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Abstract.  The N-methyl-D-glucamine modified chitosan nanofiber was synthe-
sized using chitosan nanofiber. It was synthesized by reacting chitosan nanofiber 
with D-glucose and NaBH3CN to obtain D-glucamine-modified chitosan nano-
fiber, followed by the reaction with formic acid and formaldehyde. After swelling 
with water, the contained boron was removed by condensing with NaHCO3. The 
maximum value of boron adsorption was 12.8 mg g–1 (equilibrium concentration, 
Ce = 179 ppm) and the value was higher than non-nanofiber N-methyl-D-glu-
camine modified chitosan obtained in previous study.  
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1 Introduction 

Boron compounds, such as boric acid, are widely used in glass, ceramic, detergent, and 
other industries. Since the high boron concentration is toxic to living organisms, efflu-
ent standards are set when boron is discharged into water bodies [1]. The amount of 
boron in drinking water according to WHO guidelines is 2.4 mg L–1 [2]. Amberlite IRA 
743, which contains an N-methyl-D-glucamine functional group, is a well-known pol-
ymeric adsorbent for boron. This group is a type of ortho polyol, which consists of 
adjacent hydroxyl groups that adsorb boric acid and form an ester [3]. The problem is 
that the adsorbents cannot be naturally decomposed because they are mainly synthetic 
polymers. Therefore, it is necessary to develop a new adsorbent that is economical and 
environmentally friendly. Chitosan is a kind of natural polymer, easy to be chemically 
modified, environment-friendly, and biodegradable. Our previous reports showed the 
syntheses of glycosylated [4] and N-methyl-D-glucamine modified [5] chitosan-based 
boron adsorbents and their boron adsorption capacity. The maximum boron adsorption 
per weight of adsorbent was 5.8 mg g–1 for the former and 7.3 mg g–1 for the latter. The 
adsorption isotherms of the former followed the Langmuir model well, while the latter 
lacked reproducibility in the amount of adsorption. Additionally, chitosan nanofiber 
has been manufactured as a dispersed solution, and its specific surface area is 100 times 
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higher than that of general chitosan flake. In this study, we synthesized N-methyl-D-
glucamine modified chitosan from chitosan nanofibers to increase the amount of boron 
adsorption and measured its boron adsorption capacity.  

2 Experiments 

The synthesis of D-glucamine and N-methyl-D-glucamine modified chitosan nanofiber 
is depicted in Fig. 1. To synthesize the D-glucamine modified chitosan nanofiber, the 
procedure outlined in the literature [5, 6] was followed. Initially, 192 g of chitosan nan-
ofiber (2 wt% from Sugino Machine Ltd.), 1.2 g of acetic acid, and 120 mL of methanol 
were mixed and stirred until the chitosan nanofiber was dissolved. Then, a mixture of 
D-glucose (12.9 g) and NaBH3CN (10.2 g) in 86 mL of water was slowly added to the 
chitosan nanofiber solution while stirring. The resulting soft white solid was separated 
via vacuum filtration after being stirred for 24 hours and washed with methanol to yield 
the D-glucamine-modified chitosan nanofiber.  

The N-methyl-D-glucamine modified chitosan nanofiber was synthesized in accord-
ance with the procedure outlined in the literature [5, 7]. An amount of 14.6 g of D-
glucamine modified chitosan nanofiber was mixed with 26.3 mL of formic acid, 35.6 
mL of formaldehyde, and 158 mL of water. The mixture was heated to 70°C and kept 
at that temperature for 118 hours. The resulting solution was evaporated to reduce the 
water content and then dropped into a 3 mol L-1 NaOH solution. The N-methyl-D-glu-
camine-modified chitosan nanofibers were obtained in the form of beads. 

 

Fig. 1. Synthesis scheme of the D-glucamine and N-methyl-D-glucamine modified chitosan nan-
ofiber.  

To test the effectiveness of boron adsorption, solutions of Na2B4O7·10H2O were pre-
pared at concentrations of 200 ppm and 400 ppm (boron concentration). These boron 
solutions contained NaHCO3 equivalent to 0.5 mol L-1. N-methyl-D-glucamine modi-
fied chitosan nanofibers were then added to 20 mL of the solutions with varying con-
centrations of boric acid, with the initial concentration denoted as Ci [ppm as B]. The 
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mixture was agitated in an isothermal bath at 25°C for 24 hours. The equilibrium con-
centration of the filtrate was noted as Ce [ppm as B], and both Ci and Ce were deter-
mined using the azomethine H absorptiometric method [8]. The amount of boron ad-
sorbed was denoted as W [mg g-1] and calculated as W = (Ci-Ce) × volume of water [L] 
/ weight of adsorbent [g]. 

3 Results and Discussions 

The yielded N-methyl-D-glucamine modified chitosan nanofiber contained boron 
because NaBH3CN was used in the reaction to modify the chitosan nanofiber with D-
glucamine. The boron concentration increased when the N-methyl-D-glucamine modi-
fied chitosan nanofiber was used as is for boron adsorption experiments because boron 
was released without being adsorbed. The Boron desorption in acidic aqueous solutions 
was impossible because this material is readily soluble in acids. There is literature [9] 
on the insolubilization of acid-soluble chitosan by cross-linking with EGDE (ethylene 
glycol diglycidyl ether), but this material did not react with EGDE. This material could 
not even be washed with water because it swells in water and becomes a fragile gel. 
Fig. 2(a) shows the loss of liquid phase as the material swells as a gel. Since this mate-
rial precipitates in basicity, the boron was removed by condensing it once swollen with 
water and then adding NaHCO3 to bring the solution to 0.5 mol L–1. Fig. 2(b) shows 
the material precipitating as an irregularly shaped gel. This process of precipitation with 
NaHCO3 after swelling with water was repeated six times until no boron was detected 
in the filtrate. 

(a)        (b)  

Fig. 2. The N-methyl-D-glucamine modified chitosan nanofiber swollen with water (a) and pre-
cipitated with NaHCO3 (b).  

Fig. 3 shows Ce, equilibrium concentration, vs. W, the adsorbed amount of boron. 
The amount of boron adsorbed by the N-methyl-D-glucamine modified chitosan was W 
= 8.6 and 12.8 mg g–1 for Ce =56.7 and 179 ppm, respectively. While the conditions for 
boron solutions were not the same, these values were greater than the boron adsorption 
of Amberlite IRA 743 and non-nanofiber N-methyl-D-glucamine modified chitosan 
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obtained in previous study [5]. This result was caused by the large surface area of the 
nanofibered chitosan, which resulted in a large amount of modification to the N-methyl-
D-glucamine group, and efficient contact with the aqueous solution during boron ad-
sorption.  

 

Fig. 3. Adsorption of boron using N-methyl-D-glucamine modified chitosan nanofiber (filled 
circle). Solid line follows Langmuir model. Triangles and squares indicate the amount of boron 
adsorbed by Amberlite IRA 743 (dotted line follows Langmuir model) and N-methyl-D-glu-
camine modified chitosan from previous study [5], respectively. 

4 Conclusions 

The N-methyl-D-glucamine modified chitosan nanofiber was synthesized using chi-
tosan nanofibers. The maximum value of boron adsorption was 12.8 mg g–1 (Ce = 179 
ppm) and the value was higher than non-nanofiber N-methyl-D-glucamine modified 
chitosan obtained in previous study [5]. Using nanofibered chitosan as a base material 
can yield more highly functional adsorbent.  
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