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ABSTRACT: Modification of lignocellulosic materials, e.g.,
cotton stalks, bagasse, and rice straw, by incorporation of ami-
doxime group for ion exchange is investigated. The uptake of
metal ions Cu, Cr, Ni, and Fe by these modified lignocellulosic
materials is measured. Amidoximated bagasse has higher effi-
ciency toward metal ions uptake than amidoximated cotton
and rice straw. The effect of different variables, e.g., metal ion
concentration, temperature of metal ion solution, and time of
steeping, on the efficiency of the amidoximated (bagasse raw
material, unbleached bagasse, and bleached bagasse) ion ex-

changers toward metal ions uptake is tested. The molecular
structure of the prepared amidoxime from bagasse and its
pulps is studied by using infrared spectroscopy. New bands
appeared at 1661 and 916 cm�1 in the spectra of amidoximated
bagasse and its pulps ion exchangers due to the formation of
CAN and NOOH groups. The thermal properties of these ion
exchangers is also studied. © 2006 Wiley Periodicals, Inc. J Appl
Polym Sci 102: 303–311, 2006
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INTRODUCTION

Ion exchangers are broadly employed for treatment of
process water and waste water. Agricultural residues
have been examined for potential use as ion exchang-
ers. The lignocellulosic materials themselves have low
ion exchange or adsorption property as well as poor
physical stability. For this reason, different methods
have been developed, such as chemical modifica-
tions,1–4 copolymerization, and crosslinking5–7 to in-
crease their ion exchange or adsorption efficiency.
Also, incorporation of phosphate, sulfate, or carboxy-
late groups to lignocellulosic materials increases their
efficiency toward cation exchangers. Various cellulose
derivatives have been used as ion exchangers or che-
late resin because of their hydrophilic character. Der-
ivatization of the agricultural residues aimed to pro-
duce chelating anoin or cation exchangers. Among
these derivatives, cellulose amidoxime can adsorb
copper and chromium ions from their solutions.8,9

Wastewater from dyes manufacturing and textile-dye-
ing industries, as well as paper and pulp mills contain
appreciable amounts of metal ions and/or colored
matters. They must be treated so as to lower the level
of pollutant content before being disloaded into re-
ceiving streams. The processes for color removal from
industrial effluent include biological treatment, coag-
ulation, floatation, adsorption, oxidation, and hyper-

filtration. Among these treatments, adsorption has at-
tracted a considerable interest as feasible procedure
for removing color from the effluent. Many agricul-
tural by-products are able, eventually after chemical
treatment, to recover metal ions by adsorption. Re-
cently, recovery of metal ions from wastewater can be
achieved by using modified cellulose by complexing
group involving an amine functional groups.10–12

The purpose of this work was to study the efficiency
of amidoximated cotton stalk, rice straw, bagasse, and
its unbleached and bleached pulp towards Cu, Cr, Ni,
and Fe ions uptake. The molecular structure of some
amidoximated materials (bagasse and its pulps) was
studied by using infrared spectroscopy. Also, the ther-
mal properties of these materials were studied.

EXPERIMENTAL

The raw materials used in this study were bagasse raw
material, unbleached kraft bagasse pulp, bleached
kraft bagasse pulp, cotton stalk, and rice straw raw
materials. Bagasse raw material and unbleached kraft
bagasse pulp were obtained from Edfo Paper Mill,
Kenna, Egypt. The chemical analysis of the material are
shown in Table I. All samples were ground to 200 �m.

Preparation of cyanoethylated samples

Cyanoethylation of lignocellulosic materials was per-
formed as described previously.8 The nitrogen content
of the cyanoethylated samples was 9.18, 10.49, and
13.63% for bagasse raw material, unbleached kraft bag-
asse pulp, and bleached kraft bagasse pulp, respectively.

Correspondence to: A. M. A. Nada (amnada46@yahoo.com).

Journal of Applied Polymer Science, Vol. 102, 303–311 (2006)
© 2006 Wiley Periodicals, Inc.



Amidoximation of the cyanoethylated materials

Amidoximation of cyanoethylated materials was carried
out using 10% w/w hydroxylamine at 80°C for 3 h. After
the complete reaction, samples were washed with deion-
ized water till neutrality and then dried at 60°C. The
nitrogen content of cyanoethylated and amidoximated
samples was determined by using Kjeldhal method. The
nitrogen content of amidoximated bagasse raw material,
unbleached kraft bagasse pulp, and bleached kraft bag-
asse pulp was 10.78, 12.04, and 13.9%, respectively.

Infrared spectroscopy was carried out using KBr
disc technique by JASCO FTIR 3006 (Fourier Trans-
form Spectrophotometer).

Thermal analysis was carried out using a Perkine–
Elmer Thermogravimetric Analyzer, TGA-7. All ex-
periments of thermal analysis were conducted under
nitrogen atmosphere at a heating rate of 10°C/min.

The ion exchangers were steeped in 25-mL solution
containing metal ions of different concentrations for
different times. Then, after steeping, filtration was
carried out. The metal ion absorbed by amidoximated
samples, in the filtrate, were measured using ICP-AES.

RESULTS AND DISCUSSION

Metal ion adsorption

The adsorption of metal ions by amidoximation of
different agricultural wastes (rice straw, bagasse, and
cotton stalks) from their solutions occur at pH 6. This
pH is suitable for the amidoximated material for metal
ion adsorption.8,12 The affinity of bleached pulp and
cyanoethylated bleached pulp toward metal ions ad-
sorption is nearly nil. So, the amidoximated materials
as ion exchangers for metal ions adsorption were stud-
ied. The ion exchange properties of the amidoximated
materials were studied in a solution containing differ-
ent metal ions (Cr, Fe, Cu, and Ni) of pH 6. The effect
of different variables, e.g., metal ions concentration,
metal ions solution temperature, and steeping time, on
the efficiency of amidoximated materials toward
metal ions adsorption was investigated.

Metal ions uptake of amidoximated different
lignocelulosic material

Ion exchangers (0.1 g) were stirred in 25 mL of solu-
tion containing mixture of metal ions of 20 ppm for 30

min. After stirring, the mixture was filtered and the
remaining metal ions in the filtrate were measured.
Table II shows the metal ions uptake by amidoximated
rice straw, cotton stalks, and bagasse raw materials.
From the table, it is clear that the metal ions uptake by
amidoximated bagasse raw material has a higher
value than that by amidoximated rice straw and cot-
ton stalks. This may be due to the higher nitrogen
content, i.e. higher amidoxime functional groups. On
the other hand, the rice straw amidoxime has a lower
tendency to absorb metal ion due to its higher ash and
lower cellulose content than bagasse and cotton stalks.
Also, from the table, it is clear that the different metal
ions were adsorbed by ion exchanger with in quanti-
ties. So, it is seen from the table that the Fe and Cu ions
were adsorbed in higher amounts than the Cr and Ni
ions. This adsorbance tendency of these ions is also
possibly dependent on the softness of ion species as
well as intrinsic and coulombic interaction.5

Effect of metal ions concentration on the efficiency
of ion exchanger toward metal ion uptake

Figure 1 shows the adsorbed metal ions uptake by
different amidoximated bagasse pulps. From the fig-
ure, it is clear that the amidoximated bagasse raw
material has a lower efficiency for Cr, Fe, Cu, and Ni
adsorption than that in the case of amidoximated un-
bleached and bleached bagasse pulp. This can be due
to the higher lignin content, which may decrease cya-
noethylation and amidoximation extent of bagasse
raw material and also due to the lower nitrogen con-
tent, and consequently, the amidoxime content. On the
other hand, the amidoximated unbleached bagasse

TABLE I
Chemical Constituent of Different Lignocellulosic Materials

Material
Lignin

(%)
Hemicellulose

(%)
Cellulose

(%) Ash (%)

Bagasse 20.7 27.2 44.8 1.2
Unbleached kraft bagasse pulp 6.8 26.4 63.5 1.07
Bleached kraft bagasse pulp �1 25.1 70 1.1
Rice straw 17.5 16.2 39 14.1
Cotton stalks 27 18.4 43 1.55

TABLE II
Metal Ions Uptake by Different Amidoximated

Lignocellulosic Materials Ion Exchanger

Cr
(�mol/g)

Fe
(�mol/g)

Cu
(�mol/g)

Ni
(�mol/g)

Amidoximated
bagasse 0.6 44.6 31.7 15

Amidoximated
cotton stalks 7.2 39.8 26.9 10.9

Amidoximated
rice straw 6.1 35 24.1 8.2
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pulp has a tendency toward metal ions uptake as
nearly as that in the case of amidoximated bleached
bagasse. From the figure, it can also be shown that the
adsorption of metal ions by ion exchangers increases
by increasing the concentration of metal ions. The
adsorbed amount of metal ions by ion exchangers is

different from one metal to another. For example, Fe
and Cu are more adsorbed than Cr and Ni. The re-
duced stability of ion exchangers to bind with the
metal ions is probably due to both steric and electronic
effect. Boyd et al.13 concluded that the ion exchanger
adsorption affinities are determined by the magnitude

Figure 1 Effect of metal ion concentration on the efficiency of different amidoximated ion exchangers. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com.]
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of the charge and the hydrated radius of metal ions. In
addition, a semihard acid of the metal ions has a high
effect on its absorption by ion exchangers.

Effect of temperature of metal ions solution on the
efficiency of ion exchangers toward metal ions
uptake

Figure 2 shows the effect of metal ion solution tem-
perature (20, 45, 70°C) on the absorption efficiency of
ion exchangers. It is clear from the figure that, increas-
ing metal ions solution temperature enhances the ef-
ficiency of ion exchangers toward metal ions uptake.
The temperature of metal ions solution affects two

major aspects of adsorption; the equilibrium position
in relation with exothermic of the adsorption phenom-
ena and the swelling capacity of the absorbent. So, the
increase in the temperature increases the swelling of
the ion exchanger and this causes the increase in pen-
etration of metal ions through the fiber of ion ex-
changer. Also, increase in temperature increases the
mobility of metal ions in solution and this causes the
increase of metal ions uptake by ion exchangers.

Effect of stirring time

Time of stirring of ion exchange resin in metal ion
solution plays an important role on its efficiency to-

Figure 2 Effect of temperature of metal ions solution on the efficiency of ion exchangers toward metal ions uptake. [Color
figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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ward metal ion uptake. Figure 3 shows the effect of
contact time of amidoximated bagasse raw material
and amidoximated unbleached and bleached bagasse
pulp. The experiment was carried out using metal ion
concentration 20 ppm (pH 6) at 20°C and at different
time intervals (30, 60, 90 min). From the figure, it can
be seen that the increase of steeping time of the resin
in metal ions solution from 30 to 60 min increases the
metal ions uptake by ion exchangers. This can be
attributed to the increase in chelation between the
metal ions and amidoximated functional groups. In-
creasing the steeping time of resin in metal ions solu-
tion from 60 to 90 min does not significantly affect the
amount of metal ions uptake by the ion exchangers.

Infrared spectra

Infrared spectra of cyanoethylated and
amidoximated bagasse pulp

Infrared spectra of bleached bagasse pulp, cyanoethy-
lated and amidoximated bleached bagasse pulp is
shown in Figure 4. From the figure, a new band ap-
peared in the cyanoethylated pulp at 2152 cm�1,
which is characteristic to cyano group. On the other
hand, three new bands appeared at 2152, 1161, and
918 cm�1 in the amidoximated bagasse pulp. The
bands are characteristic to the OC'N, OCAN and
NOOH groups. The relative absorbance (ratio of band
intensity at any wavenumber/band intensity at 1325

Figure 3 Effect of stirring time on the efficiency of ion exchanger toward metal ion uptake. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]
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cm�1)12,14 of cyano group in amidoximated pulp (0.8)
has a lower value than that in the case of cyanoethy-
lated pulp (1.23) due to the formation of oxime as
shown in the following equations:

Cell-OH�CH2ACHOCN3

CellOOOCH2OCH2OCN (1)

Cell-OH�CH2ACH2OCN � NH2OH3

CellOOOCH2OCH2OCANOOH
P
NH2

(2)

The ratio of band intensity at 2930 cm�1, character-
istic to the CH vibration of CH2, to band intensity at
3430 cm�1, characteristic to OH group, in case of of
cyanoethylated (0.85) and amidoximated (0.8) pulp is
higher than that in case of untreated pulp (0.68). This
ratio has a lower value in case of amidoximated pulp
than the cyanoethylated pulp due to the increase of
OH intensity resulted from the formation of oxime
CANOOH. This is clear in the eqs. (1) and (2). Also,
the relative absorbance of the band at 1120 cm�1,
characteristic to ether linkage, in case of cyanoethyl-
ated (0.75) and amidoximated pulp (0.74) is higher
than that of the untreated pulp (0.59), as shown in
Table III, due to the formation of ether linkage in the

cyanoethylated and amidoximated pulp [eqs. (1) and
(2)].

Effect of lignin removal on the spectra of
amidoximated pulps

Infrared spectra of amidoximated bagasse raw mate-
rial, amidoximated unbleached bagasse pulp, and
bleached bagasse pulp are shown in Figure 5. From the
figure, it is clear that the relative absorbance of the bands
at wavenumber 1161 and 917 cm�1, characteristic to
oxime group, in the case of amidoximated bleached bag-
asse pulp has a higher value than that in the case of
amidoximated bagasse raw material and unbleached
bagasse pulp (Table IV). These results were confirmed
by the higher nitrogen content of amidoximated
bleached bagasse pulp than the other two amidoximated
materials. Also, it is clear from the figure that, the rela-
tive absorbance of cyano group at wavenumber 2152
cm�1 in case of amidoximated bleached bagasse pulp
has a lower value than the other amidoximated pulps.
This means that the cyanoethylated bleached bagasse
pulp is more reactive toward amidoximation than the
cyanoethylated bagasse raw material and unbleached
bagasse pulp. Also, it is seen that the relative absorbance
of cyano group in amidoximated unbleached bagasse
pulp is lower than that in the case of amidoximated
bagasse raw material. This is attributed to the higher

Figure 4 Infrared spectra of (1) bleached bagasse pulp, (2)
cyanoethylated bleached bagasse pulp, and (3) amidoxi-
mated bleached bagasse pulp.

TABLE III
Relative Absorbance of Different Bands of Untreated, Cyanoethylated and Amidoximated Bleached Bagasse Pulp

Material
OC'N

2152 cm�1
OCAN

1161 cm�1
ONOOH
916 cm�1

Ratio of band intensity 2920
CH2/band intensity 3430 OH

OOO
1120 cm�1

Untreated bleached pulp — — — 0.68 0.59
Cyanoethylated pulp 1.23 — — 0.86 0.74
Amidoximated pulp 0.8 1.56 0.99 0.80 0.75

Figure 5 Infrared spectra of (1) amidoximated bagasse raw
materials, (2) amidoximated unbleached bagasse pulp, and
(3) amidoximated bleached bagasse pulp.
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lignin content in bagasse raw material (20.6%) than that
in the unbleached pulp (6.8%). This higher lignin content
causes a retardation of cyanoethylation and amidoxima-
tion, because it causes a hardness for the pulp, and
consequently, the penetration rate of chemicals through
the fiber of bagasse decreases.

Infrared spectra of amidoximated different raw
materials

Infrared spectra of different amidoximated raw mate-
rials, bagasse, cotton stalks, and rice straw raw mate-
rials, are shown in Figure 6. All amidoximated raw ma-
terials have two bands at 1161 and 917 cm�1 due to the
formation of oxime groups CAN and ONOOH. The
relative absorbance of these two bands has the highest
value in case of amidoximated bagasse (2.1 and 1.01),
while it has the lowest value in case of amidoximated
rice straw (1.57 and 0.99). In case of amidoximated cotton
stalks, the relative absorbance of these two bands lies
between 1.93 and 0.89. These results were parallel with
the value of nitrogen content of the amidoximated ma-
terials. It was 10.78, 8.85, and 6.2% for amidoximated
bagasse, cotton stalks, and rice straw, respectively. The
low nitrogen content of amidoximated rice straw means
that the reactivity of rice straw toward amidoximation is
lower than that in the case of bagasse and cotton stalks.

This is attributed to the higher ash content of rice straw
(13.8%) than bagasse (1.03%) and cotton stalks (1.34%).
On the other hand, the relative absorbance of CH2 band
at 2920 cm�1 has a lower value in case of amidoximated
rice straw (1.307) than that in case of amidoximated
cotton stalks (1.381) and amidoximated bagasse (1.412)

Thermal properties of bagasse and its derivatives

TG curves of bleached bagasse pulp and its
derivatives

Thermogravimetric curves of bleached bagasse pulp,
cyanoethylated bleached bagasse pulp and amidoxi-
mated bleached bagasse pulp are shown in Figure 7.
From the figure, it is clear that the minor decomposi-
tion temperature were 210, 295, and 240°C for
bleached bagasse pulp, cyanoethylated bleached bag-
asse pulp, and amidoximated bleached bagasse pulp
with weight loss 7.5, 5.5, and 6%, respectively. The
major decomposition temperatures were 330, 390, and
310°C for bleached bagasse pulp and cyanoethylated
and amidoximated bleached bagasse pulp, respec-
tively. The weight loss at these major decomposition
temperature was 84, 71, and 75%. This means that
the cyanoethylation of bleached bagasse pulp in-
creases its resistance toward thermal degradation.
The amidoximation of bleached bagasse pulp en-
hances its resistance toward thermal degradation
with lower degree than cyanoethylation. Thus, the
amidoximation of bleached bagasse pulp increases
its efficiency toward metal ions uptake and its re-
sistance toward thermal degradation. The increase
in the thermal stability of cyanoethylated samples is
ascribed to the dipole association of side groups and
the formation of crosslinks between the cyanoethyl
molecules.15

Thermal behavior of amidoximated different bagasse
pulps

Thermogravimetric curves of amidoximated bagasse
raw material and amidoximated unbleached and
bleached bagasse pulps is shown in Figure 8. After
initial loss of moisture at 100–120°C, loss of actual
weight of amidoxime ion exchangers occurred. This

TABLE IV
Relative Absorbance and Nitrogen Content of Different Amidoximated

Bagasse Pulps Material

Relative Absorbance

Nitrogen
(%)

1162 cm�1

OCAN
917 cm�1

ONOOH
2152 cm�1

CAN

Amidoximated bleached bagasse pulp 1.56 0.996 0.8 13.9
Amidoximated unbleached bagasse pulp 1.48 0.963 0.82 12
Amidoximated bagasse raw material 1.27 0.957 0.873 10.78

Figure 6 Infrared spectra of (1) amidoximated bagasse raw
materials, (2) amidoximated cotton stalks raw materials, and
(3) amidoximated rice straw raw materials.
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loss is attributed to actual pyrolysis by minor decom-
position reaction at about 280, 260, and 240°C for
amidoxime bagasse raw material, amidoxime un-
bleached bagasse pulp, and amidoxime bleached bag-
asse pulp, respectively. The major decomposition deg-

radation proceeded at 340, 325, and 310°C for ami-
doximated bagasse raw material, amidoximated
unbleached and bleached bagasse pulps, respectively.
The major and minor decomposition temperatures of
amidoximated bagasse raw material are higher than

Figure 7 TG curves of (a) bleached bagasse pulp, (b) cyanoethylated bleached bagasse pulp, and (c) amidoximated bleached
bagasse pulp. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Figure 8 TG curves of amidoximated (a) bagasse raw material, (b) unbleached bagasse pulp, and (c) bleached bagasse pulp.
[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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that in case of amidoximated bagasse pulp. This can be
attributed to the presence of high lignin content in
amidoximated bagasse raw material (20.4%), which
causes a crosslinking between the chemical constitu-
ents of bagasse (cellulose, hemicellulose, and lignin).
Moreover, lignin is considered a cemented and adhe-
sive materials, which increases the adhesion force be-
tween cellulose and hemicellulose.

CONCLUSIONS

Three new bands in the infrared spectra at wave-
number 2152, 1161, and 917 cm�1 were formed due to
amidoximation of lignocellulosic materials.

Cyanoethylation and amidoximation increase the
resistance of lignocellulosic material toward thermal
degradation.

The amidoximated bagasse resin has a higher effi-
ciency toward metal ions uptake than amidoximated
rice straw and cotton stalks.

Adsorption of Fe and Cu ions by ion exchangers
(unbleached and bleached bagasse pulp) is more than
Cr and Ni.
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