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1. Characterization
1.1 Regeneration Study

Regeneration of adsorbents is a vital consideration in advanced industrial wastewater
applications, due to both economic demands and severe ecological for sustainability purposes 1.
Therefore, an advantage of GO cross-linked materials developed in this study is a facile separation
process and efficient regeneration over multiple adsorption cycles.

The desorption of MB from GO and GO-LCTS sorbents was conducted using a mixture of
dilute HCI and ethanol (1:1, v/v), until the pH of the washing solution reaches neutral pH. This
solvent system represents an inexpensive option for the release of MB and regeneration of sorbent
materials 2. The desorption cycle was followed by drying of the material at 40°C for 24 h and
repeated adsorption through three separate MB adsorption experiments.

As shown in Figure S1, the sorbent materials maintain high removal efficiency toward MB
with a minor decline across the first to the third cycle. After the third cycle, the MB removal
percentage is preserved up to 88.60 % and 86.85 % for GO-LCTS and GO respectively.

This regeneration study reveals that the novel GO-based materials can effectively regenerated and

re-used at least for three adsorption-desorption cycles.
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Figure S1. Adsorption—desorption cycles of GO-LCTS (blue bar), and GO (orange bar) for
MB systems.

Table S1. Literature comparison of adsorption capacities of various carbon-based adsorbents
toward MB in aqueous solution.

Adsorbent MB Adsorption capacity (mg/g) | Reference
Carbon nanotube ponytails (CNPs) 150 3
CNTs 46.2 4
Multiwalled Carbon 399 5
Graphene 153.9 6
Graphene—Fes04 composite 190.1 7
Graphene-Fe;04/SiO> 97 8
Graphene based hydrogel 139.2 9
Graphene oxide 389.8 10
GO 243.90 11
GO-cyclodextrin-chitosan- FezO4 84 12
GO-CS-Fe;04 95 13
GO-Fe;304 167 14
GO/Co0304 nanocomposite 40 15
rGO-Co0304 208.8 16
Magnetic reduced graphene oxide loaded hydrogels 119 17
rGO-PEGDMA 60 17
Magnetic GO-carboxymethyl chitosan 95.16 18
3D rGO-hydrogel 7.85 19
GO Chitosan cross-linked composite 402 This Study

S2




References

1)

)

(3)

(4)

(5)

(6)

(")

(8)

9)

(10)

(11)

Chowdhury, S.; Balasubramanian, R. Recent Advances in the Use of Graphene-Family
Nanoadsorbents for Removal of Toxic Pollutants from Wastewater. Advances in Colloid.
Inter. Sci. 2014, 204, 35-56.

Bach, L. G.; Van Tran, T.; Nguyen, T. D.; Van Pham, T.; Do, S. T. Enhanced Adsorption
of Methylene Blue onto Graphene Oxide-Doped XFe2O4(X = Co, Mn, Ni)
Nanocomposites: Kinetic, Isothermal, Thermodynamic and Recyclability Studies. Res.
Chem. Intermed. 2018, 44, 1661-1687.

Wang, H.; Ma, H.; Zheng, W.; An, D.; Na, C. Multifunctional and Recollectable Carbon
Nanotube Ponytails for Water Purification. ACS Appl. Mater. Interfaces 2014, 6, 9426—
9434,

Yao, Y.; Xu, F.; Chen, M.; Xu, Z.; Zhu, Z. Adsorption Behavior of Methylene Blue on
Carbon Nanotubes. Bioresour. Technol. 2010, 101, 3040-3046.

Ma, J.; Yu, F.; Zhou, L.; Jin, L.; Yang, M.; Luan, J.; Tang, Y.; Fan, H.; Yuan, Z.; Chen, J.
Enhanced Adsorptive Removal of Methyl Orange and Methylene Blue from Aqueous
Solution by Alkali-Activated Multiwalled Carbon Nanotubes. ACS Appl. Mater. Interfaces
2012, 4, 5749-5760.

Liu, T.; Li, Y.; Du, Q.; Sun, J.; Jiao, Y.; Yang, G.; Wang, Z.; Xia, Y.; Zhang, W.; Wang,
K.; Zhu, H.; Wu, D. Adsorption of Methylene Blue from Aqueous Solution by Graphene.
Colloids Surf. B Biointer. 2012, 90, 197-203.

He, F.; Fan, J.; Ma, D.; Zhang, L.; Leung, C.; Chan, H. L. The Attachment of Fez04
Nanoparticles to Graphene Oxide by Covalent Bonding. Carbon 2010, 48, 3139-3144.

Yao, Y.; Miao, S.; Yu, S.; Ping Ma, L.; Sun, H.; Wang, S. Fabrication of
Fe304/SiO2core/Shell Nanoparticles Attached to Graphene Oxide and Its Use as an
Adsorbent. J. Colloid Interface Sci. 2012, 379, 20-26.

Cong, H. P.; Ren, X. C.; Wang, P.; Yu, S. H. Macroscopic Multifunctional Graphene-
Based Hydrogels and Aerogels by a Metal lon Induced Self-Assembly Process. ACS Nano
2012, 6, 2693-2703.

Liu, F.; Chung, S.; Oh, G.; Seo, T. S. Three-Dimensional Graphene Oxide Nanostructure
for Fast and Efficient Water-Soluble Dye Removal. ACS Appl. Mater. Interfaces 2012, 4
(2), 922-927.

Li, Y.; Du, Q.; Liu, T.; Peng, X.; Wang, J.; Sun, J.; Wang, Y.; Wu, S.; Wang, Z.; Xia, Y.;

Xia, L. Comparative Study of Methylene Blue Dye Adsorption onto Activated Carbon,
Graphene Oxide, and Carbon Nanotubes. Chem. Eng. Res. Des. 2013, 91, 361-368.

S3



(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

Fan, L.; Luo, C.; Sun, M.; Qiu, H.; Li, X. Synthesis of Magnetic -Cyclodextrin-
Chitosan/Graphene Oxide as Nanoadsorbent and Its Application in Dye Adsorption and
Removal. Colloids Surf. B Biointerfaces 2013, 103, 601-607.

Fan, L.; Luo, C.; Li, X.; Lu, F.; Qiu, H.; Sun, M. Fabrication of Novel Magnetic Chitosan
Grafted with Graphene Oxide to Enhance Adsorption Properties for Methyl Blue. J.
Hazard. Mater. 2012, 215-216, 272-279.

Xie, G.; Xi, P.; Liu, H.; Chen, F.; Huang, L.; Shi, Y.; Hou, F.; Zeng, Z.; Shao, C.; Wang,
J. A Facile Chemical Method to Produce Superparamagnetic Graphene Oxide-Fe3O4
Hybrid Composite and Its Application in the Removal of Dyes from Aqueous Solution. J.
Mater. Chem. 2012, 22, 1033-10309.

Pourzare, K.; Farhadi, S.; Mansourpanah, Y. Graphene Oxide/Co304 Nanocomposite:
Synthesis, Characterization, and Its Adsorption Capacity for the Removal of Organic Dye
Pollutants from Water. Acta Chim. Slov. 2017, 64, 945-958.

Al Nafiey, A.; Addad, A.; Sieber, B.; Chastanet, G.; Barras, A.; Szunerits, S.;
Boukherroub, R. Reduced Graphene Oxide Decorated with Co3zO4 nanoparticles (RGO-
Co0304) Nanocomposite: A Reusable Catalyst for Highly Efficient Reduction of 4-
Nitrophenol, and Cr(V1) and Dye Removal from Aqueous Solutions. Chem. Eng. J. 2017,
322, 375-384.

Halouane, F.; Oz, Y.; Meziane, D.; Barras, A.; Juraszek, J.; Singh, S. K.; Kurungot, S.;
Shaw, P. K.; Sanyal, R.; Boukherroub, R.; Sanyal, A.; Szunerits, S. Magnetic Reduced
Graphene Oxide Loaded Hydrogels: Highly Versatile and Efficient Adsorbents for Dyes
and Selective Cr(V1) lons Removal. J. Colloid Interface Sci. 2017, 507, 360-369.

Wu, T.; Cai, X.; Tan, S.; Li, H.; Liu, J.; Yang, W. Adsorption Characteristics of
Acrylonitrile, p-Toluenesulfonic Acid, 1-Naphthalenesulfonic Acid and Methyl Blue on
Graphene in Aqueous Solutions. Chem. Eng. J. 2011, 173, 144-149.

Tiwari, J. N.; Mahesh, K.; Le, N. H.; Kemp, K. C.; Timilsina, R.; Tiwari, R. N.; Kim, K.

S. Reduced Graphene Oxide-Based Hydrogels for the Efficient Capture of Dye Pollutants
from Aqueous Solutions. Carbon 2013, 56, 173-182.

S4



