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ABSTRACT 
 

Ginkgo leaf was treated with deep eutectic solvents and then mixed with bio-based fibers, 
willow catkins or kapok fibers as reinforcing materials to prepare ginkgo leaf composite paper. 
The effects of the papermaking process conditions and the proportion of ginkgo leaf on 
the properties of the composite paper were studied. The results showed that the properties of 
the composite paper were better when the proportion of ginkgo leaf was within the range 
of 70-90%, with a smooth surface, high strength, and flexibility, which can meet the needs of 
daily packaging. The higher the proportion of ginkgo leaf, the better the anti-ultraviolet 
property and the higher the strength. When the proportion of willow catkins or kapok fibers was 
higher, the water resistance and flexibility were better. Among them, when the proportion of 
ginkgo leaf was 90%, the ultraviolet protection factor (UPF) could reach 128, showing 
excellent anti-ultraviolet property. When the proportion of ginkgo leaf was 70%, the water 
contact angle to composite paper was 144.2°, indicating water resistance.  
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INTRODUCTION 
 

Developing low-cost, novel materials for the preparation of composite paper can address 
not only the current issue of resource scarcity but also broaden the application scope of paper, 
offering promising development prospects (Fan et al. 2023). Ginkgo leaf, a resource-rich and 
cost-effective plant material, contain various bioactive compounds beneficial to human health, 
including polyphenols (approximately 68.9 mg/g), flavonoids (approximately 16.6 mg/g), and 
terpenoids (approximately 4.2 mg/g) (Patrycja et al. 2023, François et al. 2019, Chen et al. 2021, 
Lin et al. 2022). China has a long history of the development and utilization of ginkgo leaf, 
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which has been used for a long time to treat bronchitis, asthma and other diseases, and also has 
been used to lower blood pressure and blood lipid diseases. Recently, plant resource utilization 
have expanded to novel material engineering. Zhou et al. (2022) extracted flavonoids from 
ginkgo leaf for dyeing and antimicrobial finishing of wool fabrics, demonstrating that 
the combination of ginkgo leaf extract and ampicillin can significantly improve antimicrobial 
ability. However, there are few studies on ginkgo leaf extract as materials for functional paper 
(Li et al. 2023, Guo et al. 2021).  

Some researchers have used ginkgo leaf and chitosan to prepare an antioxidant and 
anti-ultraviolet bio-based composite film, but chitosan is expensive. A willow tree can produce 
between 280,000 and 1,485,000 willow catkins annually (Nissim et al. 2021), primarily 
composed of α-cellulose (approximately 94%), along with minor components such as 
pentosans (1.51%), nitrogenous substances (0.87%), water-soluble substances (3.30%) and 
lipids (0.60%) (Wan et al. 2020). Due to the short length, smooth surface, and lack of crimp 
in willow catkins, the cohesion between fibers is reduced, making yarn spinning challenging. 
Although the willow catkins are widely distributed in the world, their utilization has not been 
general so far (Wu et al. 2019). In addition, kapok fibers contain flavonoids and triterpenoids, 
which gives it natural antibacterial and anti-mite properties, and can be used as a raw material 
for papermaking (Zhang et al. 2024). If these fibers can be used effectively, they can not only 
produce economic benefits, but also reduce the environmental pollution. 

This paper describes the preparation of composite paper made with ginkgo leaf and willow 
catkins, with good mechanical strength, ultraviolet resistance, and biodegradability. 
The process involves treating ginkgo leaf (GL) with deep eutectic solvents (DES) and 
incorporating a small amount of willow catkins (WC) or kapok fibers (KF). The method of 
in-situ lignin regeneration through DES treatment is simple, fast, and environmentally friendly. 
The used chemicals can be recycled, and the resulting composite paper can be degraded in 
the natural environment.  
 
 

MATERIAL AND METHODS 
 

Ginkgo leaf (collected in Jiangnan University campus on November), willow catkins 
(collected in Jiangnan University campus on February), kapok fibers (purchased from Pengcai 
Home Textiles, China). Choline chloride and oxalic acid are both analytical grades, and 
purchased from Sinopharm Chemical Reagent Co. Ltd. China. 

 
Preparation of DES 

The solution was prepared by heating choline chloride and oxalic acid in a 1:1 molar ratio 
at 80°C until a homogeneous liquid was obtained. Consequently, DES was prepared, which was 
then sealed and stored for further experimental use (Zhou et al. 2024). 

 
Preparation of eco-friendly composite paper 

The dried ginkgo leaf was ground into powder and passed through a 50-mesh sieve. 
The powder was then mixed with DES in a mass ratio of 1:15 and heated at 120°C for 2 h to 
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obtain a brown liquid. After cooling, an equal volume of distilled water was added for washing. 
Since lignin is hydrophobic, it can be rapidly precipitated and separated. Following filtration 
and additional washing steps to remove the DES, a high-solid-content and high-viscosity 
ginkgo cellulose-lignin slurry was obtained. The slurry was subsequently stirred and filtered 
again. The filtrate was evaporated to recover DES and can be reused. 

Willow catkins were pulverized for 2 min at 7000 rpm, and the desired fiber length was 
5-10 mm. Ginkgo cellulose-lignin slurry and willow catkins were mixed in different 
proportions, uniformly dispersed, and then pressed and dried at 110°C for 5 min using a paper 
sample press to obtain ginkgo leaf /willow catkins (GL/WC) composite paper. The experiment 
was repeated, with willow catkins replaced by kapok fibers, to prepare ginkgo leaf /kapok fibers 
(GL/KF) composite paper. 

 
Morphological characterization 

The morphological characteristics of willow catkins, kapok fibers, GL before and after 
treatment with DES were observed using scanning electron microscopy (SEM) (SU1510, 
Hitachi Limited, Japan). The samples were subjected to gold sputtering treatment prior to SEM 
analysis. 

 
FTIR analysis 

The chemical structures of GL and before and after treatment with DES, willow catkins 
and kapok fibers, were characterized by a Fourier Transform Infrared Spectrometer (FTIR) 
(Nicoletis, Thermo Fisher Scientific, USA) at room temperature, with a scanning range 
4000~500 cm-1. 

 
TG analysis 

The thermal property of willow catkins, kapok fibers were analyzed using 
a thermogravimetric analyzer (TG) (Q500, TA Instruments, USA) under a nitrogen 
atmosphere, from room temperature to 800 °C at a heating rate of 10 °C/min. 

 
Fluorescence properties 

The fluorescence effect of GL/WC or GL/KF composite paper was observed using 
an inverted fluorescence microscope (Nikon Ti-S, Nikon Corporation, Japan), and all images 
were taken in a dark field at room temperature. 

 
Water repellency 

The dynamic changes in the contact angles of water droplets on the surface of GL/WC or 
GL/KF composite paper were measured using a contact angle measurement system (SL200KS, 
Beijing Dataphys Instruments Co, China). The water contact angles at the initial state and after 
60 seconds of contact were compared to characterize the paper's water resistance. 

 
Anti-ultraviolet properties 

The anti-ultraviolet property of the GL/WC or GL/KF composite paper was measured by 
a textile ultraviolet tester (YG(B), Wenzhou Darong Textile Instrument, China), following 
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the standard “Textiles-Evaluation for solar ultraviolet radiation protective properties” (GB/T 
18830-2009). The lower the TUVA and TUVB and the higher the UPF value, the better 
the anti-ultraviolet property of the sample. 

 
Mechanical properties 

The tensile strength, tensile elongation, and tensile index of the GL/WC or GL/KF 
composite paper was determined using a tensile strength tester (YG028, Ningbo Textile 
Instrument Factory, China) with a sample of 15x1 cm, following the standard “Paper and board. 
Determination of tensile properties. Constant rate of elongation method” (GB/T 12914-2018); 
the softness of the composite paper was determined using the heart-shaped method with 
a sample size of 20 x 2 cm, following the standard “Textiles. Determination of bending 
behavior. Part 2: Heart loop method” (GB/T 18318.2-2009). 

 
 

RESULTS AND DISCUSSION 
 

The properties of raw materials  
Reaction mechanism of DES with ginkgo leaf is shown on Fig. 1. Chloride ions and 

hydroxyl groups between choline chloride and oxalic acid can form weaker hydrogen bonds, 
which reduce the compound's crystallization ability and keep DES in a liquid state at lower 
temperatures. These hydrogen bonds can also affect the ether bonds, reducing the required 
energy for cleavage of the ether bond (β-O-4). After the ether bonds (β-O-4) are broken, lignin 
with depolymerize into monomers in the DES (Maninder et al. 2023, Xia et al. 2021) and 
dissolve in the solvent. The acidic DES also helps to break down hemicellulose, amorphous 
cellulose, and other non-crystalline components. However, cellulose with higher crystallinity is 
insoluble. 

 
Fig. 1: Reaction mechanism of DES with ginkgo leaf (Maninder et al. 2023, Xia et al. 2021). 
 
Surface morphology  

The morphology of GL before and after DES treatment is shown in Fig. 2. It can be seen 
that the ground GL is irregular in shape with a diameter ranging from 20 to 70 μm and has 
a relatively rough surface. After DES treatment, the GL particles adhere to each other, forming 
a compact and fine overall structure with particle diameters ranging from 5 to 20 μm. After 
DES treatment, the surface of the GL becomes loose and rough, leading to the dissolution of 
hemicellulose and lignin and the exposure of internal fibers. 
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Fig. 2: SEM images of (a) GL before DES treatment and (b) GL after DES treatment.  
 

The SEM images of willow catkins and kapok fibers is shown in Fig. 3. The willow catkins 
have a diameter of about 5-15 μm and a length of about 5-15 mm (Fig. 3a). They are fine, soft, 
and light, with high bulkiness. The fibers are straight, and their surface is smooth. The kapok 
fibers have a diameter of about 20-45 μm and a length of about 8-32 mm, with a morphology 
similar to that of willow catkins (Fig. 3b). Both willow catkins (Fig. 3c) and kapok fibers 
(Fig. 3d) have distinct circular lumens in cross-section, with thin tube walls and large hollow 
spaces. This hollow structure is one of the main reasons for their hydrophobic properties, and 
they have good application prospects in fields such as thermal insulation materials, oil 
absorption materials, biomass carbon micropipes, and conductive aerogels (Li et al. 2016, Pan 
et al. 2024). 

 

 
Fig. 3: SEM images of longitudinal profile of (a) WC, (b) KF and cross-section of (c), WC 
(d) KF. 
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FTIR analysis 
FTIR spectra of GL before and after DES treatment are shown in Fig. 4a. The peak at 

3400 cm-1 is attributed to the -OH vibration. After DES treatment, the hydroxyl groups 
associated with hydrogen bonds are reduced, and new phenolic hydroxyl groups are generated 
due to the cleavage of β-O-4 ether bonds. The peak at 2920 cm-1 corresponds to the C-H 
stretching vibration of methyl and methylene groups in methoxy and side chains. 
The characteristic absorption bands of lignin are mainly between 1750 and 1500 cm-1, with the 
peak at 1720 cm-1 corresponding to the acetyl groups in hemicellulose and the carbonyl ester 
bonds in lignin. The peak intensity decreases significantly after treatment, indicating that DES 
removes certain amounts of hemicellulose and lignin. The peaks at 1610 cm-1 and 1520 cm-1 are 
related to the vibration of the aromatic nucleus of lignin, and the peak at 1460 cm-1 is associated 
with the side chain hydrogens on the benzene ring, corresponding to the characteristic of the 
lignin backbone. The peak intensity does not change significantly after DES treatment, 
indicating that the aromatic structure of lignin is not obviously destroyed. The peak at 
1240 cm-1 represents the stretching vibration of C-O in phenylpropanoids, resulting from 
the stretching of ether bonds between lignin and hemicellulose. The peak intensity decreases 
significantly after treatment, indicating that lignin is solubilized by breaking the ether bonds 
between lignin and hemicellulose. The peak at 1160 cm-1 is due to the asymmetric stretching 
vibration of C-O-C in cellulose, and the peak at 1110 cm-1 corresponds to the vibration of the 
C-C-C backbone of cellulose macromolecules. These two peak intensities remain almost 
unchanged after DES treatment, indicating that DES does not destroy the structures of cellulose 
(Wu et al. 2020). 

 

     
Fig. 4: a) FTIR spectra of GL before and after DES treatment, b) FTIR spectra of WC and KF. 
 

FTIR spectra of willow catkins and kapok fibers are shown in Fig. 4b. The absorption peak 
at 3340 cm-1 is attributed to the stretching vibration of -OH groups involved in hydrogen 
bonding. The peaks at 2940 cm-1 and 2890 cm-1 correspond to the asymmetric and symmetric 
stretching vibrations of aliphatic –CH2 and –CH3 groups, respectively. The characteristic 
absorption bands of lignin are mainly between 1700 and 1500 cm-1, with a peak at 1730 cm-1 for 
non-conjugated carbonyl groups and a peak at 1590 cm-1 for the aromatic ring skeleton 
vibration of lignin molecules. The absorption peak at 1420 cm-1 is a doublet for C-H bending 
vibration, the peak at 1240 cm-1 is for C-C skeletal vibration, and the peak at 1030 cm-1 is 
a significant C-O absorption peak from the cellulose skeleton. Studies have shown that kapok 
fibers contain 64% cellulose, 13% lignin, 8.6% moisture, 1.4-3.5% ash, 4.7-97% water-soluble 
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substances, 2.3-2.5% xylan, and 0.8% wax (Li et al. 2023, Zheng et al. 2021), and these 
compositions similar to those of willow catkins. 
 
TG analysis 

The TG analysis curves of kapok fibers and willow catkins are shown in Fig. 5. It can be 
seen that the two curves both show a stable and slow mass loss process below 200°C, which are 
mainly due to the release of adsorbed water and the degradation of polysaccharides. The main 
thermal mass loss occurs between 250°C and 350°C, during which cellulose in fibers begin to 
decompose significantly, and the final mass loss is due to the oxidation and decomposition of 
carbon, forming gaseous products with smaller molecular masses (Sangalang et al. 2021). 
Ultimately, at 600°C, the mass residue percent of kapok fibers is 15.23%, and that of willow 
catkins is 2.32%. Both fibers show minimal mass loss before 120°C, indicating good thermal 
stability to meet the required temperature in papermaking process. 

 
Fig. 5: TG curves of WC and KF. 
 
Surface morphology of composite paper 

From Fig. 6a, the blending of the ginkgo leaf without DES treatment and willow catkins 
cannot form into paper, which resulted that the ginkgo leaf without DES treatment has not 
bonding ability. From Fig. 6b, the GL slurry after DES treatment without willow catkins can 
form paper. However, due to the lack of reinforcing fibers, it is brittle and easy to break. Neither 
of these methods is suitable for preparing composite paper. From Fig. 6c, the GL/WC 
composite paper which prepared from ginkgo leaf treated with DES and willow catkins is flat, 
soft, and has a thickness of about 0.1 mm and a weight of about 50 g/m². The blended 
composites can be changed according to actual needs to obtain thicker or thinner composite 
paper. The selected fiber length should be between 5 and 10 mm. If the fibers are too long, 
it will lead to poor dispersibility and easy tangling during papermaking, resulting in uneven 
thickness or even holes. If the fibers are too short, it will lead to insufficient fiber intertwining 
and resulted in lower tensile strength of the composite paper.  

 

 
Fig. 6: a) GL/WC composites without DES, b) GL paper, c) GL/WC composite paper. 
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Surface morphology under the optical microscope 
The surface morphology of the composite papers prepared from different proportions of 

materials is shown in Fig. 7. under an optical microscope. The fibers intertwine with each other 
to form a compact structure. There is no significant difference in the surface characteristics of 
the GL/WC and the GL/KF composite papers. As the proportion of GL increases, the color of 
the composite paper deepens, and the fibers become closer to each other, making the smoother 
surface. However, if the proportion of GL is too high, the composite paper will become brittle 
and lose the characteristics of paper. Overall, the proportion of GL should be 70-90% for 
composite papers. 

 

 
Fig. 7: Optical microscope images of GL/WC and GL/KF composite papers. 
 
Surface morphology under fluorescence 

The fluorescence effect of the prepared composite papers is shown in Fig. 8.  
 

 
Fig. 8: Fluorescence images of (a) willow catkins (b) kapok fibers (c) ginkgo leaf treated with 
DES (d) composite paper. 
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It can be seen that the composite paper prepared from different materials exhibits 
a fluorescence phenomenon, which may be attributed to the presence of a large number of 
conjugated C=C double bonds on the benzene rings in the aromatic substances. These bonds 
allow the materials to absorb light energy, enter an excited state, and quickly return to 
the ground state, producing a fluorescence effect (Hu et al. 2017, Verenkar et al. 2020, Hou et 
al. 2017). The composite papers prepared from ginkgo leaf retains this characteristic, which can 
increase the recognizability of the composite papers and holds good application prospects in 
anti-counterfeiting fields. 
 
Functional and mechanical properties of composite papers 
Water repellency 

The front side of the natural ginkgo leaf is hydrophilic, while its back side is hydrophobic. 
After treatment with DES, GL possesses both polar hydrophilic side chains, such as phenolic 
hydroxyl groups, which can cross-link with cellulose to provide mechanical strength, and 
non-polar hydrophobic main chains, such as alkyl groups, which prevent water penetration 
(Wang et al. 2022, Hu et al. 2023). On the other hand, the surfaces for kapok fibers and willow 
catkins are both hydrophobic (Winges et al. 2024, Asyraf et al. 2023), and the higher 
the proportion in the composite paper is, the larger the water contact angle is. As shown in 
Tab. 1, the surface water contact angles of the composite papers made from ginkgo leaf are all 
greater than 90°, indicating hydrophobicity, and the hydrophobicity-maintained within 60 s. 
Among them, 70% GL /30% WC composite paper exhibits the largest water contact angle of 
144.2°. 

 
Tab. 1: Water contact angles of composite papers. 

Materials 0s Contact angle/° 60s Contact angle/° 
GL 96.9 88.6 
90 %GL/10 %WC 119.7 118.4 
80 %GL/20 %WC 127.1 125.5 
70 %GL/30 %WC 144.2 143.6 
WC 150.6 150.6 
90 %GL/10 %KF 112.3 111.7 
80 %GL/20 %KF 120.3 119.2 
70 %GL/30 %KF 130.7 129.8 
KF 135.0 134.7 

 
Anti-ultraviolet properties 

The UV resistance of the composite paper is presented in Tab. 2. It is evident that for 
composite paper made from the same raw material, the higher the proportion of GL, the better 
the UV resistance of the composite paper becomes. When the proportion of GL exceeds 70%, 
the UPF value of the composite papers can reach above 100, indicating excellent UV resistance. 
Compared with general printing paper with similar thickness (approximately 0.1 mm thick, 
approximately 70 g/m² in weight per square meter). The UPF value of the composite papers is 
significantly higher. 
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Tab. 2: UV resistance properties of the composite papers. 
Composite paper TUVA (%) TUVB (%) UPF
90 %GL/10 %WC 0.08 0.09 1928
80 %GL/20 %WC 0.10 0.14 806
70 %GL/30 %WC 0.27 0.22 482
90 %GL/10 %KF 0.11 0.11 850
80 %GL/20 %KF 0.17 0.20 493
70 %GL/30 %KF 1.66 0.58 244
general printing paper  2.32 2.00 52

 
Mechanical properties 

The mechanical properties of the composite papers are detailed in Tab. 3. The photo 
images of composite papers showing softness are shown in Fig. 9. It is observed that the 80% 
GL/20%WC composite paper exhibits the highest strength. At this ratio, the tensile strength, 
tensile elongation, and softness of the composite paper made from willow catkins are slightly 
greater than those made from kapok fibers. This difference may be attributed to the finer and 
softer characteristics of willow catkins, which contribute to a denser structure in the composite 
paper. The softness of the packaging paper was assessed using the heart-shaped method. It is 
noted that the higher the fiber content, the greater the hanging height, and consequently, 
the softer the packaging paper is. 

 
Tab. 3: Mechanical properties of the composite papers. 

Composite paper Breaking force (N) Elongation at break (%) Tensile strength (N/mm2) Softness (cm) 
90 %GL/10 %WC 2.79±0.27 1.33±0.10 0.19 5.62 
80 %GL/20 %WC 2.94±0.25 1.40±0.16 0.20 5.85 
70 %GL/30 %WC 2.54±0.30 1.43±0.18 0.17 6.03 
90 %GL/10 %KF 2.18±0.25 0.45±0.06 0.15 4.77 
80 %GL/20 %KF 2.17±0.28 0.56±0.08 0.14 5.36 
70 %GL/30 %KF 2.04±0.32 0.67±0.11 0.14 5.80 

 
Fig. 9: The photo images of composite papers showing softness. 
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CONCLUSIONS 
 

(1) A mixture of oxalic acid and acetylcholine can form DES, and it can be utilized to treat 
lignin from ginkgo leaf and obtain a cellulose-lignin slurry with a high solid content and high 
viscosity. By incorporating with willow catkins and kapok fibers, a low-cost GL/WC and 
GL/KF composite paper can be prepared. (2) In papermaking, the proportion of ginkgo leaf is 
preferably between 70% and 90%. The higher the content of ginkgo leaf, the better the UV 
resistance. The higher the content of willow catkins or kapok fibers, the better water resistance 
and softness of the composite papers. The UPF value reaches 1928 when the proportion of 
ginkgo leaf is 90%. The water contact angle reaches 144.2°, and the composite paper is the 
softest when the proportion of willow catkins is 30%. (3) The prepared GL/WC and GL/KF 
composite papers both show similar fluorescence and higher UV resistance. However, 
the strength and softness of the former are higher than those of GL/KF composite paper with the 
same proportion. 
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