[bookmark: _Hlk528673257]Electronic Supplementary Material
 for Cellulose

[bookmark: _Hlk131441729][bookmark: _Hlk120631014][bookmark: OLE_LINK1][bookmark: OLE_LINK2]All-biomass Cellulose/Casein Adsorbent Fabricated via the "Green Solvent System" of Ionic Liquid for the Efficient Removal of Cu(II), Cd(II) and Pb(II)

[bookmark: _Hlk129160232]Liwei Qian() · Haonan Chen · Sufeng Zhang() · Yuxuan Yang · Lulu Zhang · Miaoxiu Yang · Wenqi Song() · Valentin Nica

L. Qian() · H. Chen · S. Zhang() · Y. Yang
College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science and Technology, Xi'an, 710021, China
e-mail : qianliwei@mail.nwpu.edu.cn
S. Zhang
e-mail : zhangsufeng@sust.edu.cn
L. Zhang
Institute of Land Engineering and Technology, Shaanxi Provincial Land Engineering Construction Group Co., Ltd, Xi'an, 710021, China
M. Yang
China National Pulp & Paper Research Institute Co.,Ltd., Beijing, 100102, China
W. Song()
Xi'an Key Laboratory of Advanced Photo-Electronics Materials and Energy Conversion Device, School of Electronic Information, Xijing University, Xi'an, 710123, China
e-mail :songwenqi0123@163.com
V. Nica
[bookmark: _Hlk129160247]Department of Physics, “Alexandru Ioan Cuza” University of Iasi, Iasi, 700506, Romania


1. Experimental Methods and Details
1.1. Measurement of Mechanical Properties
Mechanical tests on cylindrical hydrogel samples (15 mm diameter, 30 mm height) were performed at room temperature using a 0.5 KN load cell at a compression rate of 10 mm min-1. Rectangular hydrogel samples (15 mm wide, 3 mm deep and 35 mm long) were mechanically tested at room temperature using a 0.5 KN load cell with a tensile rate of 50 mm min-1. At least three hydrogels were measured for each sample.
1.2. Adsorption Experiments
All adsorption experiments were conducted in glass bottles. Except for special instructions, adsorption experiments were carried out by adding 20 mg of adsorbent to 10 mL of aqueous heavy metal ion solutions. After the specified adsorption time, the samples were removed directly from the solutions, and the metal ion concentrations of the solutions were determined using inductively coupled plasma optical emission spectrometry (ICP-AES). The adsorption capacity at equilibrium (Qe) was calculated using Eq. (1) given below:
	
	(1)


where C0 and Ce are the initial and equilibrium metal ion concentrations in solution (mg L −1); V is the solution volume; and m is the mass (g) of the adsorbent.
The 2000 mg L-1 metal ion solutions with initial pH from 2 to 7.4 were prepared to clarify the impact of solution pH on Cu(II), Cd(II) and Pb(II) adsorption.
 The kinetic and isotherm experiments for Cu(II), Cd(II) and Pb(II) were carried out at pH 6, 7 and 7, respectively. In the kinetic experiments, the adsorption time of heavy metal ion solution with an initial concentration of 2000 mg L-1 ranged from 5 to 150 min. In the isotherm study, the initial concentrations ranged from 100 to 2400 mg L-1 with 120 min. 
In addition, to evaluate the removal effect of CE/CA at different concentrations, we performed adsorption at a starting concentration of heavy metal ions, and the remaining concentration in the solution was checked by ICP-AES.
Eight cycles of Cu(II), Cd(II) and Pb(II) adsorption and desorption were carried out to evaluate the reusability of CE/CA composite hydrogel, and the removal rate (Ƞ, %) was used to illustrate the separation ability of adsorbents. In each cycle, 20 mg the metal-loaded CE/CA composite was added to 0.1 M HCl to desorb heavy metal ions for 2 h at 30°C. Finally, the adsorbent was washed with deionized water until neutral for next cycle of adsorption experiment.
 The removal rate (Ƞ, %) was calculated using the following equation: 
	
	(1)


where C0 and Ct (mg/L) are the initial and total heavy metal ion concentrations, respectively.


2. Figures and Tables
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Figure S1. Pseudo-first-order (a-c), pseudo-second-order (d-e).
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Figure S2. Langmuir (a-c), Freundlich (d-f), Temkin (g-i).


Table S1  Summary report of specific surface area and pore properties.
	Adsorbents
	Specific surface area (m2 g-1)
	Total pore volume (cm3 g-1)
	Average pore diameter (nm)

	CE
	154.97
	0.53
	11.85

	CE/CA 1
	129.42
	0.40
	11.98

	CE/CA 2
	126.09
	0.37
	12.28

	CE/CA 3
	109.54
	0.33
	13.75



Table S2  Comparison of Cu2+, Cd2+ and Pb2+ adsorption capacity from the literature by cellulose derivative adsorbents.
	Adsorbents
	Adsorption capacity (mg/g)
	References

	
	Cu2+
	Cd2+
	Pb2+
	

	Guanyl modified cellulose
	83.0
	68.0
	52.0
	(Kenawy et al., 2018)

	Chitosan/cellulose nanofibers
	112.6
	-
	57.3 
	(Phan et al., 2018)

	Waste paper/chitosan aerogel
	156.3
	-
	-
	(Li et al., 2018)

	Ethylenediaminetetraacetic acid modified hydroxyethyl cellulose
	77.1
	-
	109.6
	(Jilal et al., 2018)

	Carboxymethyl cellulose/ polyacrylamide composite hydrogel
	227.3
	256.4
	312.5
	(Godiya et al., 2019)

	Graphene oxide/cellulose composite hydrogel
	65.1
	-
	80.9
	(Yao et al., 2019)

	Cellulose-g-N-isopropylacrylamide-co-glycidyl methacrylate copolymer
	82.9
	-
	119.8
	(Kumar et al., 2019)

	Thiol-functionalized cellulose nanofiber membrane
	49.0
	45.9
	22.0
	(Choi et al., 2020)

	Polyethyleneimine-bacterial cellulose
	148.0 
	-
	141.0
	(Jin et al., 2017)

	Xanthate-functionalized cellulose
	-
	151.51
	295.2
	(Qu et al., 2020)

	CE/CA composite hydrogels
	232.6 
	270.3
	306.6
	This work
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