
 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Liu et al. (2019). “3D printing of PLA WPCs,” BioResources 14(4), 8484-8498.  8484 

 

Polylactic Acid-based Wood-plastic 3D Printing 
Composite and its Properties 

 

 Lingxiao Liu,a,b Maohai Lin,a,b,* Zhang Xu,a,b and Meiqi Lin a,b  

 
Wood-plastic composites for 3D printing from plant fiber (bleached pulp 
powder, mechanical pulp powder, newspaper pulp powder, eucalyptus 
powder, pine powder, and lignin) and polylactic acid (PLA), with silane 
coupling agent (KH550) as plasticizer, were prepared via melt extrusion. 
The physical properties, such as surface morphology, apparent density, 
tensile strength, melt flow rate, compatibility, and thermal stability were 
measured. Moreover, the effects of the content of various types of plant 
fiber powder in PLA on the properties of the prepared composites were 
investigated. The results showed that the modified lignin/PLA composite 
exhibited a superior performance under the same added amount. In 
particular, when the amount of lignin added was 15%, the tensile strength 
of the composite was 74.0% higher than that of pure PLA, and the melt 
flow rate was reduced by 17.8% compared with pure PLA. The density of 
the composite increased 15.8% compared with pure PLA when the lignin 
content was 20%. The scanning electron microscopy cross-sectional 
morphology and differential scanning calorimetry analyses showed that 
the optimal addition amount of lignin was 15%. Finally, the prepared 
lignin/PLA composite material was used in 3D printing with a smooth silky 
property and an excellent printing performance. 
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INTRODUCTION 

 
In recent years, 3D printing has gradually appeared in people's field of vision. 

Various types of technologies have been used in 3D printing, such as fused deposition type 

(FDM), selective laser sintering (SLS), three-dimensional printing (3DP), and so on. 

Among them, FDM has been widely used due to its simple operation (Credi et al. 2016). 

The FDM technology is also continuously being developed in the 3D printing field, and 

printing materials are extremely important for the sustainable development of 3D printing. 

It has been confirmed that to a certain extent the properties of 3D printing materials directly 

determine the future development of the 3D printing field (Lee et al. 2014).  

Generally, most of materials used in FDM are mainly plastics, such as PLA and 

polycarbonate (PC). Among them, PLA has attracted much attention by academic 

researchers because of its complete biodegradability (Chia and Wu 2015). The PLA is 

produced by natural microorganisms. After being discarded, it can be completely degraded 

into carbon dioxide by bacteria in soil and decomposed, which avoids the pollution of the 

surrounding environment. It has been said that "because of nature, return to nature" by 

Letcher and Waytashek (2014). However, the application of PLA is limited in 3D printing 
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due to its high production cost, high brittleness, poor heat resistance, and poor tensile 

properties (Inzana et al. 2014). 

Therefore, researchers have begun to add various modifying substances to PLA to 

improve its performance. Among these modified substances, plant fibers have become an 

attractive material because of their relatively light weight, low cost, and their excellent 

renewability (Sitthi-Amorn et al. 2015; Stansbury and Idacavage 2016). Adding a certain 

amount of plant fiber into PLA to prepare 3D printed wood-plastic composite material not 

only reduces the production cost, but also makes the 3D printed product have a natural 

woody feeling, which partly offsets the disadvantages of pure PLA materials. 

The wood-plastic composite material not only combines the advantages of various 

substrates, but it also makes up for the shortcomings of individual materials, achieving 

complementary advantages and a good market prospect (Bhattacharjee et al. 2016; Afrose 

et al. 2016). Many scientists have conducted research on improving the performance of 

PLA-based wood-plastic composites for 3D printing, and it has been shown that the type 

and content of plant fibers in composites significantly affect the performance of wood-

plastic composites (Standau et al. 2019). For example, Mirko Kariz et al. (2018) 

investigated the effects of wood power content on the performance of 3D printed wood-

plastic composites, and found that the tensile strength of printed filaments increased from 

55 MPa to 57 MPa after adding 10% wood materials. However, as the wood content 

increased, the tensile strength significantly decreased. When the wood materials content 

increased to 50%, a lower tensile strength of 30 MPa was found. Daniel Filgueira et al. 

(2017) used thermomechanical pulp (TMP) fibers to mix with PLA to prepare materials for 

3D printing. From the measurement of the contact angle and mechanical properties, it was 

found that the prepared composite material has good hydrophobicity and mechanical 

strength and was suitable for use in 3D printing. Tao et al. (2017) prepared a PLA-based 

wood-plastic composite for 3D printing with a better printing performance when using a 

wood powder content of 5%. Fernández-Cervantes et al. (2019) obtained PLA polymeric 

scaffolds with bone tissue morphology by 3D printing, which should later be functionalized 

for reinforcement of the scaffold with hydroxyapatite.  

At present, although PLA-based wood-plastic composite materials for 3D printing 

have made some progress in preparation, there are still many shortcomings. Not only can 

a few species of PLA-based wood-plastic composite materials be used for 3D printing, but 

also minimal doses of plant fibers were added in the composite material. In response to 

this issue, this study considered different kinds of plant fibers that were melt-blended with 

PLA to prepare different species of PLA-based wood-plastic composite materials. Because 

the compatibility between plant fiber and PLA is poor, the plant fiber was modified with 

KH550 before making the wood-plastic composite material, so that the fiber is more evenly 

dispersed in the PLA to improves its compatibility with PLA. Then, through testing the 

apparent density, water absorption, tensile strength, melt flow rate, compatibility, and 

thermal stability of composite materials, the effects of plant fiber types and contents on the 

properties of PLA-based wood-plastic composites were analyzed. An optimum formulation 

to produce the best environmentally friendly 3D printed wood-plastic composite will be 

found. Finally, the prepared wood-plastic composite material will be applied in 3D printing 

to observe its printing performance. 
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EXPERIMENTAL 
 

Materials 
The materials used were PLA (4032D; Dongguan Xingwang Plastic Materials Co., 

Ltd., Dongguan, China), bleached pulp board, mechanical pulp board, newspaper powder, 

eucalyptus powder, pine powder, and lignin (Yatai Senbo Shandong Pulp & Paper Co., Ltd., 

Shandong, China). The experimental reagents used were a silane coupling agent (KH550; 

Qingdao Yousuo Chemical Technology Co., Ltd., Qingdao, China), absolute ethanol 

(Tianjin Fuyu Fine Chemical Co., Ltd., Tianjin, China), and silicone oil (Jiande Polymer 

New Material Co., Ltd., Jiande, China). 
 

Preparation of modified fiber 

The bleached pulp board, the mechanical pulp board, and the newspaper were cut 

into thin strips and pulverized by a micro-plant pulverizer (Shanghai Keheng Industrial 

Development Co., Ltd., Shanghai, China), and this was repeated until it became fine fibers. 

The milled fiber powder was sieved with wood powder and lignin powder through 300-

mesh, soaked in 3% concentration of KH550 aqueous solution, stirred uniformly, soaked 

at room temperature for 24 h, repeatedly rinsed with ethanol through a suction filter device 

(Gongyi Yingying Gaoke Instrument Factory, Gongyi, China), and then it was placed in a 

forced air oven for 8 h at 100 ℃. The dried fiber powder was finely pulverized by an 

ultrafine pulverizer (IKA, Königswinter, Germany), sieved through 300-mesh, and dried 

until use. The main components of the six plant fibers are shown in Table 1. 
 

Table 1. Analysis of Chemical Components of Plant Fibers 

Fiber Type Cellulose (%) Hemicellulose 
(%) 

Lignin (%)  Ash (%) Other (%) 

Bleached 
pulp 

89.70 7.30 1.20 0.27 1.53 

Mechanical 
pulp 

59.20 21.20 12.20 0.21 7.19 

Newspaper 
pulp 

64.39 14.94 12.11 0.36 8.20 

Eucalyptus 
powder 

41.80 27.90 27.40 0.29 2.61 

Pine 
powder 

48.80 22.70   24.90 0.33 3.27 

Lignin —— ——   97.60 0.46 1.94 

 

Table 2. Ratio of Plant Fiber/PLA Wood-plastic Composites with Different 

Components and Contents 

Sample Name Modified Fiber 
Content (%) 

PLA Content 
(%) 

Total Amount 
(g) 

Silicone Oil (%) 

Sample 1 — 100 100 3 

Sample 2 4 96 100 3 

Sample 3 6 94 100 3 

Sample 4 10 90 100 3 

Sample 5 15 85 100 3 

Sample 6 20 80 100 3 
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Preparation of modified fiber/PLA wood-plastic composite 

Six modified fiber powders and the PLA were dried prior to the experiment to 

remove any surface free water. The fiber powder and the PLA drying temperature were 

60 °C and 50 °C, respectively, and the drying time was 4 h. The dried six fibers were hand 

blended with PLA. The proportions of plant fibers in the composite are shown in Table 2. 

The mixed samples were separately added to a torque rheometer (XSS-300; 

Shanghai Kechuang Rubber & Plastic Machinery Equipment Co., Ltd., Shanghai, China) 

and a single screw extruder (LSJ20; Shanghai Kechuang Rubber & Plastic Machinery 

Equipment Co., Ltd., Shanghai, China) for melt extrusion drawing. The temperature of 

each zone of the extruder was set to 150 °C, 160 °C, 170 °C, and 175 °C, and the uniform 

splines were slowly removed. Then, it was passed through a plastic granulator (Shanghai 

Kechuang Rubber & Plastic Machinery Equipment Co., Ltd., Shanghai, China) for 

granulation, and the prepared granules were dried and then placed in an extruder for melt 

extrusion drawing, and then repeated until the thickness of the wood-plastic composite 

wires was uniform and the diameter was 1.75 mm, which was suitable for 3D printing. 

These wires were dried at 50 °C for 24 h to remove free water from the surface. A picture 

of the torque plastic extrusion device is shown in Fig. 1. 
 

 
Fig. 1. Torque rheometer + single screw extruder + granulator system 
 

3D printing performance test 

The prepared wood-plastic composite was used in a 3D printer (Beijing 3D Bote 

Technology Co., Ltd., Beijing, China) for the printing test. The experimental parameters of 

the 3D printing were: 60 ℃ hot bed temperature, 200 ℃ printing temperature, 60 mm/s 

printing speed, 80% filling rate, 0.3 mm printing layer thickness, and 0.4-mm nozzle 

diameter.  
 

Methods 
Apparent density 

When the apparent density of the samples was measured, their quality was first 

measured using the high-precision electronic balance, and then the volume of each sample 

was measured using the method of drainage. Samples were fully dried in the oven at 105 ℃ 

for 4 h before measurement. Each group of five samples’ average value was taken as the 

density value of the sample. The sample density value was obtained by Eq. 1, 

V

m
p 

                                   (1) 
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where “p” is the density of the sample (g/cm3), “m” is the mass of the sample (g), and 

“v” is the volume of the sample (cm3). 
 

Tensile strength performance characterization 

The tensile strength of each test piece (L150mm，Φ1.75 mm) was tested five 

times using a universal tensile machine (XWN-20; Changchun Xinke Testing Instrument 

and Equipment Research Institute, Changchun, China), and the average value was recorded. 

The tensile load of the test was 50 mm/min during the experiment. The tensile strength test 

calculation formula is shown in Eq. 2, 

2πr

p
α

                                  (2) 

where “α” is the tensile strength of the sample (MPa), “P” is the maximum tensile load the 

specimen is subjected to (N), “r” is the sample radius (mm). 

 

Melt flow rate test 

The melt flow rate (MFR) of the composite material was tested by a melt flow rate 

meter (Chengde Precision Testing Machine Co., Ltd., Chengde, China), and 4 g of the 

sample was taken. The set temperature was 190 °C, the cutting time was 30 s, and the 

number of cuts was 5 (Väisänen et al. 2018). The MFR calculation formula is shown in Eq. 

3, 

t

W600
MFR




                            (3) 

where “W” is the average mass of the sample (g) and “t” is the sampling interval (s). 

 

Scanning electron microscopy (SEM) 

A scanning electron microscope (Hitachi Regulus 8220; Hitachi, Ltd., Tokyo, Japan) 

was used to observe the morphology of the sample section, and the modification 

mechanism was considered. Prior to the SEM scan, the sample section was subjected to 

vacuum metallurgy. The purpose of this was to make the sample electrically conductive, 

and then observe the cross-sectional surface morphology with a scanning electron 

microscope. The scanning speed was 500 times and 3000 times, and each sample was 

scanned 5 times. 

 

Differential scanning calorimetry (DSC) 

Approximately 4 g of the sample were placed in an aluminum crucible and warmed 

from room temperature to 200 °C at a rate of 10 °C/min. After the temperature reached 

200 °C, the temperature was stopped for 5 min to eliminate the heat influence, and then the 

temperature was lowered to room temperature at a rate of 5 °C/min, and the temperature 

was kept for 5 min after the completion of the temperature reduction. The crystallization 

behavior of the sample under different conditions was studied through analyzing the DSC 

curve during the cooling process. 
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RESULTS AND DISCUSSION 
 
Effect of Modified Plant Fiber on Apparent Density of PLA-based Wood-
plastic Composites 

Density is an important indicator to examine the 3D printed performance of 

materials. The densities of PLA-based wood-plastic composites with the addition of 

different modified plant fiber types and contents are shown in Fig. 2. 

 

      
 

Fig. 2. Effect of modified plant fiber type and content on apparent density of composites: (a) pulp 
fibers and (b) wood fibers 

 

The density of the PLA-based wood-plastic composite material gradually increased 

with the increase of the modified fiber content (Fig. 2), especially when the content of the 

modified fiber in the composite material increased from 10% to 20%. This was mainly 

attributable to the fact that the density of the modified fiber (1.30g/cm3 to 1.50g/cm3) was 

greater than that of the PLA (1.22 g/cm3) (González-López et al. 2019). During the 

preparation of the composite material, the fibers were tightly wrapped inside the PLA, and 

the density of the composite increased through the tight combination between them. 

Therefore, a larger proportion of modified fibers resulted in a greater density of the 

prepared composite. 
 

 
 

 
Fig. 3. Effect of modified plant fiber type on apparent density of composites 
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For wood-plastic composites, the density ought to be as high as possible. Therefore, 

PLA-based wood-plastic composites with a modified plant fiber addition amount of 20% 

were selected, and the effects of different modified plant fiber types on their apparent 

density were compared and analyzed. 

In Fig. 3, the type of modified fiber had a negligible effect on the density of the 

composite. When the amount of modified fiber added reached 20%, the apparent density 

of the newspaper pulp/PLA composite was relatively low because the newspaper fiber is 

made of newspaper with a low density. In contrast, the apparent density of the lignin/PLA 

composites was relatively high, i.e.15.8% higher than that of pure PLA. This was because 

the density of lignin is higher than that of other materials. After fusion with PLA, the 

density of composites noticeably increased. 

 

Effect of Modified Plant Fiber on Strength Properties of PLA-based Wood-
plastic Composites 

Strength performance is one of the most important indicators of wood-plastic 

composites, and it could affect the application of composite materials to a certain extent. A 

higher tensile strength could make the performance of wood-plastic composites become 

better (Oguz et al. 2019). The tensile strength of wood-plastic composites with different 

modified plant fiber types and contents are shown in Fig. 4. The tensile strength of PLA-

based wood-plastic composites first showed an increasing trend and then a subsequent 

decrease with the increase of modified fibers addition. When the amount of modified fiber 

reached 15%, the tensile strength of the composite reached a maximum value, the 

lignin/PLA composite exhibited a maximum tensile strength of 20.7 MPa compared with 

pure PLA (11.9 MPa), representing an increase of 74.0%. The amount of modified fiber 

had an obvious influence on the tensile strength of the composite. The small amount of the 

modified fiber resulted in an insufficient dispersion in the interior of the composite material, 

and a discontinuous strong reinforcement, thereby failing to enhance the effect. When the 

addition amount of the modified fiber was gradually increased, it became intertwined in 

the interior of the composite to form a 3D reinforcement that penetrated the inside of the 

material, thereby improving the tensile strength of the PLA-based wood-plastic composite. 

When the content of the modified fiber continued to increase, the fiber could not be 

completely covered by the PLA, and it was easily agglomerated inside the composite 

material. There was space between the powder particles, which contributed to low tensile 

strength of the composite material. 

 

      
 

Fig. 4. Effect of modified plant fiber type and content on tensile strength of composites: (a) pulp 
fibers and (b) wood fibers 
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Comprehensively, PLA-based wood-plastic composites with 15% plant fiber had 

the best tensile strength. Therefore, PLA-based wood-plastic composites with 15% plant 

fiber addition were selected, and the effects of different plant fiber types on tensile strength 

were compared and analyzed. 

 

 
 

 

Fig. 5. Effect of modified plant fiber type on tensile strength of composites 
 

Figure 5 shows a relationship between the tensile strength of the composite and the 

type of used reinforcement. Among all of the PLA-based wood-plastic composites, the 

lignin/PLA composites presented the highest tensile strength, and the newspaper pulp/PLA 

composites showed the lowest tensile strength. This was attributed to the fact that lignin-

containing fiber has strong supporting properties, which plays a certain role in supporting 

the matrix and increasing the mechanical properties in the composite material. For the 

newspaper pulp, the soft recycled fiber could not support the PLA and led to a low tensile 

strength of the composite material. When the fiber addition amount was 15%, the tensile 

strength of the newspaper pulp/PLA composite reached 15.7 MPa, which was only 31.9% 

higher than the tensile strength of pure PLA (11.9 MPa). 

 
Effect of Modified Plant Fiber on Melt Flow Rate of PLA-based Wood-plastic 
Composites 

In the 3D printing process, a high fluidity of the printed materials is often required. 

The low flowability of the printing material usually causes difficulty in squeeze forming 

during printing, which is not conducive to filling. When a high fluidity of the printing 

material tends to be difficult to form sufficient pressing pressure, it is also not conducive 

to product molding (Tran et al. 2017). 

The melt flow rate of wood-plastic composites with different modified plant fiber 

type and content are shown in Fig. 6. The melt flow rate of the PLA-based wood-plastic 

composite material tended to decrease with increasing amount of modified fiber. The good 

fluidity of PLA could improve the melt reaction with the modified fiber and form a complex 

rheological system in a molten state, because a large amount of carboxyl groups in the fiber 

will recombine with PLA. Therefore, the melt flow rate of PLA-based composites was 

clearly reduced. 
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Fig. 6. Effect of modified plant fiber type and content on melt flow rate of composites: (a) pulp 
fibers and (b) wood fibers 

 

In combination with density and tensile strength, a wood-plastic composite with a 

plant fiber addition of 15% was selected for comparison. The effects of different modified 

plant fiber type on the melt flow rate of the composites were compared and analyzed and 

are shown in Fig. 7. 

 

 
 

 
Fig. 7. Effect of modified plant fiber type on melt flow rate of composites 

 

In Fig. 7, under the same amount of the added modified fiber (15%), the melt flow 

rate of the PLA-based wood-plastic composite material prepared from the six materials, 

specifically the bleaching pulp, mechanical pulp, newspaper pulp, eucalyptus powder, pine 

powder, and lignin, decreased from the pure PLA: 5.23 g/10 min to 4.20 g/10 min, 4.27 

g/10 min, 4.11 g/10 min, 4.20 g/10 min, 4.24 g/10 min, and 4.30 g/10 min, respectively. 

The melt flow rate of the lignin/PLA composite was 17.8% lower than that of pure PLA. 

The melt flow rate of the newspaper pulp/PLA composite was 21.4% lower than that of 

pure PLA 
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SEM Characterization of Modified Lignin/PLA Wood-plastic Composite 
Through analyzing and comparing the apparent density, tensile strength, and melt 

flow rate of the composite, it was concluded that the performance of modified lignin/PLA 

composites under the same conditions were superior to other composite materials. To 

further explore the compatibility between lignin and PLA and find the optimal dosage of 

modified lignin, SEM imaging was used to scan the cross-section of composites with 

different lignin content to observe the dispersion of lignin in the PLA matrix. 

 

      
 

    
 

Fig. 8. SEM analysis of composites with different modified lignin content: (a) pure PLA, (b) 10% 
lignin fiber, (c) 15% lignin fiber, and (d) 20% lignin fiber  

 

The SEM images of the cross-sectional structure of PLA-based wood-plastic 

composites with different modified lignin additions (0%, 10%, 15%, and 20%) are shown 

in Fig. 8. The surface of pure PLA was smooth and flat. When a small amount of lignin 

was added (10%), the composite displayed a good fusion property and dense cross-

sectional structure, and the lignin was uniformly distributed in the PLA. When the amount 

of lignin added was 15%, the lignin was encapsulated well by PLA. A 3D reinforcing 

system formed with uniform dispersion inside. When the amount of lignin addition reached 

20%, agglomerates of lignin were present in the PLA, revealing the rough cross-section of 

the composite, and many large holes appeared inside the material, as shown in Fig. 8(d). 

The SEM images of a lignin/PLA wood-plastic composite material with a 3,000-

fold lignin content of 15% and 20% are shown in Fig. 9. In Fig. 9(a), when the amount of 

added modified lignin increased to 15%, the lignin was uniformly dispersed in the PLA 

and wrapped in the PLA. When the amount of modified lignin increased to 20%, the lignin 

was not well dispersed in PLA. A clear agglomeration in PLA, and some gaps between 

lignin and PLA, were observed as shown in Fig. 9(b). 

(a) 

(c) 

(b) 

(d) 
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Fig. 9. SEM analysis of composites with different modified lignin content: (a) 15% lignin fiber and 
(b) 20% lignin fiber 

 

Effect of Modified Lignin on Thermal Properties of Composites 
The PLA is a substance that is easy to crystallize, and its crystallinity could affect 

the thermal and mechanical properties of the composite. The modified lignin fiber was 

selected to enhance the PLA, and the effects of different contents of modified lignin on the 

thermal properties of the lignin/PLA composite during cooling were investigated. 

Figure 10 shows the cooling DSC curve of PLA composites with different contents 

of modified lignin, and Table 3 concludes the thermal performance data of the composite. 

As shown in Fig. 10 and Table 3, the crystallization temperature of pure PLA was 67.5 °C. 

The addition of lignin enhanced the crystallization temperature of the PLA composite, and 

the crystallization temperature of the lignin/PLA composite was obviously higher than that 

of pure PLA. When the content of lignin in the composite was 10%, secondary 

crystallization appeared. When the amount of added lignin was 15%, the first 

crystallization temperature of the composite increased to 102.4 °C, which was 34.9 °C 

higher than the crystallization temperature of pure PLA (67.5 °C). 

 

 
 
Fig. 10. Cooling DSC curve of the effect of different contents of modified lignin on the properties 
of composites (1# pure PLA, 2# lignin content 4%, 3# lignin content 6%, 4# lignin content 10%, 
5# lignin content 15%, and 6# lignin content 20%) 

 

(a) (b) 

Temperature (°C) 
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Table 3. Effect of Different Content of Lignin on the Cooling Performance of 

Wood-plastic Composites 

Lignin Fiber Content (%) Tc1 (℃) Tc2 (℃) 

0 67.47 — 

4 97.02 — 

6 98.79 — 

10 100.06 131.34 

15 102.36 133.75 

20 101.71 131.08 

* Tc1 is the first crystallization temperature during the cooling process; Tc2 is 
the second crystallization temperature during the cooling process 

 

The composite had a higher crystallization temperature, indicating its good 

mechanical properties and thermal properties. However, when the lignin content reached 

15% and continued to increase its amount to 20%, the crystallization temperature of the 

lignin/PLA composite began to decrease. This was because after lignin was added to PLA, 

it formed a crystallization point in the PLA and acted as a crystal nucleating agent, which 

made the PLA crystal more perfect. The chain arrangement was more regular, the crystal 

size was smaller, and thus the crystallinity could be improved. However, the continued 

increase of lignin content will make the viscosity of the system become larger and make 

the lignin difficult to disperse. Furthermore, the small-sized particles will agglomerate 

together to form larger-sized particles, which can no longer function as a nucleating agent 

(Fortunati et al. 2012). During the crystallization process, the movement of the molecular 

segment was hindered, and the crystallinity of the molecule was lowered so that the 

crystallization temperature of the composite material was gradually lowered (Wendi et al. 

2016). Figure 10 and Table 3 show that when 15% lignin was added, its effect on PLA 

crystallization performance and thermal properties was particularly remarkable. 
 

3D Printing Performance Test of Lignin/PLA Wood-plastic Composite 
After a series of experiments and tests, it was concluded that the PLA-based wood-

plastic composite prepared with the addition of 15% modified lignin had the best 

comprehensive performance. A lignin/PLA wood-plastic composite material with better 

properties was prepared for the printing test in a 3D printer (Chao et al. 2018).  
 

        
 

Fig. 11. 3D printer working diagram 

(a) (b) 
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It was found that the smoothness and silky texture achieved during the 3D printing 

process was good, the printing effect was good, and there was no occurrence of broken 

wire or warpage, which satisfied the requirements of 3D printing, and could be applied to 

3D printing. A 3D printer working process is shown in Fig. 11, a 3D printed wire is shown 

in Fig. 12(a) and a 3D printed article of lignin/PLA wood-plastic composite is shown in 

Fig. 12(b). 
 

      
 

Fig. 12. (a) 3D printing material and (b) 3D printed product  

 
 
CONCLUSIONS 
 
1. Modified plant fiber was found to be compatible with poly-(lactic acid) (PLA). With 

an increased amount of modified plant fiber, the PLA-based wood-plastic composite 

material had an overall upward trend in apparent density compared with pure PLA. In 

terms of tensile strength, the tensile strength of PLA-based wood-plastic composite 

material first increased and then decreased, while its melt flow rate showed an overall 

downward trend.  

2. The modified lignin/PLA composite had the best overall performance when the amount 

of modified plant fiber was the same. When the amount of lignin added was 15%, the 

tensile strength of the lignin/PLA composite reached 20.7 MPa, which was 74.0% 

higher than that of pure PLA, and the melt flow rate decreased 17.8% compared with 

pure PLA. When the amount of lignin added was 20%, the density of lignin/PLA 

composite increased 15.8% compared with pure PLA. The SEM scan of the cross-

sectional morphology and the DSC analysis showed that the optimal addition amount 

of lignin was 15%. 

3. The prepared lignin/PLA wood-plastic composite material was used in 3D printing, and 

it was found to be smooth with a silky texture, the printing effect was good, and there 

was no occurrence of broken wires or warpage, which satisfies the requirements of 3D 

printing, and can be applied in 3D printing. 
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