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ABSTRACT

Palygorskite is a kind of crystalline hydrated magnesium aluminum silicate mineral with micro-fibrous
morphology. Due to the large specific surface area, moderate cationic exchange capacity and pronounced
adsorption properties, it has been widely used in many fields. In order to enhance the loading capacity and
adjust the microstructure of palygorskite (Pal) crystal, series of three-dimensional palygorskite carriers (3D Pal)
with different pore size were fabricated through grafting from or grafting onto method. Due to the functional and
cross-linked molecules act as upholder reagents, the specific surface of individual palygorskite is fully utilized
and the load capacity is greatly improved. The porosity and pore size of 3D palygorskite based carrier also can
be regulated by the length of organic molecular chain segments. The successful preparation of 3D Pal-based
carrier provides a new way for surface grafting, modification or preparing 3D carrier of palygorskite and other
minerals.

e The developed method allows fabricating three-dimensional palygorskite based carriers by covalent bonding
method.

e The pore size of the as-prepared carriers can be conveniently adjusted by length of the bonded molecular
chain.
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Method details
Background

The current studies only focused on the utilization of natural and inherent characteristics
of mineral materials. Although acid treatment, thermal activation and surface functionalization
methods are employed to optimize the structure and loading capacity of mineral carriers [4,5], the
locally improved microstructure and partially modified surface cannot change the characteristics
fundamentally. The specific surface area of mineral units cannot be fully utilized because of the
large free energy of nano-particles and their porous structures cannot be regulated. On the other
hand, the morphology, crystallographic structure, microstructure (including strut, pore or cell sizes,
specific surface area and particle size) and surface groups of the mineral carrier affect the properties
of mineral-based composites [1-3]. In order to enhance the loading capacity of palygorskite (Pal),
surface grafting and covalent bonding methods were adopted to fabricate Pal-based three-dimensional
network, which took advantage of the active reactions between functional groups to graft organic
molecules onto the surface of Pal, thereby achieving the aim of preventing the agglomeration of Pal
crystals. Moreover, the porosity and pore size of three-dimensional Pal can be regulated by adjusting
the length of organic molecular chain segments. Properly speaking, this study provides a new way for
surface grafting, modification or preparing 3D carrier of palygorskite and other minerals. According to
reaction mechanism, the methods can be divided into two different types, one is grafting from the
surface, and the other is grafting onto the surface.

Method description

As for grafting from the surface of Pal, the specific technical means and experimental procedures
are as follows. In the pretreatment process of Pal, water washing and acid treatment are included,
and the pH of Pal solution needs to be adjusted to neutral before centrifugation. Before participating
in the reaction, the Pal was dried at 105°C for 5 h. The hydrochloric acid activated Pal or thermal
treated Pal was added to a three-necked flask containing toluene solution and ultrasonic dispersed
for 1 h Accordingly, toluene solution containing 2, 4-toluene diisocyanate (TDI) was introduced and
grafted at room temperature for 24 h. In this step, Pal is functionalized with isocyanate groups (-NCO).
Then, diols with different molecular weights and molar ratio of 0.25 (to TDI) were added to the above
solution severally when temperature rose to 80 °C. At this time, the single Pal crystal will be covalent
bonded by the reaction of remaining isocyanate groups on the surface of Pal with the hydroxyl groups
of diols. After 8 h, three-dimensional palygorskite was obtained by washing successively with ethanol
and deionized water, and freeze drying. In this procedure, the length of dihydric alcohol chain can be
selected to obtain Pal based three-dimensional carrier with different pore sizes. Also, diol molecules
can be replaced by other bifunctional compounds containing active hydrogen atoms, such as glycol,
diamine and diacid. The typical preparation mechanism is shown in Fig. 1. The TEM image of 3D Pal
synthesized with PEG6000 was displayed in Fig. 2 and the XPS spectra were shown in Fig. 3.

As for the grafting onto method, the technical steps and experimental procedures are as follows.
According to amine group to isocyanate group mole ratio of 1:1, 4 mL 3-isocyanate propyl triethoxy
silane (IPTS) and the corresponding amount of diamines were added into a three-necked flask
containing 40 mL of toluene. Then, the mixed solution was stirred and refluxed for 2 h at 40°C.
At the same time, 10 g hydrochloric acid activated Pal or thermal treated Pal was added into a beaker
containing 60 mL toluene and dispersed ultrasonically for 1 h Afterwards, the dispersive Pal slurry was
put into the above three-necked flask and temperature raised to 80 °C. After 12 h reaction under reflux



Y. Wang, Y. Shen and Z. Qin et al./MethodsX 7 (2020) 100815 3

H
HO—] OH 2,4-toluene diisocyanate “’7 OH+ /Cq\
< OH
HO—||—oH PO PA 6 I
HO OH Toluene (A Y WV T e
Room temperature 80°C, stir, reflux
Thermal activated Pal
Three-dimensional
Isocyanate functionalized alygorskite palygorskite based carrier
—N —TN— N —
9 | - Cl3 g /@;CH; o -
S 8
H AN C = 3C x* O

Fig. 2. TEM image of 3D Pal synthesized with PEG6000.
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Fig. 3. The full spectra (a) the C spectra (b) and the N spectra (c) of 3D Pal synthesized with PEG6000.

condition, the products were washed repeatedly with deionized water and extracted with absolute
ethanol. Finally, loose powder was obtained after drying in a freeze dryer for 24 h. Similarly, different
diamines can be selected, such as ethylenediamine, 1,6-hexamethylenediamine, 1,10-diaminodecane,
1,2-bis(3-aminopropylamino) ethane, tris (4-aminophenyl) amine, and etc. The mechanism diagram
for preparation of 3D Pal using grafting onto method was demonstrated in Fig. 4. The TEM image of
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Fig. 5. TEM image of 3D Pal synthesized with ethylenediamine.
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Fig. 6. The full spectra (a) the C spectra (b) and the N spectra (c) of 3D Pal synthesized with ethylenediamine.

3D Pal synthesized with ethylenediamine was displayed in Fig. 5 and the XPS spectra were shown in
Fig. 6.



Y. Wang, Y. Shen and Z. Qin et al./MethodsX 7 (2020) 100815 5

Acknowledgments

The authors gratefully acknowledge the financial support of the National Natural Science
Foundation of China (Grant no. 51562023) and Funding of Guangdong Provincial Key Laboratory of
Emergency Test for Dangerous Chemicals (KF2018001).

Declaration of Competing Interest
The Authors confirm that there are no conflicts of interest.
Supplementary material

Supplementary material associated with this article can be found, in the online version, at doi:10.
1016/j.mex.2020.100815.

References

[1] S. Abishek, AJ.C. King, N. Nadim, B.J. Mullins, Effect of microstructure on melting in metal-foam/paraffin composite phase
change materials, Int. ]. Heat Mass Transf. 127 (2018) 135-144.

[2] W. Li, H. Wan, T. Jing, Y. Li, P. Liu, G. He, F. Qin, Microencapsulated phase change material (MEPCM) saturated in metal foam
as an efficient hybrid pcm for passive thermal management: a numerical and experimental study, Appl. Therm. Eng. 146
(2019) 413-421.

[3] PZ. Lv, CZ. Liu, Z.H. Rao, Review on clay mineral-based form-stable phase change materials: preparation, characterization
and applications, Renew. Sustain. Energy Rev. 68 (2017) 707-726.

[4] S.K. Song, LJ. Dong, S. Chen, H.A. Xie, C.X. Xiong, Stearic-capric acid eutectic/activated-attapulgiate composite as form-stable
phase change material for thermal energy storage, Energy Convers. Manag. 81 (2014) 306-311.

[5] Y. Zhang, ]. Wang, ]. Qiu, X. Jin, M.M. Umair, R. Lu, Ag-graphene/PEG composite phase change materials for enhancing
solar-thermal energy conversion and storage capacity, Appl. Energy. 237 (2019) 83-90.


http://dx.doi.org/10.13039/501100001809
https://doi.org/10.1016/j.mex.2020.100815
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0001
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0001
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0001
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0001
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0001
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0002
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0003
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0003
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0003
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0003
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0004
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005
http://refhub.elsevier.com/S2215-0161(20)30035-2/sbref0005

	Preparation of three-dimensional palygorskite based carrier
	Method details
	Background
	Method description

	Acknowledgments
	Declaration of Competing Interest
	Supplementary material
	References


