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New modified chitosan Schiff base (EP-CS-SB) composite was prepared 
from the reaction of chitosan, epichlorohydrin and trans-cinnamaldehyde 
(molar ratio 1:1:1) and characterized by Fourier-transform infrared 
spectroscopy (FT-IR), ultraviolet–visible spectroscopy (UV-Vis), 
thermogravimetry and differential thermal analysis (TG-DTA), differential 
scanning calorimetry (DSC), X-ray diffraction (XRD) and scanning electron 
microscope (SEM) analysis. It was applied as a new adsorbent for removal 
of methyl green (MG) dye. The effects of different significant parameters, 
such as pH solution (2-10), adsorbent dosage (0.005, 0.01 and 0.02 g) and 
contact time (0 – 120 min) were explored. Results show that the adsorption 
process was depended on pH solution. The highest adsorption capacity of 
EP-CS-SB was obtained 98.47% at pH =8, 120 min, and 0.02 g of EP-CS-SB. 
EP-CS-SB was found to be a suitable candidate for removal of cationic dye. 
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Graphical Abstract 

 

 

Introduction 

In recent years, water pollution by various 

compound such as organic dyes and heavy 

metal ions, is a great threat for human health 

and environment [1‒6]. Organic dyes are 

cheap, more stable and also used to in various 

industries [1‒4] and can damages the balance 

of the ecosystem [2]. Until now, several 

techniques and various materials used to 

degradation and removal of organic dyes from 

aqueous solution [7‒22]. From the various 

techniques, the adsorption route is one of the 

most promising technique due to simple, highly 

efficient and low-cost [1‒4, 9‒14, 19]. Yin et al. 

[19] synthesized and used the magnetic 

CoFe2O4/rGO nanocomposites for methyl 

orange and methyl green dyes. Sahoo et al. [18] 

synthesized SrFe12O19 using sonochemical 

route and used to removal of malachite green 

as cationic dye. 

Chitosan, is eco-friendly and nontoxic [2], 

and is containing many amine and hydroxyl 

groups used as a good adsorbent for organic 

dyes removal [2‒5, 11‒14]. H2SO4 crosslinked 

magnetic chitosan nanocomposite beads 

prepare by Rahmi et al. [2] and used for 

removal of methylene blue. Results 

demonstrated that the maximum adsorption 

capacity is 20.408 mg/g. The maximum 

adsorption capacity of 189.44 mg/g for RB5 

has been reported using nano-ZnO/chitosan 

composite beads [4]. Chitosan easily modified 

by terephthaldehyde [23], glutaric acid [24] 

and epichlorohydrin [25], to improve its 

properties. 

Continuing the previous work [26‒28], new 

modified chitosan Schiff base (EP-CS-SB) 

(Scheme 1) was prepared and characterized. In 

addition, removal of methyl green from 

aqueous solution has been evaluated.  

Experimental 

Materials and methods 

All compounds were purchased from the 

Sigma-Aldrich Company. FT-IR spectrum was 

recorded using Perkin-Elmer FT-IR 

spectrophotometer. TG/DTA and DSC curves 

were recorded using Perkin-Elmer TG-DTA 

analyzer and DSC analyzer Model 60A 

(Shimadzu), respectively. XRD pattern was 

determined by Bruker AXS-D8 X-ray 
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diffractometer. SEM image was recorded on 

the TESCAN Vega Model scanning electron 

microscope. UV-Vis spectra were carried out 

with UV-Visible spectrophotometer (Perkin-

Elmer). 

Synthesis of EP-CS-SB 

1 g of chitosan was suspended in 25 mL of 

ethanol-glacial acetic acid (95:5 v/v) for 10 

min. Epichlorohydrin (1 mL in 10 mL ethanol) 

was added and the mixture was stirred for 6 h. 

Then, 2 mL trans-cinnamaldehyde was added 

dropwise and refluxed for about 12 h. The 

pale-yellow solids were filtered, washed and 

dried.  

 

Scheme 1. Preparation of modified chitosan Schiff base (EP-CS-SB) 

Adsorption experiments 

All adsorption experiments were carried 

out according to previous paper [26‒28]. To 20 

mL of methyl green solution with initial 

concentration of 40 mg/L, various dosages of 

EP-CS-SB (0.005, .01 and .02 g) were added. 

The solution was shacked and at various 

contact time, EP-CS-SB was centrifuged and 

UV-Vis spectrum was recorded. The removal 

percentage (%) was calculated using the 

Equation 1. 

R% = {(Ci-Ct) × 100} / Ci                              (1) 

Where Ci and Ct (mg/L) are the initial and 

final concentration of methyl green 

Results and Discussion 

Characterization of EP-CS-SB 

In the FT-IR spectrum of EP-CS-SB (Figure 

1), there are several peaks. The weak and 

broad peak at 2861 cm-1 is assigned to the C-H 

stretching [11, 26‒28]. The sharp peaks at 

about 1632 and 1060 cm-1, are assigned to the 

C=N iminic stretching [11, 26‒28] and C-O-C 

stretching in the pyranose ring [3, 4]. 

TG-DTA curves (Figure 2) illustrates that 

EP-CS-SB is stable until 75 °C. In the 1st stage 

(from 75 to 150 °C), it shows<5% of mass 

losses, corresponds to the ethanol molecules 

adsorbed on EC-CS-SB [29]. This stage is 

endothermic. In the temperature ranges of 

150-400 °C, EP-CS-SB shows mass losses of 

≈50%, attributed to the exothermic 

degradation of polymeric chain. Finally, mass 

losses of ≈17% happened from 400 to 825 °C, 

due to decomposition of residual crosslinked of 

EP-CS-SB [29]. 
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Figure 1. FT-IR spectrum of EP-CS-SB 

In the DSC thermogram (Figure 3), there are 

endothermic peak (84.5 °C) and exothermic 

peak (277.5 °C), assigned to the evaporation of 

ethanol molecules [26, 30], decomposition of 

polymeric chain [26, 30], respectively. 

In the XRD pattern of EP-CS-SB (Figure 4), 

there are two peaks at about 11.29° and 

20.48°. The peak at 11.29° confirm the 

modification of chitosan. The peak at 20.48 

confirmed the presence of chitosan [4, 14]. 

SEM image of EP-CS-SB depicted in Figure 5. It 

can be seen that the surface of EP-CS-SB is 

coarse and porous. 

 

Figure 2. TG-DTA curves of EP-CS-SB 
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Figure 3. DSC thermogram of EP-CS-SB 

 

Figure 4. XRD pattern of EP-CS-SB 

 

Figure 5. SEM image of EP-CS-SB 
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Adsorption studies 

The pH of solution is an important 

parameter to removal of methyl green dye [19, 

26, 27, 31‒39]. The maximum methyl green 

removal was observed in the pH of 6-8 like 

those reported for MG using CoFe2O4/rGO [19], 

activated carbon [34], activated bentonite [33], 

holloysite nanotube [36] and modified chitosan 

Schiff base [26]. The effect of initial pH (from 2 

to 10) on the removal percentage of MG shown 

in Figure 6. In the pH of 8, about 98.47% of 

methyl green has been removed, due to the 

electrostatic attraction of partial δ- surface 

charge of EP-CS-SB and the positive charge of 

methyl green [26].  

The effect EP-CS-SB dosages on the 

percentage removal of methyl green at 

different contact times are revealed in Figure 7. 

The methyl green removal is very fast at the 

beginning (1 min) of the reaction, due to the 

high active sites of EP-CS-SB. Also, by 

increasing of the EP-CS-SB dosage and the 

contact time, the percentage removal of MG 

was increased [26, 27, 30, 31]. 

The maximum of methyl green removal 

percentage (%) on the surfaces of EP-CS-SB, 

was compared with those reported in the 

similar papers using different adsorbent and 

shown in Table 1.  

 

Figure 6. Effect of initial pH on removal percentage of MG 

 

Figure 7. Effect of EP-CS-SB dosage and contact time on the percentage removal of MG 
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Table 1. Comparison of removal percentage (%) of MG using various adsorbents  
Adsorbent Removal (%) Dye concentration (ppm) References Time 

NiFe2O4/CNTs 30.8 60 [39] 120 
NiFe2O4/CNTs 51.9 100 [39] 120 
NiFe2O4/CNTs 59.4 140 [39] 120 

Holloysite nanotube 98 20 [36] 120 
Holloysite nanotube 94 41 [36] 120 

Silica gel/ZnO ≈100 20 [38] 100 
Chitosan Schiff base 95 40 [26] 60 
Activated bentonite 98 25 [33] 60 

EP-CS-SB 98.47 40 This paper 120 

 

Conclusions 

New modified chitosan Schiff base (EP-CS-

SB) was synthesized and characterized using 

various techniques. The FT-IR and XRD results 

confirmed the preparation of EP-CS-SB. The 

title compound EP-CS-SB was applied as an 

effective adsorbent for the removal of methyl 

green. The optimum condition for the methyl 

green removal were pH solution of 8, 0.02 g 

adsorbent dosage, initial concentration of MG 

is 40 ppm and 120 min contact time. At this 

condition, the maximum removed percentage 

of methyl green achieved up to 98.47%. 

Therefore, EP-CS-SB can be used as an 

environmentally friendly good adsorbent. 

Acknowledgments 

The authors acknowledge the Golestan 

University for supporting this work. 

Disclosure Statement 

No potential conflict of interest was reported 
by the authors. 

Orcid 

Aliakbar Dehno Khalaji : 0000-0002-8362-
5158  

 

 

References 

[1]. Pandey G., Singh D., Hitkari G. Int. Nano 

Lett., 2018, 8:111 [CrossRef], [Google Scholar], 

[Publisher] 

[2]. Rahmi., Ismaturrahmi., Mustafa I. 

Microchem. J., 2019, 144:397 [CrossRef], 

[Google Scholar], [Publisher] 

[3]. Yang D., Qiu L., Yang Y. J. Chem. Eng. Data, 

2016, 61:3933 [CrossRef], [Google Scholar], 

[Publisher] 

[4]. Cinar S., Kaynar U.H., Aydemir T., Kaynar 

S.C., Ayvacikli M. Int. J. Biol. Macromol., 2017, 

96:459 [CrossRef], [Google Scholar], 

[Publisher] 

[5]. Razzaz A., Ghorban S., Hosayni L., Irani M., 

Aliabadi M. J. Taiwan Inst. Chem. Eng., 2016, 

58:333 [CrossRef], [Google Scholar], 

[Publisher] 

[6]. Saad A.H.A., Azzam A.M., El-Wakeel S.T., 

Mostafa B.B., Abd El-latif M.B. Environ. 

Nanotech. Mon. Manag., 2018, 9:67 [CrossRef], 

[Google Scholar], [Publisher] 

[7]. Kornaros M., Kyberatos G. J. Haz. Mater., 

2006, 136:95 [CrossRef], [Google Scholar], 

[Publisher] 

[8]. Wang K., Guo J., Yang M., Junji H., Deng R. J. 

Haz. Mater., 2009, 162:1243 [CrossRef], 

[Google Scholar], [Publisher] 

[9]. Yagub M.T., Sen T.K., Afroze S., Ang H.M. 

Adv Coll Interface Sci., 2014, 209:172 

[CrossRef], [Google Scholar], [Publisher] 

https://www.orcid.org/0000-0002-8362-5158
https://www.orcid.org/0000-0002-8362-5158
https://doi.org/10.1007/s40089-018-0234-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pandey+G.%2C+Singh+D.%2C+Hitkari+G.+Int+Nano+Lett.%2C+2018%2C+8%3A111+&btnG=
https://link.springer.com/article/10.1007/s40089-018-0234-6
https://doi.org/10.1016/j.microc.2018.09.032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rahmi.%2C+Ismaturrahmi.%2C+Mustafa+I.+Microchem+J.%2C+2019%2C+144%3A397+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0026265X18308580
https://doi.org/10.1021/acs.jced.6b00706
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yang+D.%2C+Qiu+L.%2C+Yang+Y.+J+Chem+Eng+Data%2C+2016%2C+61%3A3933+&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.jced.6b00706
https://doi.org/10.1016/j.ijbiomac.2016.12.021
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cinar+S.%2C+Kaynar+U.H.%2C+Aydemir+T.%2C+Kaynar+S.C.%2C+Ayvacikli+M.+Int+J+Biol+Macromol.%2C+2017%2C+96%3A459+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813016328252
https://doi.org/10.1016/j.jtice.2015.06.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Razzaz+A.%2C+Ghorban+S.%2C+Hosayni+L.%2C+Irani+M.%2C+Aliabadi+M.+J+Taiwan+Inst+Chem+Eng.%2C+2016%2C+58%3A333+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1876107015002734
https://doi.org/10.1016/j.enmm.2017.12.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saad+A.H.A.%2C+Azzam+A.M.%2C+El-Wakeel+S.T.%2C+Mostafa+B.B.%2C+Abd+El-latif+M.B.+Environ+Nanotech+Mon+Manag.%2C+2018%2C+9%3A67+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2215153217301915
https://doi.org/10.1016/j.jhazmat.2005.11.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kornaros+M.%2C+Kyberatos+G.+J+Haz+Mater.%2C+2006%2C+136%3A95+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304389405007041
https://doi.org/10.1016/j.jhazmat.2008.06.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+K.%2C+Guo+J.%2C+Yang+M.%2C+Junji+H.%2C+Deng+R.+J+Haz+Mater%2C+2009%2C+162%3A1243&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304389408008807
https://doi.org/10.1016/j.cis.2014.04.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yagub+M.T.%2C+Sen+T.K.%2C+Afroze+S.%2C+Ang+H.M.+Adv+Coll+Interface+Sci.%2C+2014%2C+209%3A172+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0001868614001389
https://www.orcid.org/0000-0002-8362-5158


Z. Bashandeh & A.D. Khalaji                                                                                                                         250 

[10]. Wang J., Shao X., Zhang Q., Tian G., Ji X., 

Bao W. J. Mol. liq., 2017, 24b8:13 

[11]. Ke P., Zeng D., Xu K., Cui J., Li X., Wang G. 

ACS Omega, 2020, 5:24700 [CrossRef], [Google 

Scholar], [Publisher] 

[12]. Zhai L., Bai Z., Zhu Y., Wang B., Luo W. 

Chin. J. Chem. Eng., 2018, 26:657 [CrossRef], 

[Google Scholar], [Publisher] 

[13]. Vakili M., Rafatullah M., Salamatinia B., 

Abdullah A.Z., Ibrahim M.Z., Tan K.B., Gholami 

Z., Amouzegar P. Carbohydr. Polym., 2014, 

113:115 [CrossRef], [Google Scholar], 

[Publisher] 

[14]. Yuvaraja G., Chen D.Y., Pathak J.L., Long J., 

Subbaiah M.V., Wen J.C., Pan C.L. Int. J. Biol. 

Macromol., 2020, 146:1100 [CrossRef], [Google 

Scholar], [Publisher] 

[15]. Moradnia F., Taghavi Fardood S., 

Ramazani A., Min B.K., WooJoo S., Varma R.S. J. 

Clean. Prod., 2021, 288:125632 [CrossRef], 

[Google Scholar], [Publisher] 

[16]. Ajormal F., Moradnia F., Taghavi Fardood 

S., Ramazani A. J. Chem. Rev., 2020, 2:90 

[CrossRef], [Google Scholar], [Publisher] 

[17]. Taghavi Fardood S., Moradnia F., 

Ghalaichi A.H., Danesh Pajouh S., Heidari M., 

Nonochem. Res., 2020, 5:69 [CrossRef], [Google 

Scholar], [Publisher] 

[18]. Sahoo J.K., Konar M., Rath J., Kumar D., 

Sahoo H., Sep. Sci. Technol., 2020, 55:415 

[CrossRef], [Google Scholar], [Publisher] 

[19]. Yin W., Hao S., Cao H., RSC Adv., 2017, 

7:4062 [CrossRef], [Google Scholar], 

[Publisher] 

[20]. Mahmoodi N.M. Mat. Res. Bull., 2013, 

48:4255 [CrossRef], [Google Scholar], 

[Publisher] 

[21]. Alizadeh N., Mahjoub M., J. Nanoanalysis, 

2017, 4:8 [CrossRef], [Google Scholar], 

[Publisher] 

[22]. Taghavi Fardood S., Moradnia F., Moradi 

S., Forootan R., Yekke Zare F., Heidari M., 

Nanochem. Res., 2019, 4:140 [CrossRef], 

[Google Scholar], [Publisher]  

[23]. Yuvaraja G., Pang Y., Chen D.Y., Kong L.J., 

Mehmood S., Subbaiah M.V., Rao D.S., Pavuluri 

C.M., Wen J.C., Reddy G.M. Int. J. Biol. Macromol., 

2019, 136:177 [CrossRef], [Google Scholar], 

[Publisher] 

[24]. Matinez-Mejia G., Vazquez-Torres N.A., 

Castell-Rodriguez A., del Rio J.M., Corea M., 

Jimenez-Juarez R. Coll. Surf. A, 2019, 

579:123658 [CrossRef], [Google Scholar], 

[Publisher] 

[25]. Yan Y., Yuvaraja G., Liu G., Kong L., Guo K., 

Reddy G.M., Zyryanov G.V. Int. J. Biol. 

Macromol., 2018, 117:1305 [CrossRef], [Google 

Scholar], [Publisher] 

[26]. Sanati M., Khalaji A.D., Mokhtari A., 

Keyvanfard M. Prog. Chem. Biochem. Res., 2021, 

4:319 [CrossRef], [Google Scholar], [Publisher] 

[27]. Bashandeh Z., Khalaji A.D. Adv. J. Chem. A, 

2021, 4:270 [CrossRef], [Google Scholar], 

[Publisher] 

[28]. Foroughnia A., Khalaji A.D., Kolvari E., 

Koukabi N. Int. J. Biol. Macromol., 2021, 177:83 

[CrossRef], [Google Scholar], [Publisher] 

[29]. Lal S., Arora S., Kumar V., Rani S., Sharma 

C., Kumar P. J Therm Anal Calorim., 2018, 

132:1707 [CrossRef], [Google Scholar], 

[Publisher] 

[30]. Hassan M.A., Omer A.M., Abbas E., Baset 

W.M., Tamer T.M. Sci. Rep., 2018, 8:11416 

[CrossRef], [Google Scholar], [Publisher] 

[31]. Azmi W., Sani R.K., Banerjee U.C. Microb. 

Technol., 1998, 22:185 [CrossRef], [Google 

Scholar], [Publisher] 

[32]. Fleischmann C., Lievenbrück M., Ritter H. 

Polymers, 2015, 7:717 [CrossRef], [Google 

Scholar], [Publisher] 

[33]. Maghni A., Ghelamallah M., Benghalem A. 

Acta Phys Pol A, 2017, 132:448 [CrossRef], 

[Google Scholar], [Publisher] 

https://doi.org/10.1021/acsomega.0c03274
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+of+Quaternary+Ammonium+Salt-Modified+Chitosan+Microspheres+and+Their+Application+in+Dyeing+Wastewater+Treatment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+of+Quaternary+Ammonium+Salt-Modified+Chitosan+Microspheres+and+Their+Application+in+Dyeing+Wastewater+Treatment&btnG=
https://pubs.acs.org/doi/full/10.1021/acsomega.0c03274
https://doi.org/10.1016/j.cjche.2017.08.015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhai+L.%2C+Bai+Z.%2C+Zhu+Y.%2C+Wang+B.%2C+Luo+W.+Chin+J+Chem+Eng.%2C+2018%2C+26%3A657+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1004954117302045
https://doi.org/10.1016/j.carbpol.2014.07.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+Vakili+M.%2C+Rafatullah+M.%2C+Salamatinia+B.%2C+Abdullah+A.Z.%2C+Ibrahim+M.Z.%2C+Tan+K.B.%2C+Gholami+Z.%2C+Amouzegar+P.+Carbohydr+Polym.%2C+2014%2C+113%3A115+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0144861714006729
https://doi.org/10.1016/j.ijbiomac.2019.09.236
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yuvaraja+G.%2C+Chen+D.Y.%2C+Pathak+J.L.%2C+Long+J.%2C+Subbaiah+M.V.%2C+Wen+J.C.%2C+Pan+C.L.+Int.+J.+Biol.+Macromol.%2C+2020%2C+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yuvaraja+G.%2C+Chen+D.Y.%2C+Pathak+J.L.%2C+Long+J.%2C+Subbaiah+M.V.%2C+Wen+J.C.%2C+Pan+C.L.+Int.+J.+Biol.+Macromol.%2C+2020%2C+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813019346008
https://doi.org/10.1016/j.jclepro.2020.125632
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moradnia+F.%2C+Taghavi+Fardood+S.%2C+Ramazani+A.%2C+Min+B.K.%2C+WooJoo+S.%2C+Varma+R.S.+J+Cleaner+Prod.%2C+2021%2C+288%3A125632+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S095965262035678X
https://doi.org/10.33945/SAMI/JCR.2020.2.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+Ajormal+F.%2C+Moradnia+F.%2C+Taghavi+Fardood+S.%2C+Ramazani+A.+J+Chem+Rev.%2C+2020%2C+2%3A90+&btnG=
https://www.jchemrev.com/article_100853.html
https://doi.org/10.22036/ncr.2020.01.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Facile+green+synthesis+and+characterization+of+zinc+oxide+nanoparticles+using+tragacanth+gel%3A+investigation+of+their+photocatalytic+performance+for+dye+degradation+under+visible+light+irradiation&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Facile+green+synthesis+and+characterization+of+zinc+oxide+nanoparticles+using+tragacanth+gel%3A+investigation+of+their+photocatalytic+performance+for+dye+degradation+under+visible+light+irradiation&btnG=
https://www.nanochemres.org/article_114525.html
https://doi.org/10.1080/01496395.2019.1577267
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sahoo+J.K.%2C+Konar+M.%2C+Rath+J.%2C+Kumar+D.%2C+Sahoo+H.%2C+Sep+Sci+Technol.%2C+2020%2C+55%3A415+&btnG=
https://www.tandfonline.com/doi/abs/10.1080/01496395.2019.1577267
https://doi.org/10.1039/C6RA26948F
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solvothermal+synthesis+of+magnetic+CoFe2O4%2FrGO+nanocomposites+for+highly+efficient+dye+removal+in+wastewater&btnG=
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c6ra26948f
https://doi.org/10.1007/s11814-015-0198-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+nanostructured+adsorbent+and+dye+adsorption+modeling+by+an+intelligent+model+for+multicomponent+systems&btnG=
https://link.springer.com/article/10.1007/s11814-015-0198-4
https://doi.org/10.22034/jna.2017.01.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=emoval+of+Crystal+violet+Dye+from+Aqueous+Solution+Using+Surfactant+Modified+NiFe2O4+as+Nanoadsorbent%3B+Isotherms%2C+Thermodynamics+and+kinetics+Studies&btnG=
https://jnanoanalysis.tms.iau.ir/article_531007.html
https://doi.org/10.22036/ncr.2019.02.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Taghavi+Fardood+S.%2C+Moradnia+F.%2C+Moradi+S.%2C+Forootan+R.%2C+Yekke+Zare+F.%2C+Heidari+M.%2C+Nanochem+Res.%2C+2019%2C+4%3A140+&btnG=
https://www.nanochemres.org/article_114525_010ee81ac8658444963281dae7e4a7ee.pdf
https://doi.org/10.1016/j.ijbiomac.2019.06.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yuvaraja+G.%2C+Pang+Y.%2C+Chen+D.Y.%2C+Kong+L.J.%2C+Mehmood+S.%2C+Subbaiah+M.V.%2C+Rao+D.S.%2C+Pavuluri+C.M.%2C+Wen+J.C.%2C+Reddy+G.M.+Int+J+Biol+Macromol.%2C+2019%2C+136%3A177+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813018361464
https://doi.org/10.1016/j.colsurfa.2019.123658
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B24%5D.+Matinez-Mejia+G.%2C+Vazquez-Torres+N.A.%2C+Castell-Rodriguez+A.%2C+del+Rio+J.M.%2C+Corea+M.%2C+Jimenez-Juarez+R.+Coll+Surf+A%2C+2019%2C+579%3A123658+%5BCrossRef%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S092777571930634X
https://doi.org/10.1016/j.ijbiomac.2018.05.204
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yan+Y.%2C+Yuvaraja+G.%2C+Liu+G.%2C+Kong+L.%2C+Guo+K.%2C+Reddy+G.M.%2C+Zyryanov+G.V.+Int+J+Biol+Macromol.%2C+2018%2C+117%3A1305+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yan+Y.%2C+Yuvaraja+G.%2C+Liu+G.%2C+Kong+L.%2C+Guo+K.%2C+Reddy+G.M.%2C+Zyryanov+G.V.+Int+J+Biol+Macromol.%2C+2018%2C+117%3A1305+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813017350535
https://doi.org/10.22034/pcbr.2021.285530.1186
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fast+removal+of+methyl+green+from+aqueous+solution+by+adsorption+onto+new+modified+chitosan+Schiff+base&btnG=
https://www.pcbiochemres.com/article_131616.html
https://doi.org/10.22034/ajca.2021.285520.1259
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bashandeh+Z.%2C+Khalaji+A.D.+Adv+J+Chem+A%2C+2021%2C+4%3A270+%5B&btnG=
https://www.ajchem-a.com/article_133377.html
https://doi.org/10.1016/j.ijbiomac.2021.02.068
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Foroughnia+A.%2C+Khalaji+A.D.%2C+Kolvari+E.%2C+Koukabi+N.+Int+J+Biol+Macromol.%2C+2021%2C+177%3A83+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141813021003469
https://doi.org/10.1007/s10973-018-7147-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lal+S.%2C+Arora+S.%2C+Kumar+V.%2C+Rani+S.%2C+Sharma+C.%2C+Kumar+P.+J+Therm+Anal+Calorim.%2C+2018%2C+132%3A1707+&btnG=
https://link.springer.com/article/10.1007/s10973-018-7147-5
https://doi.org/10.1038/s41598-018-29650-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation%2C+physicochemical+characterization+and+antimicrobial+activities+of+novel+two+phenolic+chitosan+Schiff+base+derivatives&btnG=
https://www.nature.com/articles/s41598-018-29650-w
https://doi.org/10.1016/S0141-0229(97)00159-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azmi+W.%2C+Sani+R.K.%2C+Banerjee+U.C.+Microb+Technol.%2C+1998%2C+22%3A185+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azmi+W.%2C+Sani+R.K.%2C+Banerjee+U.C.+Microb+Technol.%2C+1998%2C+22%3A185+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0141022997001592
https://doi.org/10.3390/polym7040717
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fleischmann+C.%2C+Lievenbr%C3%BCck+M.%2C+Ritter+H.+Polymers%2C+2015%2C+7%3A717+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fleischmann+C.%2C+Lievenbr%C3%BCck+M.%2C+Ritter+H.+Polymers%2C+2015%2C+7%3A717+&btnG=
https://www.mdpi.com/2073-4360/7/4/717
http://doi.org/10.12693/APhysPolA.132.448
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Maghni+A.%2C+Ghelamallah+M.%2C+Benghalem+A.+Acta+Phys+Pol+A%2C+2017%2C+132%3A448+%5BCrossRef&btnG=
file:///C:/Users/YasanNet/Downloads/Sorptive_Removal_of_Methyl_Green_fr.pdf


An efficient removal of methyl green dye by adsorption …                                                                                                   251                            

[34]. Rida K., Chaibeddra K., Cheraitia K. Ind. J. 

Chem. Technol., 2020, 27:51 [Google Scholar], 

[Publisher] 

[35]. Lamia M., Fatiha D., Bouchekara., Ayada D. 

Orient. J. Chem., 2016, 32:171 [CrossRef], 

[Google Scholar], [Publisher]  

[36]. Vergas-Rodriquez Y.M., Obaya A., Garcia-

Petronilo J.E., Vergas-Rodriquez G.I., Gomez-

Cortes A., Tavizon G., Chavez-Carvayar J.A. Am. 

J. Nanomater., 2021, 9:1 [CrossRef], [Google 

Scholar], [Publisher]  

[37]. Abbas M., Aksil T., Trari M. Desal. Water 

Treat., 2018, 125:93 [Google Scholar], 

[Publisher] 

[38]. Mahmoud N.M.R., El-Moselhy M.M., 

Alkhaldi M.A. Desal. Water Treat., 2019, 

258:385 [Google Scholar] 

[39]. Baghat M., Farghali A.A., El-Rouby W., 

Khedr M., Mohassab-Ahmed M.Y. Appl. 

Nanosci., 2013, 3:251 [CrossRef], [Google 

Scholar], [Publisher] 

How to cite this manuscript: Zahra 

Bashandeh, Aliakbar Dehno Khalaji*. An 

efficient removal of methyl green dye by 

adsorption onto new modified chitosan 

Schiff base. Journal of Medicinal and 

Nanomaterials Chemistry, 5(3) 2023, 243-

251. DOI: 10.48309/JMNC.2023.3.7 

 

 

 

 

 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Rida+K.%2C+Chaibeddra+K.%2C+Cheraitia+K.+Ind+J+Chem+Technol.%2C+2020%2C+27%3A51+%5BCrossRef%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://nopr.niscpr.res.in/handle/123456789/54026
https://doi.org/10.13005/ojc/320118
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lamia+M.%2C+Fatiha+D.%2C+Bouchekara.%2C+Ayada+D.+Orient+J+Chem.%2C+2016%2C+32%3A171+%5BCrossRef&btnG=
https://www.proquest.com/docview/2121709873?pq-origsite=gscholar&fromopenview=true
https://doi.org/10.12691/ajn-9-1-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vergas-Rodriquez+Y.M.%2C+Obaya+A.%2C+Garcia-Petronilo+J.E.%2C+Vergas-Rodriquez+G.I.%2C+Gomez-Cortes+A.%2C+Tavizon+G.%2C+Chavez-Carvayar+J.A.+Am+J+Nanomater.%2C+2021%2C+9%3A1+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vergas-Rodriquez+Y.M.%2C+Obaya+A.%2C+Garcia-Petronilo+J.E.%2C+Vergas-Rodriquez+G.I.%2C+Gomez-Cortes+A.%2C+Tavizon+G.%2C+Chavez-Carvayar+J.A.+Am+J+Nanomater.%2C+2021%2C+9%3A1+&btnG=
https://www.researchgate.net/profile/Adolfo-Obaya-Valdivia/publication/351334489_Adsorption_Studies_of_Aqueous_Solutions_of_Methyl_Green_for_Halloysite_Nanotubes_Kinetics_Isotherms_and_Thermodynamic_Parameters/links/6091ae07299bf1ad8d789f00/Adsorption-Studies-of-Aqueous-Solutions-of-Methyl-Green-for-Halloysite-Nanotubes-Kinetics-Isotherms-and-Thermodynamic-Parameters.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abbas%2C+M.%2C+Aksil%2C+T.+and+Trari%2C+M.%2C+2018.+Removal+of+toxic+methyl+green+%28MG%29+in+aqueous+solutions+by+apricot+stone+activated+carbon-equilibrium+and+isotherms+modeling.+Desalination+and+water+Treatment%2C+125%2C+pp.93-101.&btnG=
https://www.cabdirect.org/cabdirect/abstract/20193068712
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mahmoud%2C+N.M.%2C+El-Moselhy%2C+M.M.+and+Alkhaldi%2C+M.A.%2C+2019.+Remediation+of+methyl+green+dye+from+aqueous+solution+via+adsorption+and+degradation+using+silica+gel+modified+with+hydrated+zinc+oxide+catalyst.+Desalin+Water+Treat%2C+158%2C+pp.385-397.&btnG=
https://doi.org/10.1007/s13204-012-0127-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Baghat+M.%2C+Farghali+A.A.%2C+El-Rouby+W.%2C+Khedr+M.%2C+Mohassab-Ahmed+M.Y.+App+Nanosci.%2C+2013%2C+3%3A251&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Baghat+M.%2C+Farghali+A.A.%2C+El-Rouby+W.%2C+Khedr+M.%2C+Mohassab-Ahmed+M.Y.+App+Nanosci.%2C+2013%2C+3%3A251&btnG=
https://link.springer.com/article/10.1007/s13204-012-0127-3
https://doi.org/10.48309/JMNC.2023.3.7

