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ABSTRACT 
 Bagasse raw material and bleached bagasse pulp was used to prepare carbamoyl ethyl and  
Carboxylated cellulose ion exchangers. The effect of presence of lignin in the bagasse on the 
properties of the produced resin was estimated. The effect of cross linking on the properties of the 
carbamoyl ethyl and carboxyl cellulose was investigated. The molecular structure of the produced 
resin is followed by using infrared spectroscopy. Anew band was seen at wavenumber 2152 cm-1 
and a shoulder at 3140 cm-1 which are characteristic to the cyano group in cyanoethylated cellulose 
and to amino group in the carbamoyl ethyl cellulose. Also, a band was formed at 1715 cm-1 by 
hydrolysis of cyanoethyl or carbamoyl ethyl cellulose and was characteristic to carboxyl group. A 
thermal gravimetric of the produced resin was investigated. The cyanogroup and carbamoyl group 
increases the resistance of cellulose towards thermal treatment. The efficiency of the produced resin 
toward metal ion uptake (Cu, Ni and Cr) from solution was studied.  exchangers.  
         
INTRODUCTION 
       Ion exchanger can be defined as highly insoluble material containing some characteristic 
groups. If these ionizable groups are acidic as carboxymethyl cellulose 1, cellulose phosphate 2-3, 
cellulose phosphosulfonate 4 and cellulose sulfate 5-6 the resin is called cation exchangers. If these 
groups are basic e.g. 1ry, 2nd and 3ry amine or quaternary ammonium group, the resin is called 
anion exchangers.  Crosslinking of cellulose prior chemical modification may be used to control 
swelling and permit high degree of substitution 7- 8. Oxidized cellulose in which the resin contains 
carboxyl groups 9- 10, amidoximated 11- 12 and carbamoyl ethyl cellulose 13, 14 can be used as an ion 
exchange resin. Cation exchangers can be used in many applications like protein isolation, 
fractionation and chromatography. Also, it can be used in wastewater treatment, removal of heavy 
metals from waste water and capturing Hg from effluent streams. 
The aim of this work is to prepare carboxylate and carbamoyl ethyl cellulose ion exchange resin. 
The effect of the presence of lignin on the properties of the produced resin was also investigated. 
Infrared spectroscopy as well as the thermal analysis of the prepared resins were studied. 
 
EXPERIMENTAL 
Materials 
      The raw materials used in this study are bagasse raw material and bleached bagasse pulp. They 
have the following analyses: 
 

Material α - cellulose % Hemicellulose % Lignin % Ash % 
Bagasse raw material 41.50 27.20 20.40 1.80 
Bleached bagasse pulp 78.40 24.20 0.00 1.00 

 
Preparation  of cyanoethyl and carbamoyl ethyl cellulose 
  Cyanoethyl cellulose was prepared according to (1). 10 gm of bagasse raw material or bleached 
bagasse pulp was steeped in 30% NaOH for 15 minute. Then, filter and press till the weight of the 
produced alkaline cellulose reaches 20 gm. After that, 15 ml of acrylonitryl was added with stirring 
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to the alkaline cellulose under reflux and heating at 40 OC for 40 minute. After the reaction stopped, 
the resulting pulp was washed with 10% acidified water and methanol till neutrality and then air 
dried. 
Carbamoyl ethyl cellulose was prepared as in case of cyanoethyl cellulose. 15 gm of acrylamide 
was dissolved in 20 ml of 10% NaOH. The dissolved acrylamide was added to alkaline cellulose 
under reflux and heating at 50 OC for 90 minutes. The resulting pulp was washed with 10% 
acidified water and methanol till neutrality and then air dried. 
Nitrogen content was determined for cyanoethyl cellulose and carbamoyl ethyl cellulose by Kejldal 
method. 
 
Hydrolysis of cyanoethyl and carbamoyl ethyl cellulose  
The material was refluxed in presence of 5% NaOH for 180 minutes at 50 OC. Acidified water was 
added and the carboxylate precipted material was washed with methanol and then air dried. 
Crosslinking of carboxylated and carbamoyl cellulose was carried out. For every 0.5 gm of the 
sample 10 ml of epichlorohydrine and 10 ml of ammonium hydroxide solutions were added for 60 
minute at room temperature.  
 
Metal ion adsorption 
0.2 g of the carboxylated or carbamoyl ethyl cellulose was stirred with 40 ml of the aqueous 
solution containing mixture from different metal ions of copper, nickel and chromium for 30 minute 
at room temperature. The suspension was filtrated and the metal ions were determined in the filtrate 
using an ICP- AES Jobin Yvon J4 spectrometer. 
 
Fourier transforms infrared (FTIR) analysis 
Infrared spectra of bagasse raw material, bleached bagasse pulp, cyanoethyl, carbamoyl cellulose 
and hydrolysed cellulose were obtained by using JASCO FTIR 800 E spectrometer. The samples 
were measured using KBr disc technique.  
 
Thermogravimetric analysis   
A Perkin Elmer thermogravimetric analyzer was used to study the thermal properties of the bagasse, 
bleached bagasse pulp and their derivatives. The heating rate was set at 10 OC/ min over a 
temperature range of 50- 500 OC. Measurements were carried out in a nitrogen atmosphere, with a 
rate of flow of 50 cm3 / min. 
 
RESULTS AND DISCUSSION 
 
Infrared spectroscopy of cyanoethyl and carbamoyl ethyl cellulose and their hydrolysis 
Figure 1 shows infrared spectra of cyanoethyl and carbamoy ethyl of bagasse raw material and 
bleached bagasse pulp. The relative absorbance of bands was calculated as the band intensity at the 
subsequent wavenumber to the band intensity of the wavenumber at ≅ 1325 cm-1 that corresponds to 
the – CH rocking of the ring 15. From Figure 1 it is clear that as a result of cyanoethylation of 
bagasse and bleached bagasse pulp a new band was formed at 2152 cm-1 of the nitrile group –CN 
appeared. The relative absorbance of this band for cyanoethylated bleached bagasse pulp is higher 
than that in case of cyanoethylated bagasse raw material. This can be attributed to the presence of 
lignin in bagasse raw material. Whereas, two bands appeared at (1500- 1600 cm-1) which represents 
–CH vibration of aromatic and near 1425 cm-1 is related to aromatic skeletal vibrations combined 
with –CH in plane deformation. Also, the higher of the crystallinity index, ratio of the band 
intensity at 1425 cm-1 to that at 900 cm-1, of bagasse raw material than bleached bagasse pulp16. In 
addition, the rate of flow of the cyanethylated chemicals through the bagasse fiber is less than that 



 

 3

8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

in case of bleached bagasse pulp. This can be confirmed by the higher nitrogen content of 
cyanoethylated bleached bagasse pulp (7.5%) than cyanoethylated bagasse raw material (5.6%) 
(Table I). Also, due to cyanoethylation, it is seen from the same table that, the ratio of CH2/ OH of 
cyanoethylated bagasse materials is higher than the untreated one. This is due to the increase of CH2 
group in cyanoethylated material due to cyanethylation reaction. In addition, the band intensity of 
OH group at 3420 cm-1 is decreased while the band intensity at 2920 cm-1 of CH2 group is 
increased by cyanoethylation as expressed by the following equation: 
 
               R – OH + CH2 = CH- CN   →  R- O – CH2 – CH2 – CN 
                                                                                                                                                                                   

TABLE I 
Relative Absorbance Iintensity, Crystallinity Index and Nitrogen Content of Bgasse Raw Material, Bleached 

Bagasse Pulp and their Derivatives. 
 

Material ACH / A OH  Relative absorbance 
of -CN band cm-1 

Nitrogen content 
% 

Crystallinity index 

Bagasse raw material 0.58 - - 1.40 
Bleached bagasse pulp 0.60 - - 1.20 
Cyanoethylated bagasse raw 
material 

0.67 0.60 5.6  

Cyanoethylated bleached bagasse 
pulp 

0.62 0.66 7.5  

   
 
In case of the carbamoyl ethylated cellulose, infrared spectra shows the same trend as in case of  
cyanoethylated cellulose Figure 2. From the Figure, it is seen that the ratio of CH2/ OH in 
carbamoyl ethylated cellulose has a higher value than that in untreated cellulose. Also, this ratio has 
a higher value in case carbamoyl ethylated bagasse raw material Table 2. On the other hand, a new 
shoulder band was formed at 3140 cm-1 characteristic to –NH2 of amide group in the carbamoyl 
ethylated cellulose as expressed by the following equation.        
 
                    R- OH +  CH2 = CH – CONH2    →  R-O-CH2-CH2-CONH2 
 
The relative absorbance of NH2 group is higher in case of carbamoyl ethylated bleached bagasse 
pulp than carbamoyl ethylated bagasse raw material. This in agreement with the higher nitrogen 
content of carbamoyl ethylated bagasse raw material (Table2).  
 

TABLE 2 
Relative Absorbance Intensity and Nitrogen Content of Bgasse Raw Material Bleached Bagasse Pulp and their 

Derivatives. 
 

Material ACH / A OH  Relative absorbance 
of –NH2 band cm-1 

Nitrogen content 
% 

Bagasse raw material 0.58 - - 
Bleached bagasse pulp 0.60 - - 
Carbamoyl ethylated bagasse raw 
material 

0.57 0.35 4.8 

Carbamoyl ethylated bleached 
bagasse pulp 

0.62 0.42 5.2 

 
Hydrolysis of cyanoethylated and carbamoyl ethylated cellulose 
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Figure 3 shows the infrared spectra of hydrolyzed cyanoethylated bagasse raw material and 
bleached bagasse pulp. By hydrolysis the band of nitrile (-CN) group disappeared and a new 
shoulder band at 1715 cm-1 which characterized the appeared carboxyl group. Also, the relative 
absorbance of this shoulder band is higher in case of hydrolyzed cyanoethylated bleached bagasse 
pulp (0.54) than that in case of bagasse raw material (0.50) (Table III). In addition, a new band is 
formed at 1160 cm-1 which represents amino group and at 1645 cm-1 which characterizes an amide 
group as expressed by the following equation.  
           R-O-CH2-CH2-CN   →  R-O-CH2-CH2-COOH + R-O-CH2-CH2-CONH2 
 
From the same Figure, the hydrolysis of carbamoyl ethylcellulose shows the band at 3140 cm-1 
which characterizes the amide (- NH2) group in carbamoyl ethyl derivatives disappeared and a new 
shoulder band at 1715 cm-1 which characterizes carboxyl group appeared. The intensity of the band 
at 1715 cm-1 in case of hydrolyzed carbamoyl ethylated bleached bagasse pulp is higher than that in 
case of bagasse raw material (Table 4). 
 

TABLE 3 
Relative Absorbance Intensity and Nitrogen Content of Cyanoethylated Bgasse Raw Material, Cyanoethylated 

Bleached Bagasse Pulp and their Derivatives. 
 
Material Relative 

absorbance of -
CN band cm-1 

Relative absorbance 
of –NH2 band cm-1 

Relative absorbance 
of –COOH band 
cm-1 

Nitrogen 
content % 

Cyanoethylated  bagasse  0.60 - - 5.6 
Cyanoethylated bleached bagasse 
pulp 

0.66 - - 7.5 

Hydrolysed cyanoethylated 
bagasse  

-  0.50 - 

Hydrolysed cyanoethylated 
bleached bagasse pulp 

- 0.22 0.54 0.55 

 
  

TABLE 4 
Relative Absorbance Intensity and Nitrogen Content of Carbamoyl Ethylated Bagasse Raw Material, Carbamoyl 

Ethylated Bleached Bagasse Pulp and their Derivatives. 
 
Material Relative absorbance of 

–NH2 band cm-1 
Relative absorbance of 
–COOH band cm-1 

Relative 
absorbance of –
CON band cm-1 

Nitrogen 
content 
% 

Carbamoyl ethylated bagasse  0.35 - 0.42 4.8 
Carbamoyl ethylated bleached 
bagasse pulp 

0.42 - 0.54 5.2 

Hydrolysed carbamoyl ethylated 
bagasse  

- 0.38 - 0.06 

Hydrolysed carbamoyl ethylated 
bleached bagasse pulp 

- 0.43 - 0.1 

Hydrolyzed cyanoethylated 
bleached bagasse pulp 

0.22 0.34 - 0.55 

 
  
Ion exchange properties of cyanoethylated cellulose. 
The efficiency of cyanoethylated, carbamoyl ethylated bagasse raw material, bleached bagasse pulp 
and their hydrolyses towards metal ion uptake (Cr, Ni and Cu) were investigated. Figure 4 shows 
the metal ion uptake (M mole/g) by different derivatives of bagasse and bleached bagasse pulp. As 



 

 5

8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

shown from this Figure, although the higher nitrogen content of cyanoethylated bleached bagasse 
pulp than cyanoethylated bagasse raw material, the hydrolysed cyanoethylated bagasse raw material 
has higher efficiency toward metal ion uptake than the hydrolysed cyanoethylated bleached bagasse 
pulp. This means that, hydrolyzed cyanoethylated bleached bagasse pulp has higher carboxylic 
group consequently, in presence of metal ion solution hydrolyzed cyanoethylated bleached bagasse 
pulp swellsl and a part of it is dissolved in the solution.  
By using epichlorohydrin as a cross linker for hydrolyzed cyanoethylated bleached bagasse pulp 
causes stability of this resin towards swelling and dissolving. So, the use of cross linker increases 
the efficiency of the resin towards metal ion uptake and the quantity of the metal ion uptake by 
cross linker hydrolyzed cyanoethylated bleached bagasse pulp is increased more than that uptake by 
hydrolyzed cyanoethylated bagasse raw material (Fig. 5). The variation in the absorption of Cu, Ni 
and Cr by the ion exchange resin depends not only on the radius of the ion but also on the electro 
negativity of these ions. Also, the binding ability of the ion exchanger with metal ions depends on 
the steric and electronic of the metal ion 17. 
 
 
   Ion exchange properties of carbamoyl ethylated cellulose. 
Figure 6 shows the metal ion uptake by carbamoyl ethylated bagasse raw material and carbamoyl 
ethylated bleached bagasse pulp. From this Figure, it is seen that the metal ion uptake by the 
carbamoyl ethylated bleached bagasse pulp (Cr, Ni and Cu) is lower than that in case of carbamoyl 
ethylated bagasse raw material. This is due to the higher swelling of carbamoyl ethylated bleached 
bagasse pulp than that in case of bagasse raw material. On the other hand from Figure 6 the 
carbamoyl ethylated bleached bagasse pulp has higher absorption of metal ion than hydrolysed 
carbamoylethylated bleached bagasse pulp. Hydrolyses of the produced carbamoyl ethylated 
bleached bagasse pulp lowers its affinity towards metal ion absorption. This is due to the swelling 
process of the hydrolyzed bleached bagasse pulp. Cross linking of the carbamoyl ethylated and 
hydrolyzed carbamoyl ethylated bleached bagasse pulp increases their absorption of metal ions 
compared with carbamoyl ethylated bleached bagasse pulp (Fig. 7). On the other hand, cross linking 
the hydrolyzed carbamoyl ethylated bleached bagasse pulp has higher affinity towards metal ion 
uptake than the cross linked carbamoyl bleached bagasse pulp.  
Figure 8 shows the metal ion uptake by the hydrolyzed cyanoethylated and hydrolyzed carbamoyl 
ethylated bleached bagasse pulp and their cross linking. From this Figure, it is clear that the 
hydrolyzed cyanoethylated bleached bagasse pulp has lower absorption of metal ion than the 
hydrolyzed carbamoyl ethylated bleached bagasse pulp. This can be due to more carboxylic groups 
in the hydrolyzed carbamoyl ethylated than hydrolyzed cyanoethylated bleached bagasse pulp. This 
can be confirmed by the higher relative absorbance of –COOH of hydrolyzed carbamoyl ethylated 
than the hydrolyzed cyanoethylated bleached bagasse pulp (Table 4). Also, the crosslinked 
hydrolyzed carbamoyl ethylated bleached bagasse pulp absorb metal ions more than hydrolyzed 
cyanoethylated bleached bagasse pulp. 
 
Thermal analyses 
Thermal decomposition of bagasse raw material and bleached bagasse pulp were investigated. 
Figure 9 shows TG curves of bagasse raw material and bleached bagasse pulp. Firstly, about 8-9% 
weight loss at 90- 110 OC this is due to the evaporated moisture content. The onset temperature of 
the minor decomposition stage begins at 250 OC and 300 OC for bleached bagasse pulp and bagasse 
raw material, whereas, the weight loss were 11 and 10% respectively. Moreover, the onset 
temperature of major decomposition temperature was occurred at 325 and 365 OC accompanied 
with weight loss 62 and 78 % for bleached and bagasse raw material respectively.  
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The bleached bagasse pulp has a minor and major decomposition temperature less than that in case 
of bagasse raw material. This is due to the lower crystallinity index and the presence of lignin in the 
bagasse raw material. Whereas, presence of lignin in the raw material increases the crystallinity of 
cellulose chain and increases the adhesive force between cellulose, hemicellulose and lignin. Also, 
lignin has higher resistance for thermal decomposition than cellulose. So, bleached bagasse pulp has 
less thermal stability(18). 
Figure 10 shows the TG curves of bleached bagasse pulp, cyanoethylated and hydrolyzed 
cyanoethylated bleached bagasse pulp. From the Figure it is seen that, 9% weight loss begins at 80- 
110 OC due to the moisture evaporation from the pulp. In addition, the cyanoethylated bleached 
bagasse pulp has a lower minor and major decomposition temperature at 250 OC and 360 OC 
respectively, than bleached and hydrolyzed cyanoethylated bleached bagasse pulp. This is due to 
the presence of cyanogroup in the pulp which increases its thermal stability. So, the weight loss is 
6% and 78% at minor and major decomposition temperature respectively in case of cyanoethylated 
bleached bagasse pulp (Table 5). From this Table, it is clear that the weight loss in the hydrolyzed 
cyanoethylated bleached bagasse pulp at minor decomposition temperature is higher than that in 
case of bleached bagasse pulp. This is due to cellulose degradation which occurs during hydrolyzes 
of cyanoethylated bleached bagasse pulp.  
 

TABLE 5 
Minor and Major Decomposition Temperature of Bleached, Cyanoethylated and Hydrolyzed Cyanoethylated 

Bleached Bagasse Pulp. 
 

Material Minor decomposition 
temperature OC 

Weight 
loss% 

Major decomposition 
temperature OC 

Weight 
loss% 

Cyanoethylated bleached bagasse 
pulp 

280 6 360 78 

Hydrolyzed cyanoethylated bleached 
bagasse pulp  

255 15 300 62 

Bleached bagasse pulp 250 11 325 60 
     
 
   Table 6 gives the minor and major decomposition temperature of cyanoethylated, carbamoyl 
ethylated and hydrolyzed carbamoyl ethylated bleached bagasse pulp. It is seen that the major 
decomposition temperature of cyanoethylated bleached bagasse pulp is higher than that of 
carbamoyl ethylated and hydrolyzed carbamoyl ethylated bleached bagasse pulp (Fig. 11). Also, 
hydrolyzed carbamoyl ethylated bleached bagasse pulp has weight loss at minor and major 
decomposition temperature higher than carbamoyl ethylated bleached bagasse pulp (Fig. 12). 
 
   

TABLE 6 
Minor and Major Decomposition Temperature of Cyanoethylated, Hydrolyzed Carbamoyl Ethylated and 

Hydrolyzed Carbamoyl Ethylated Bleached Bagasse Pulp. 
 

Material Minor decomposition 
temperature OC 

Weight 
loss% 

Major 
decomposition 
temperature OC 

Weight 
loss% 

Cyanoethylated  bleached bagasse pulp 280 6 360 78 
Carbamoyl ethylated bleached bagasse 
pulp  

255 15 300 62 

Hydrolyzed carbamoyl ethylated bleached 
bagasse pulp 

250 11 325 60 

 
Conclusion 



 

 7

8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

Infrared spectra show two new bands at 2152 and 3140 cm-1 which are characterized to -CN and -
NH2 groups in cyanoethylated and carbamoyl ethylated bleached bagasse pulp. Band intensity ratio 
of CH2/ OH for cyanoethylated and carbamoyl ethylated bleached bagasse pulp is higher than that 
of bleached bagasse pulp. Metal ion uptake by hydrolyzed cyanoethylated bleached bagasse pulp is 
lower than that hydrolyzed cyanoethylated bagasse raw material. Cross linking of hydrolyzed 
cyanoethylated and carbamoyl ethylated bleached bagasse pulp increases their efficiencies toward 
metal ion uptake. Incorporation of cyanoethyl or carbamoyl ethyl group in the pulp increases its 
resistance toward thermal degradation. Hydrolyses of cyanoethylated or carbamoyl ethylated group 
decreases the resistance of the pulp towards thermal degradation. 
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