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Adsorption is one of the most significant approaches for treatment of 
wastewater. An adsorbent with high mechanical strength, good 
renewability, and high efficiency is expected for practical applications. In 
this paper, a cationic xylan-based aerogel composed of xylan, polyvinyl 
alcohol, and agarose was fabricated to adsorb pectin, which is a typical 
anionic trash substance in the papermaking white water. The freeze-drying 
method was used to prepare the aerogel. A cationic xylan-based aerogel 
with high mechanical strength (34.676 MPa at 50% strain) was obtained. 
FT-IR results illustrated that the hydrogen bonds between three 
components contributed to the formation of aerogels. The addition of 
cationic xylan led to a slight decrease of crystallinity and thermostability of 
the aerogels. The maximum adsorption capacity of anionic pectin was 
19.52 mg/g. Moreover, the aerogels maintained a high pectin-adsorption 
capacity after five recycles. This new cationic xylan-based aerogel offers 
potential possibilities for the development of value-added hemicellulose-
based materials and the purification of papermaking white water in 
practical applications. 
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INTRODUCTION 

The discharge of effluent from the papermaking industry grows continuously with 

the increase of output of paper and paperboard. In order to minimize water consumption 

and effluent discharge due to environmental concerns, it is required to increase the closure 

of whitewater systems in modern papermaking. However, large amounts of detrimental 

substances with high anionic charge, which are introduced with bleached high-yield pulp 

and deinked pulp, accumulate with the increasing closure of whitewater (Miao et al. 2013, 

2014). The anionic substances are mainly composed of galacturonic acids, glucuronic 

acids, oxidized lignin, fatty acids, and resin acids (Hubbe et al. 2012). The accumulated 

anionic substances can disturb the charge balance of papermaking wet-end, and thus the 

runnability of paper machine and the paper quality are adversely affected (Dunham et al. 

2002; Lindström et al. 1977; Zhang et al. 1999; Hubbe et al. 2012). Therefore, in order to 

alleviate the negative influence of anionic substances, plenty of techniques such as 

chemical fixing or neutralization and biological degradation have been employed (Hubbe 

et al. 2012; Miao et al. 2013). Nevertheless, both chemical and biological approaches need 

additional cost for chemical additives or enzymes. So, it is essential to explore alternative, 

economical and effective methods for removing anionic substances and thus increase the 

degree of whitewater closure, paper machine runnability, and paper quality.  
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Nowadays, adsorption has been recognized as one of the most promising techniques 

because of its lower cost, superior efficiency, and easy operation for treatment of various 

effluents (Lu et al. 2017; Guan et al. 2020). As a porous three-dimensional solid material, 

aerogel has been considered a promising adsorbent for contaminants in wastewater, on 

account of its ultralow density, high specific surface, renewable utilization, and excellent 

mechanical property (Chen et al. 2015; Zhu et al. 2018; Guan et al. 2020). An aerogel can 

be prepared in various shapes and sizes based on its different applications from various raw 

materials. In recent years, the bio-based aerogel has attracted increasing attention such as 

lignocellulose-based aerogel, collagen-based aerogel, and chitosan-based aerogel due to 

the depletion of petroleum resources (Kadib and Bousmina 2012; Lu et al. 2014; Guan et 

al. 2020; Lv et al. 2021). However, hemicellulose-based aerogel has rarely been reported 

in recent years, especially the cationic hemicellulose-based aerogel for adsorbing the 

impurities in processing water. 

Hemicelluloses, one of the three major cell wall components of lignocellulosic 

biomass besides cellulose and lignin, can be produced annually at about 60 billion tons 

(Naik et al. 2010). They have attracted abundant attention due to their renewability, 

biodegradability, biocompatibility, and non-toxic properties (Zhang et al. 2011; Li and Pan 

2018; Gao et al. 2023). Nowadays, hemicelluloses are mainly used for manufacturing pulp 

and paper products in practical applications, and some high value-added hemicelluloses-

based functional composites including hydrogels, aerogels, films, drug delivery, and sensor 

due to their above properties also have been reported (Sun et al. 2013; Alekhina et al. 2014; 

Anthony et al. 2015; Chen et al. 2016; Rao et al. 2019; Guan et al. 2020). However, the 

native hemicelluloses process has relatively narrow application fields because of the 

chemical and physical natures of hemicelluloses. Chemical modification of hemicelluloses 

provides a better manner for fabricating functional composites with unique properties and 

wider applications. Cationization is a practical and feasible way to introduce functional 

amino groups and enables hemicelluloses-based composites as efficient adsorbents for 

anionic contaminants in wastewater. 

Different from cellulose, which is a linear homopolysaccharide of glucose, 

hemicelluloses are branched heteropolysaccharides and composed of different neutral and 

acidic monosaccharides (Li and Pan 2018). Especially due to the lower molecular weight, 

hemicellulose alone is unable to prepare unique aerogels. In order to enhance the 

formability and strength of hemicelluloses-based aerogel, other components should be 

added. As a semicrystalline polymer, polyvinyl alcohol (PVOH) is often used as an additive 

to enhance mechanical properties of biomass-based materials due to its excellent 

mechanical properties, high hydrophilicity, biodegradability and biocompatibility (Hong 

et al. 2014; Ai et al. 2021; Joshi et al. 2022). PVOH-based aerogels with excellent 

properties have been utilized for water-oil separation, adsorption of metal ions, treatment 

of wastewater, and flame retarding (Kim et al. 2015; Zhang et al. 2019; Wang et al. 2021; 

Yang et al. 2022a; Joshi et al. 2022). PVOH microcrystals can be formed through freezing 

operation, in which PVOH molecular chains are entangled and form hydrogen bonds with 

other substances (Chen et al. 2010). Agarose is a copolymer with alternant linkages of 1,3-

linked β-D-galactose and 1,4-linked 3,6-anhydrous-L-galactose (Pierre and Pajonk 2002). 

The agarose gel with relatively larger pores can be prepared through lateral aggregation of 

agarose chains based on the hydrogen bonds (Griess et al. 1998). The multifunctional 

agarose-based aerogels can be obtained through combining agarose with organic or 

inorganic compounds (Wu et al. 2019; Yang et al. 2022b).  
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Xylan is the principal component of the hemicelluloses in hardwood and agriculture 

residues with a content of 20-35% (Willfӧr et al. 2005). In the present study, the cationic 

xylan-based aerogel combined with PVOH, and agarose was successfully fabricated by 

freeze-drying approach for the first time, in which the PVOH as reinforcement phase and 

agarose as gelling phase. The composite aerogel was subsequently applied to adsorb the 

anionic pectin which was considered as the typical representative of anionic substances 

present in white water of paper industry. The characterizations of cationic 

xylan/PVOH/agarose aerogel were conducted by Fourier transform infrared spectroscopy 

(FT-IR), X-ray diffraction (XRD), thermogravimetric analysis (TGA), scanning electron 

microscope (SEM), and mechanical properties. Finally, the adsorption of aniconic pectin 

with the obtained composite aerogel was investigated. 

 
 
EXPERIMENTAL 
 
Materials 

The bagasse xylan was purchased from Shanghai Yuanju Biotechnology Co., LTD 

in China. The cationic xylan (CX) with a substitution degree of 0.81 was prepared in lab 

by radical polymerization using acryloxyethyl trimethyl ammonium chloride as the 

cationic monomer and potassium persulfate as the initiator at 70 ℃ for 3 h. The cationic 

xylan was washed with ethanol and separated by centrifugation. The molecular weight 

(Mw) of cationic xylan was 25033 g/mol. Polyvinyl alcohol (alcoholysis degree of 98-

99%) was purchased from Macklin Chemical Reagents Co., Ltd. Agarose, pectin, and 

poly(diallyldimethylammonium chloride) whose concentration was 1.0051×10-3 mol/L 

were supplied by Aladdin Reagents Co., Ltd. All the reagents used in this experiment were 

all analytical-grade reagents. All experiments were performed using deionized water. 

 
Preparation of Cationic Xylan-based Aerogel 

Cationic xylan-based aerogel, whose total weight was set as 2.0 g, was prepared by 

the following procedure. First, the agarose and PVOH were respectively dissolved in 

deionized water by homogeneously stirring in an oil bath, resulting in two transparent 

solutions of 3% agarose (w/v) and 4% PVOH (w/v). The PVOH and agarose solutions were 

mixed at a fixed mass ratio of 1:1, and the total volume of the mixture was 50 mL. Then 

the mixture was stirred for 5 min at 120 ℃ and for another 15 min at 90 ℃. Subsequently, 

the cationic xylan was added into the above mixture and continued stirring for 10 min at 

90 ℃. Finally, the gel solution was transferred into a Teflon mold and cooled to room 

temperature. Then the gel solution was pre-frozen at a refrigerator under -24 ℃, which was 

followed with quick-freezing by liquid nitrogen. The CX/agarose/PVOH aerogel was 

successfully prepared after final freeze-drying at -60 ℃ for 48 h. The control aerogel was 

prepared by a similar method just without addition of cationic xylan. 

 

Characterization of Cationic Xylan-based Aerogel 
Mechanical properties of aerogel were determined by a tension & compression 

testing machine (KJ-1065B, Kejian, Dongguan, China). The cylindrical aerogel with the 

dimension of 25×20 mm (diameter×height) was placed in the fixture of the testing machine. 

The upper pressure plate was adjusted to the top surface of aerogel. Then the loading rate 

and strain was set at 1 mm/min and 50%, respectively. Five parallel tests were conducted 

for each kind of aerogel sample. 
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FT-IR spectra of aerogels were recorded on a Nicolet iS20 equipment (Thermo 

Fisher Scientific, America). The aerogel samples were pre-dried and ground with 

potassium bromide into powder uniformly before test. The resolution was 4 cm-1, and the 

spectra range was 400 to 4000 cm-1. 

The crystallinity of aerogels was determined based on the area of diffraction peaks 

with X-ray diffraction method on a D8 Advance spectrometer (Bruker, French). The 

samples were scanned in the range of 10 to 80° of 2θ with a step size of 10°/min. 

Scanning electron microscope (SEM) (Tescan Mira, Czech) was used to 

characterize the structural morphology of aerogels. The aerogel samples were golden-

coated prior to SEM observed. The porosity of aerogels was calculated by Image-Pro Plus 

6.0 based on the SEM images. 

The thermogravimetric analysis of aerogels was carried out by a STA449F3 

simultaneous thermal analyzer (Netzsch, Germany). About 20 mg of the aerogel sample 

was heated from 25 to 500 ℃ at a heating rate of 20 ℃/min. The apparatus was continually 

flushed with a nitrogen flow of 50 mL/min. 

The specific surface area and the pore size of aerogels were determined according 

to the nitrogen adsorption method by using an ASAP 2460 volumetric gas adsorption 

instrument (Micromeritics, America) at 25 ℃. The aerogels were air-dried prior to the 

measurements. 

The density and the porosity of aerogels was calculated according to the following 

equation (1) and equation (2), respectively (Chen et al. 2011), 
 

ρ = m × (hπ)-1 × (d/2)-2                                     (1) 

P = (1-ρ/ρ´) × 100%                                          (2) 

where P is the porosity of aerogel (%); ρ is the density of aerogel (g/cm3); ρ´ is the density 

of mixture of agarose, PVOH, and cationic xylan (g/cm3); m is the dry weight of aerogel 

(g), h is the height of aerogel (cm), d is the diameter of aerogel (cm). 

                       

Adsorption of Pectin with Cationic Xylan-based Aerogel 
The adsorption experiment was performed as follows. Firstly, the aerogel was 

added into 50 mL pectin solution of 0.5 g/L, and then the solution was shaken at certain 

temperature until reaching the adsorption equilibrium. Next, the solution was filtered by a 

membrane (pore size of 0.22 µm), and the cationic demand of filtrate was determined by a 

charge titration instrument (PCD-03, BTG, Sweden) using poly (diallyldimethyl-

ammonium chloride) as standard titrant. The concentration of pectin before and after 

adsorption was calculated based on the cationic demand value according to the standard 

equation as shown in Fig.1. The amount of adsorbed pectin by aerogel was calculated 

according to the following equation (3). Finally, the aerogel was extracted by distilled 

water and ethanol, and then was reused after freeze-drying, 

q=(C0-Cx) V /m                                            (3) 

where q is the amount of adsorbed pectin (mg/g); C0 and Cx is the initial and equilibrium 

pectin concentration (mg/L), respectively; V is the volume of pectin solution (mL); m is 

the dry weight (g) of aerogel. 
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Fig. 1. Standard curve of concentration and cationic demand of pectin solution 
 
 
RESULTS AND DISCUSSION 
 
Physical Characteristics of the Aerogels  

In the present investigation, the total weight of the CX/agarose/PVOH composite 

aerogel was set to 2.0 g, and the mass ratio of agarose and PVOH was fixed to be 1:1. The 

weight of cationic xylan was changed as the mass ratio in the CX/agarose/PVOH composite 

aerogels. The mass ratio of cationic xylan was increased while the weight of agarose and 

PVOH was proportionally decreased in order to take full advantage of the xylan. For 

example, the CX2.5/agarose/PVOH referred to the mass ratio of CX:agarose:PVOH was 

2.5:1:1, namely the absolute weight of CX, agarose, and PVOH was 1.11 g, 0.445 g, and 

0.445 g, respectively.  

The physical structure of CX/agarose/PVOH aerogel was an important factor 

affecting its practical application. The CX/agarose/PVOH aerogels were characterized 

based on the density, porosity, pore diameter, and specific surface area, as shown in Table 

1. It can be found that the addition of cationic xylan decreased the density and the pore 

diameter of the CX/agarose/PVOH aerogels, but the specific surface area was increased. 

Though the porosity of the composite aerogels was decreased slightly, the values of 

porosity exceeded 93% which was higher than that of PVOH aerogel (Nabipour et al. 

2020). The results indicated that the addition of cationic xylan was conducive to the 

formation of micropore structure of the composite aerogels. However, the decreased 

specific surface aera of CX/agarose/PVOH aerogel was found when the mass ratio of 

cationic xylan exceeded 2.5. It may be caused by the decreased content of agarose leading 

to the poorer microgelation.  

The mechanical strength of the aerogel is another significant property for its 

practical application. Fig. 2A displays the strain-stress curves of the CX/agarose/PVOH 

aerogels under compressive mode. Apparently, the addition of cationic xylan improved the 

mechanical property of the CX/agarose/PVOH aerogels compared with that without 

cationic xylan. The compressive strength and elasticity of CX/agarose/PVOH aerogels 

increased initially and then decreased with the increase of mass ratio of cationic xylan.  

When the mass ratio of cationic xylan was 2.5, the compressive stress of 

CX2.5/agarose/PVOH aerogel reached the maximum value of 34.7 MPa at 50% strain, and 

the stress remained 54.7% relative to the first compressive stress (Fig. 2B), though the 

aerogel was reciprocally compressed for 50 times. The mass ratio of cationic xylan was 
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further increased to 3, whereas the mechanical strength of CX3/agarose/PVOH was 

decreased. It might have been induced by the decreased weight of the other two 

components because the agarose contributed to the gelatinization and the PVOH 

contributed to the strength of CX/agarose/PVOH aerogels. Moreover, the larger pore size 

may be responsible for the decreased mechanical strength of CX3/agarose/PVOH aerogels. 

The stress of all the CX/agarose/PVOH aerogels was distinctly higher than that reported in 

the literature (Guan et al. 2020), in which the aerogel was prepared with dialdehyde xylan 

and chitosan, and the maximum stress of the dialdehyde xylan/chitosan aerogel was only 

0.38 MPa. 

 
Table 1. Physical Characteristics of the Composite Aerogels 

Aerogel Sample Density 
(g/cm3) 

Porosity 
(%) 

Pore Diameter 
(nm) 

Specific Surface 
Area (m2/g) 

agarose/PVOH 0.087 94.63 5.8004 0.7118 

CX1/agarose/PVOH 0.065 94.51 5.5093 0.8237 

CX2.5/agarose/PVOH 0.062 93.82 4.4551 1.7888 

CX3/agarose/PVOH 0.064 93.41 5.3288 1.0816 
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Fig. 2. The stress and strain of the aerogels 

 
FT-IR Analysis of the Composite Aerogels  

The FT-IR spectra of agarose/PVOH aerogel and three CX/agarose/PVOH aerogels 

are shown in Fig. 3. In the four composite aerogels, there are three components of PVOH, 

agarose, and cationic xylan, and they process plenty of hydroxyl groups (Yan et al. 2021). 

The cationic xylan also has some amino groups. The adsorption band around 3400 cm-1 

corresponds to the stretching of hydroxyl groups of xylan, agarose, and PVOH. The peaks 

at 1041, 1043, 1048, and 1090 cm-1 in CX/agarose/PVOH aerogels were attributed to the 

stretching vibration of C-O-C ether bond providing evidence of the ether linkages present 

in cationic xylan (Ren et al. 2007). The addition of cationic xylan led to the appearance of 

the peak of 890 cm-1, which was the characteristic bond of β-glycosidic bond between the 

xylose units (Ren et al. 2007; Kong et al. 2018). The band at 2931 cm-1 was attributed to 

the symmetric C-H vibration (Wang et al. 2016). The peaks at 1435, 1446, and 1470 cm-1 

A B 
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were assigned to the methyl group in ammonium. There was a strong sharp absorbance 

around 1720 cm-1, which was the characteristic peak of carbonyl group from uronic acid 

(Liu et al. 2011). The peaks around 1650 cm-1 were attributed to the H-O-H angle vibration 

originated from hydrogen bonds among the three components by freeze-drying method 

(Haxaire et al. 2003; Guan et al. 2014). It can be found that the intensity of the absorption 

band around 3430 cm-1 became weaker than that of the agarose/PVOH aerogel with the 

increase of mass ratio of cationic xylan in the composite aerogels, indicating that the 

decrease of -OH groups. This may be caused by the decreased amount of agarose and 

PVOH. Furthermore, the absorption frequency around 3430 cm-1 moves toward the lower 

wave number confirming the formation of hydrogen bonds between cationic xylan, agarose, 

and PVOH (Yan et al. 2021). As there are no other new peaks observed, it can be deduced 

that there was no chemical interaction among agarose, PVOH, and cationic xylan. 

Therefore, it can be inferred that cationic xylan, agarose, and PVOH have a physical 

interaction with the forming of hydrogen bonding. 
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Fig. 3. FT-IR spectra of the composite aerogels 
         

Crystallinity of the Composite Aerogels 
The X-ray diffraction technique was used to determine the variations in crystalline 

structure as a result of addition of cationic xylan to the agarose/PVOH aerogel. Figure 4 

shows the X-ray diffraction patterns of the composite aerogels. As to the agarose/PVOH 

aerogel, the diffraction peak at 2θ= 19.9°, which is a typical fingerprint of PVOH and 

represented the obvious semicrystalline phase of PVOH, was observed (Yan et al. 2021). 

The addition of cationic xylan changed the X-ray diffraction patterns of composite aerogels. 

All the aerogels of CX/agarose/PVOH exhibited a crystalline structure with peaks angle 

around 2θ=10.6°, 12.2°, 22.0°, and 24.5°. In Li and Xiang’s study, the deacetylated xylan 

also has the same XRD patterns as the authors’ study (Li and Xiang 2022). The diffraction 

Wavenumber (cm-1) 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Liu et al. (2023). “Cationic xylan aerogels,” BioResources 18(3), 4819-4833.  4826 

peak of cationic xylan at 2θ= 19.9° overlapped with that of PVOH (Peng et al. 2011).  

Compared with the agarose/PVOH aerogel, it is noticeable that the crystallinity of 

CX/agarose/PVOH aerogels decreased obviously with the increasing amount of cationic 

xylan, as shown in Table 2. The decreased crystallinity was mainly caused by the decreased 

amount of PVOH in the CX/agarose/PVOH aerogels. Moreover, the hydrogen bonds 

formed by -OH and -O- in cationic xylan with the O-H group in PVOH would destroy the 

ordered PVOH molecular chain, thereby reducing the crystallinity of PVOH and 

CX/agarose/PVOH aerogels. As reported in Yan’s investigation, the formation of hydrogen 

bonds between -OH and -O- in agarose with the O-H group in PVOH decreased the 

crystallinity of PVOH (Yan et al. 2021). The decreased crystallinity was also beneficial for 

the improvement of flexibility, as shown in Fig. 2A. 
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Fig. 4. X-ray diffraction patterns of the composite aerogels 
 
Table 2. Crystallinity of the Composite Aerogels 

Aerogel 
Sample 

agarose/PVOH CX1/agarose/PVOH CX2.5/agarose/PVOH CX3/agarose/PVOH 

Crystallinity 
(%) 

62.66 51.53 51.25 50.36 

 

Thermal Properties of the Composite Aerogels 
The composite aerogels were also characterized by thermogravimetry (TGA) to 

determine thermal stability. The typical TGA-DTG curves of the two composite aerogels 

were shown in Fig. 5. In the TGA curves (Fig. 5A), small weight losses were observed 

below 100 ℃ due to the apparent evaporation of absorbed water from the aerogels (Guan 

et al. 2020). The gently weight losses of four aerogels were observed during 100 ℃ and 

250 ℃. 
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Fig. 5. TGA thermogram curves (A) and DTG curves of the composite aerogels (B) 

 

From 250 to 400 ℃, the weight losses increased obviously. However, there was 

still more than 17.0% of residual masses left when the temperature reached 500 ℃ from 

the TGA curves of the four composite aerogels. The onset decomposition temperatures of 

four aerogels were all below 100 ℃.  It can be also found from Fig. 5B that the maximum 

decomposition temperatures of the three aerogels were all at around 375 ℃, while the 

maximum decomposition rate of agarose/PVOH aerogel at 425 ℃ was higher than that of 

CX/agarose/PVOH aerogels, indicating that the thermal stability of agarose/PVOH aerogel 

was higher than that of CX/agarose/PVOH aerogels. The lower thermal stability of 

CX/agarose/PVOH aerogel might be due to the addition of cationic xylan. 

 

Microstructure of the Composite Aerogels 
The microstructure of the composite aerogels was demonstrated by scanning 

electron microscopy (SEM) images (Fig. 6). As shown in the figures, compared with the 

agarose/PVOH aerogel, a more regular porous structure of the CX/agarose/PVOH aerogels 

was found, indicating the three-dimensional network was successfully formed from 

cationic xylan, PVOH, and agarose during the gelation process. The crosslinking reaction 

among three components of the composite aerogels mainly resulted from the formation of 

hydrogen bonds which interpenetrated three-dimensional CX/agarose/PVOH network, 

offering large amounts of channels for the movement of pectin (Yan et al. 2021). 

Interestingly, the CX2.5/agarose/PVOH aerogel had more and smaller intact pores, which 

was consistent with its higher specific surface area. The results showed that the proportion 

of CX had a greater impact on the pore structure of aerogels. This porous structure of 

aerogels could provide an important prerequisite for the adsorption of anionic substances 

present in papermaking white water. As shown in Fig. 6C, it can also be found that the 

composite aerogel was very light that could be placed on the surface of the grass leaf. 

  

Adsorption of Pectin with Cationic Xylan-based Aerogel  
The adsorption capacities of the composite aerogels for removal of aniconic pectin 

and the optimized adsorption process were demonstrated in Fig. 7. As shown in Fig. 7A, 

the CX2.5/agarose/PVOH aerogel had the highest adsorption capacity of pectin reaching 

19.52 mg/g among the four composite aerogels when they were used for adsorbing anionic 

pectin at 25 ℃ and initial pectin concentration of 0.5 mg/mL for 60 min. The optimized 

adsorption parameters, which are shown in Fig. 7 (B-D), were as follows: temperature of 

40 ℃, time of 60 min, and initial pectin concentration of 0.5 mg/mL. 
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Fig. 6. SEM images (A) agarose/PVOH aerogel, (B) CX1/agarose/PVOH aerogel, (C) 
CX2.5/agarose /PVOH aerogel, (D) CX3/agarose/PVOH aerogel 

 

0

5

10

15

20

A

CX
1
/agarose/PVA aerogel

 

 

A
d

s
o

rp
ti

o
n

 a
m

o
u

n
t 

(m
g

/g
)

agarose/PVA aerogel

CX
3
/agarose/PVA aerogel

CX
2.5

/agarose/PVA aerogel

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

17.6

17.8

18.0

18.2

18.4

18.6

18.8

19.0

19.2

19.4

Initial concentration of pectin solution (mg/mL)

 

 

 

 
A

b
s

o
rp

ti
o

n
 a

m
o

u
n

t 
(m

g
/g

)

B
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Fig. 7(C, D). The optimization of adsorption process of pectin with the composite aerogels 

As is well known, it is very significant for solid adsorbents to carry out continuous 

operation in industrial practice. The reusability of aerogel is thus very important for its 

continuous practical application. The relative adsorption efficiency of CX2.5/agarose/ 

PVOH aerogel after five cycles is illustrated in Fig. 8. It was observed that the relative 

adsorption efficiency retained more than 81% of the original adsorption efficiency after the 

fifth cycle. The decrease of the relative adsorption efficiency after recycling may be 

induced by the breakdown of pore structure leading to the reduction of available adsorbing 

sites during the extraction process. 
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Fig. 8. Recycling performance of CX2.5/agarose/PVOH aerogel  

 
 
CONCLUSIONS 
 

1. The cationic xylan-based aerogels were successfully fabricated by freeze-drying 

technique. The three-dimensional network structure of aerogels was proved by the 

scanning electron microscopy (SEM) images. The hydrogen bonds were responsible 

for the formation of aerogels. The addition of cationic xylan led to the decrease of 

crystallinity and thermal stability of the composite aerogels. 
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2. The cationic xylan (CX)/agarose/poly(vinylalcohol) (PVOH) aerogels had a high 

mechanical strength. When the mass ratio of cationic xylan, agarose, and PVOH was 

2.5:1:1 in the composite aerogel, the compressive stress of aerogel could reach more 

than 34.0 MPa at 50% strain, and the density and porosity was 0.062 cm3/g and 93.8%, 

respectively.  

3. The addition of cationic xylan improved the adsorption capacity of anionic pectin, and 

the maximum adsorption capacity of pectin could reach 19.5 mg/g for CX2.5/ agarose 

/PVOH aerogel. Moreover, the aerogel could be effectively recycled, and the relative 

adsorption efficiency retained more than 81% of the original adsorption efficiency 

after the fifth cycle.  
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