption equilibrium studies.
For the real electroplating wastewater, the concentration of
CddI) 1500 mg/L, theoretically need porous tetra-ethylene-
pentamine-type chitosan resin 11.99 g to achieve 100 % of
Cd(I) removed, however, the experimental value was 76 %.
It was obviously that the interference of other cations and
anions such as CI-, CN~, Pb*, Hg*, efc. in Cd adsorption was
significant. These factors need further studies.

Desorption studies were carried out with solutions of 2
M NaCl and 0.5 M NaOH. The resin was regenerated effec-
tively (desorption ratio =98 %) using a mixture of 2 M NaCl
and 0.5 M NaOH. After regeneration, the colour, size and
adsorption capacity of the chitosan resin did not change signi-
ficantly. The adsorbent/desorption cycles were repeated for
10 cycles using 0.1 g of the adsorbent and the results obtained
are furnished in Fig. 8. Cd(II) adsorption remained unaltered
up to six cycles and thereafter there was a steady decline in
adsorption. Thus, porous tetra-ethylenepentamine-type chitosan
resin can be regenerated many times and stable performance
in adsorption of Cd(II).

Conclusion

A novel porous tetra-ethylenepentamine-type chitosan
resin was prepared. The uptake behaviour of resin towards
Cd(I) was studied in aqueous medium. Kinetic studies referred
that the uptake reaction is pseudo second order. The uptake
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reaction is a monolayer and found to be endothermic. Inter-
ference of other cations and anions in Cd(II) adsorption was
found to be significant. The resin was regenerated effectively
(desorption ratio =98 %) using a mixture of 2 M NaCl and
0.5 M and can be regenerated many times as well as stable
performance in adsorption of Cd(II).
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- [__]Adsorption
2.5 M — — Desorption
7 L ] ]
Al VI A 7 — =
4 v A1 V| L —
= 20 Z 7 717 20 7l L
= 7 2 7 Z 7 % 7
° 7 7 // 7 // /,/ 4 7 |
7/ ] L % % 7, {’ 1 % L
£ Al VA T A A 7 7 ZIW7Z 7
Ews Al Al Ul Al A1 A | Al vl
- 7 7 / 7~ 7 7 7 7
' 7 21 V1 7 Z 7 ZE7
hel 7 / /
@ 20 Al Al Al A1 Al A Al A1 7
el 7 7 Al VAl VA 17 21 VA1 W 7
S 4o0d Z 7 % 7 7 7 7 Z %
3 Al A A L Al A AL AL A
© 7 7 % 7 7 % % // // %
/ V) 7 7 7 7 7
21 VAl VAL VA | 7 A1 A 7
05 ZIW7 Z 7 AL D 1 Z 7
.0 - 7 g 7 Z g 7 g
ZIW7Z Z ZIRZIRZIBNZIN 717 2
AL A AL A AL Al AL AL A
/ . V. g / 7 /] / 7 %
7 Z 7 Z % / 7 7 /;/ 7 7
7/ % // { 7 7 4 / 7 / 1
0.0 A, . . . . . . . M

N
w
IN

5 6 7 8
Cycles

©
-
o

Fig. 8. Amount of Cd(II) adsorption and desorption with 10 cycles

ACKNOWLEDGEMENTS

This work was supported by NSF of China (No.

31170543) and partially supported by the Applied Basic
Research Project of Yancheng Institute of Technology (No.
XKR2011005).

REFERENCES

o —

10.

11.
12.

D.G. Barceloux, J. Toxicol. Clin. Toxicol., 37, 217 (1999).

EPA (US Environmental Protection Agency) Office of Solid Waste draft
PBT Chemical List, EPA/530/D-98/001A, Office of Solid Waste and
Emergency Response, Technology Innovation Office, Washington, DC
(1998)

U.S. Department of Health and Human Services, Toxicological Profile
for Cadmium. Pub. No. TP-92/06, Washington, DC (1992).

P.N. Cheremisinoff, N.P. Cheremisinoff, Carbon Adsorption for Pollution
Control, Editorial Prentice Hall (1993).

W. Ngah and A. Musa, J. Appl. Polym. Sci., 69, 2306 (1998).

J.R.R. Mendez, R.M. Zepeda and E.L. Ramos, J. Hazard. Mater., 162,
503 (2009)

A. Sabarudin, N. Lenghor, M. Oshimaa and S. Motomizu, Talanta, 72,
1609 (2007).

R.K. Katarina, M. Oshima and S. Motomizu, Talanta, 79, 1252 (2009).
N. Sankararamakrishnan, A.K. Sharma and R. Sanghi, J. Hazard.
Mater., 148, 353 (2007).

Y.S. Ho and G. Mckay, in eds.: L. Zhong and Y. Zhenhua, Proceedings
of the Fourth China-Japan-USA Symposium on Advanced Adsorption
Separation Science and Technology, May 13-16, South China University
of Technology Press, Guangzhou, China (1997).

J. Tellinghuisen, Biophys. Chem., 120, 114 (2006).

A.M. Donia, A.A. Atia and A.M. Heniesh, Sep. Purif. Technol., 60, 46
(2008).



