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Abstract 

Lignin is introduced as a suitable component for selective laser sintering (SLS) of polyamide 

(PA12) to reduce costs while maintaining or improving processability and performance. Alkali 

lignin (sourced as a polydisperse, amorphous powder) was used at a volume concentration of 

up to 60 vol% for 3D-printing complex, layered structures. The latter were obtained as high 

axial aspect objects, produced in the flat, flipped (90°), and vertical directions, which were 

further examined to elucidate the effect of lignin as a suitable component in SLS. The 
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composite withstood heating during SLS and sintered PA/lignin showed 30% less degradation 

at elevated temperature compared to pure PA. The morphological, wetting, mechanical, and 

thermal characteristics associated with the 3D-printed structures were compared. For instance, 

the strength and wettability were highly dependent on processing orientation. Compared to 

objects produced from neat PA, those that included lignin presented a higher porosity (~10%) 

with a simultaneous increase in stiffness (increased Young modulus, by ~16%, and reduced 

tensile strength, by ~7%). Owing to differences in surface roughness and composition, an 

important difference in the water contact angle (CA) of the samples printed in the flipped and 

flat orientations were observed (55° and 126°, respectively). Overall, SLS is shown as a 

developmental step toward lignin valorization in composites while allowing reduced cost, 

scalability, and facile processing.  

Keywords: Lignin, polyamide, selective laser sintering, additive manufacturing 

Introduction 

Lignin is one of the main biopolymers in plants and accounts for about 30% of non-fossil 

organic carbon in the biosphere.1 Although lignin is abundantly available, it has a complex and 

chemically diverse structure, with relatively low reactivity and processability, depending on 

the source. So far, lignin utilization has been mostly limited to energy generation in boilers 

while the balance, a minor portion, is used for animal feed, as a natural binder, adhesive, and 

in coatings, among others.2–6 

Along with delignifying wood in typical pulping processes, considerable amounts of technical 

lignins can be made available for high-value chemicals from biomass as well as low-cost by-

products.7,8 Technical lignins can offer promise when applied as fillers in polymer composites, 

e.g., for use as a stabilizer and antioxidant and compounding with polyolefins.9–11 Recently, 

several studies have focused on lignin as a reinforcing filler and as an alternative to carbon 



black in rubber manufacturing, for example, toward the production of green tires. However, 

fundamentally, mixing quality and interfacial interactions remain the most important 

challenges that need to be addressed.12,13  

Composite films have been reported with 5% to 15% biorefinery/organosolv lignin in 

polylactic acid (PLA). The thermal stability and brittleness of the composites were enhanced 

compared to pure PLA, whereas the tensile strength decreased.14 Such latter effect is mostly 

associated with the inhomogeneous dispersion of lignin particles and the interfacial 

incompatibility with the polymer matrix.15–17 The challenges to uniformly disperse lignin can 

be addressed by its (surface) modification or improving the mixing efficiency. Lignin-

containing composites can be processed with conventional manufacturing techniques such as 

injection molding as well as layer-by-layer additive manufacturing (AM). Lignin as a filler or 

reinforcing agent has been successfully tested at loadings of up to 15% in several AM 

processes, including fused deposition molding (FDM)18 and resin-based stereolithography 

(SLA).19 In this context, lignin has been typically employed as a substitute for conventional 

polymer matrices to reduce material cost and enhance the share of the bio-based composition. 

The fabrication of parts solely consisting of lignin remains problematic due to its complex 

thermal behavior and brittleness. However, commercially available injection molding materials 

such as “arboform”,20 which contain high levels of cellulose (  ̴60 %), lignin ( ̴ 30 %), and other 

natural additives, the latter used as a plasticizer, may represent valuable bio-based alternatives 

to those from fossil carbon.  

Amongst a large number of available AM processes, selective laser sintering (SLS) represents 

one of the most relevant processes toward end-use components.21,22 Shortly, SLS uses a 

polymer powder that is spread as a bed, and a selected area is irradiated with a laser. The heated 

material sinters (SLS) or melts (selected laser melting, SLM), forming a solid layer.  

Hypothetically, all powders that tend to fuse under the exposure of a laser beam and solidify 



rapidly, under adjustable processing conditions, are suitable for SLS. The classes of materials 

that fulfill these requirements include metals, ceramics, and some polymer.23  Unfortunately, 

the materials typically used in SLS manufacturing are relatively more expensive given the 

required control on particle size, morphology, and size distribution. Therefore, there is a need 

for cost-effective alternatives while maintaining print quality. Importantly, aging of the powder 

under processing temperatures and storage time are two additional challenges in SLS, which 

also affect the mechanical and visual properties of the final product.24,25 

SLS can yield objects with complex geometries and high fidelity; alongside, SLS enables a 

comparatively high production rate and affords a wide selection of materials. To boost 

productivity, the SLS components can be fabricated with layer thicknesses of 60-180 µm, and 

up to four lasers can be used simultaneously. In such a process, the powder bed is preheated 

close to the sintering temperature to avoid significant temperature gradients, and the additional 

heating provided by the scanning laser(s) fuse the particles with the given spatial resolution. 

Today, PA12 is the most frequently processed material in SLS and have, in fact, acquired 

industrial relevance.26 This is due to its strength, dimensional flexibility, and heat resistance. 

PA12 has a balanced property profile suitable for SLS processing into structures with a wide 

range of applications.22 To address the environmental concerns related to materials derived 

from fossil-carbon, fully bio-based polymers, such as PA11 derived from castor oil, have been 

considered. However, the use of PA11 for SLS requires an inert gas chamber for processing.27 

In this study, a lignin/PA12 composite material is demonstrated as a way to valorize lignin and 

to produce low-cost, thermally stable, and strong SLS composites. To the best of our 

knowledge, this is the first report on the synthesis of highly loaded lignin SLS structures. 

  



Materials  

Alkali lignin powder was purchased from Sigma-Aldrich (47 - 51 % carbon content and sulfur 

< 3.6 %, particle size ranging from few microns to 40 µm). PA12 powder (Sinterit PA12 

smooth, particle size of 18-90 µm) was obtained from Sinterit (Poland). Ethanol (ETAX Aa 

99.5%, Finland) and distilled water were also utilized.  

Methods and Characterization  

Printing process. Initially, a certain amount of PA12 and alkali lignin dry powders were 

measured and mixed mechanically for several minutes using a rotating blender to obtain the 

desired volume/mass ratio. Afterward, the blended dry powder (lignin: PA 40:60 wt%) was 

immediately fed to the SLS system for pre-heating until reaching a temperature of 175 °C, 

which took approximately 50 min. Subsequently, sample fabrication started automatically. All 

samples were printed using an entry-level SLS called Sinterit Lisa with a maximum build 

volume of 150 mm × 200 mm × 150 mm, and an IR laser diode of 5 W. Instead of applying a 

deflection mirror system, we used a print head equipped with the laser scanning the cross-

sectional areas of the sliced component. For mechanical testing, dog-bone shape samples 

(Figure 1) were printed with different orientations, including horizontal or flat (parallel to the 

platform), horizontally flipped by 90°, and vertical (perpendicular to the platform). The print 

was performed using a laser type IR diode (5 W, wavelength of 808 nm), for a print surface 

temperature of 174.5 °C and layer thickness of 0.125 mm. The conditions were determined 

from preliminary experiments to optimize the quality of printed samples. Throughout this 

discussion, the samples are referred to as flat (horizontally flat, parallel to the platform), 90° 

(horizontal, flipped by 90°), and vertical, according to the printing orientation. The latter was 

shown to produce low print quality and was deemed not relevant for further comparison (see 



Supporting Information). All printed samples were cold-dried at room temperature after SLS 

processing. 

 

Figure 1. Dog bone objects 3D-printed using different layer deposition directions concerning 

the platform, from left to right: 90°, flat, and vertical.  
 

The presence of lignin increased the overall temperature of the build envelope, which 

eventually caused a selective fusion of unscanned areas (Figure S1). This issue was even more 

noticeable in larger builds, for instance, during the printing of the vertical samples. Therefore, 

we applied a temperature offset of -3 °C compared to the default value (Note: the maximum 

possible temperature offset of -5 °C did not prevent the powder from fusing in the areas relevant 

to the actual component prevented printing of specimens in the vertical orientation). 

Preliminary tests using different lignin loadings were conducted, but the present discussion 

focused on the samples with a lignin content of 60 vol% (40 wt%), which was the maximum 

volume tested. 

Differential scanning calorimetry (DSC). About 5 mg of sample was placed into a Tzero 

aluminum pan and sealed with a standard lid. The measurements were performed with a DSC (TA 

Instruments, MT-DSC Q2000, USA) using a scan rate of 5 ̊C/min. Two heating/cooling cycles were 

employed. The melting enthalpy (ΔHm) as well as the melting (Tm) and crystallization (Tc) 

temperatures were determined from the second cycle.  



Thermogravimetric analysis (TGA). The thermal stability and the compositional degradation 

behavior of lignin, PA12, and their blends, before and after sintering, were studied by 

thermogravimetric analysis (TGA, TA Instruments Q500, USA) operated from 30 °C to 600 °C 

with a heating rate of 5 °C/min and under nitrogen atmosphere. 

Microstructure. The microstructure of the powder and the laser-sintered sample was observed 

with a scanning electron microscope (SEM, Zeiss Sigma VP, Germany) operated at an 

accelerated voltage of 2 kV. Samples were fixed on metal stubs using double-sided carbon tape 

and sputtered with a layer of a thickness of 4 nm of gold-palladium alloy using a LEICA EM 

ACE600 (Leica, Germany) sputter coater before imaging.  

Porosity. The porosity of the laser-sintered samples was evaluated by applying the ethanol 

replacement method.28 Briefly, a sintered sample (6 mm × 6mm × 3 mm) was immersed in extra-

pure ethanol, and the weight changes were monitored until reaching a constant value. The porosity 

Φ was calculated following Equation 1, where msat is the weight of the saturated sample, md (g) is 

the weight of the dried sample, ρ is the density of ethanol, and V is the apparent volume. The reported 

Φ values represent the average of three replicates.    

Φ (%) = (
(𝒎𝒔𝒂𝒕− 𝒎𝒅)/𝝆

𝑽
) ×  𝟏𝟎𝟎                                                                                                         (1) 

Density. The density (
𝒈

𝒄𝒎𝟑) of the SLS structures of defined geometry was simply calculated by 

dividing the weight of the sintered sample by its volume.  

Surface area and pore volume. The surface area and pore volume were measured by N2 adsorption 

on the solid at given relative pressures (Micromeritics Tristar II), following the Brunauer Emmett 

Teller (BET) and Barrett Joyner Halenda (BJH) models. Before the measurements, the samples were 

oven-dried at 120 °C overnight, and the degassing step was performed for 90 minutes at 120 °C.   



Mechanical strength. Tensile testing was conducted following ASTM D638 Type IV (Instron 

5944 system). The measurements were conducted at 23 °C and 50% RH with a load cell and a 

crosshead rate of 2 kN and 1 mm/min, respectively. The reported values are the average of 4-

5 tested samples.  

Water Contact angle. The wettability of the samples was measured by assessing the water 

contact angle (CA) of printed samples (90° and flat orientations) using a Theta Flex Optical 

Tensiometer. The contact angle of the water droplets was calculated from image analysis using 

the OneAttension software.   

Fourier transform infrared spectrometry (FTIR). The chemical features of PA12 and lignin 

powders, as well as the blend and sintered sample, were evaluated using FTIR with ATR 

(PerkinElmer spectrum 100 FT-IR) operated at wavenumbers from 4000 to 500 cm-1 (resolution 

of 4 cm-1, and rate of 32 scans). 

Results and discussion 

Thermal properties. For SLS, the powder needs to reach the sintering temperature (Tg), below 

the melting temperature (Tm), so that particles fuse to each other but avoiding undesired 

polymer melting, fusion, or degradation (Figure S1). To better understand thermal behavior at 

high temperatures and establish suitable printing conditions, the thermal behavior of the lignin, 

PA, and the mixture (60 vol% lignin, 40 vol% PA), before and after sintering, was studied by 

DSC and TGA. As an amorphous polymer, lignin undergoes physical changes under heating, 

transitioning into glassy and rubbery states at the Tg. According to the literature, the Tg of lignin 

is difficult to discern accurately, and a single value of Tg does not exist but rather a range 

(typically between 90 °C to 180 °C), depending on moisture content and lignin type.29,30 The 



Tg of PA, with a relatively high degree of crystallinity, was assumed to be ~50 °C, according 

to reports from the literature.31  

Compared to pure PA, the lignin/PA sample showed a fairly similar melting temperature; 

however, the crystallization temperature decreased slightly (Figure 2a, Table 1, and Table S1 

for mixed powder before sintering).32 The melting temperature of the samples (177 °C) was 

slightly higher than the print surface temperature (175 °C), which was a requirement for 

successful processing, e.g., to avoid unwanted fusion. The additional energy needed to sinter 

selective areas was provided by the laser; notably, temperature gradients between the print 

surface and melting points are ideally low to limit the risk of bending or twisting the structure. 

The degradation temperature of PA, lignin, and PA/lignin are shown in Figure 2b. As noted, 

the lignin had a slight mass loss (2 %) below 100 °C, which was attributed to the moisture; no 

substantial mass loss up to the printing temperature (177 °C) was recorded, which suggested 

that lignin could withstand the applied heating, without substantial degradation. Besides, the 

sintered PA/lignin showed no thermal degradation near the printing temperature region. Over 

97% of pure PA was decomposed at elevated temperatures; however, compared to pure PA, 

the mass loss (77%) decreased in the lignin/PA composite. The DTG of pure lignin, DSC, and 

TGA analyses of mixed, non-sintered lignin/PA powders are shown in Figure S2, Figure S3 

and Figure S4 respectively.  

Table 1. The latent heat of melting (ΔHm), melting (Tm), and crystallization (Tc) temperatures.  

 ΔHm 

(J/g) 

Tm 

(°C) 

Tc 

(°C) 

 

PA 41.7 176.5 154.2  

Lignin/PA, sintered 27.8 176.6 149  

 



 

Figure 2. DSC scans of lignin, PA, lignin/PA (60:40 vol%) after sintering obtained during (a) 

heating and cooling cycle from 0 °C to 220 °C. (b) Thermogravimetric analysis of the samples 

tested from room temperature to 600 °C. 

 

Microstructure. According to the SEM imaging, lignin powder particle sizes span the range 

from few microns to 40 µm (Figure 3a), making lignin a suitable filling material since smaller 

particles can fit void spaces, optimizing the packing. Compared to lignin, PA particles, Figure 

3b, were larger (18-90 µm) and more homogeneous in size. The surface of pure SLS dog bones 

prepared with neat PA was rather uneven (flat and 90° orientation, Figure 3c-d). With the 

addition of lignin, the print quality was enhanced and resulted in smoother surfaces. The flat 

dog bone presented in Figure 3f shows even surfaces, considering that the surface comprises 

a single layer (as displayed in the layer depositions in Figure 1); however, the surface of the 

90° sample included as many layers as the whole structure (Figure 3e). The polydispersity of 

lignin contributed to a relatively homogeneous surface structure in 90° and flat sintered 

samples, as indicated in Figure 3e-f (500X magnification). During material processing, PA 

particles melted under laser irradiation and fused with each other while entrapping the lignin 

component. 



 

Figure 3. Scanning electron microscopy images of (a) lignin and (b) PA powders. Image of 

sintered neat PA (c) 90° and (d) flat samples. Also, the images of samples of sintered Lignin/PA 

composites are included: (e) 90°, and (f) flat samples. The lignin:PA volume ratio used was 

60:40 vol%. All images correspond to 500X magnification. 

 

The layer thickness in print settings was adjusted to 0.125 mm, according to the standard mode 

used for neat PA, as defined by the manufacturer (Sinterit’s standard mode). In addition to laser 

power, other variables contribute to a high degree of powder sintering, including the laser spot 

size, scan speed, size and dispersity of the sintering particles.33 On one hand, low laser power, 



high layer thickness, and fast scanning speed may provide a limited energy density to sinter the 

polymer and merge the layers effectively. On the other hand, high laser power, low layer 

thickness, and low scan speed can result in substantial material evaporation.34 Therefore, a 

proper balance of processing parameters is required to achieve a high print quality and to fulfill 

the mechanical performance requirements of the developed structure. The cross-section of 

layers printed from neat PA was relatively packed, and most of the PA particles were fused, as 

shown in Figure 4a-b. With the addition of lignin, the laser beam fused the polyamide on the 

surface (̴ 40 µm on the top part of the layer thickness) and prevented the laser beam from 

reaching the bottom section of each layer, thus limiting PA fusion (Figure 4c). However, the 

SEM image of the non-fused area obtained at larger magnifications, Figure 4d, shows a 

combination of fused and non-fused PA in the presence of lignin.  

 

 

Figure 4. SEM cross-section images of samples printed by SLS: neat PA at (a) 50X and (b) 

500X magnifications, lignin/PA composite at (c) 50X and (d) 500X magnifications. 



 

Surface area, porosity, and density. The porosity of the sintered samples, which is summarized 

in Table 2, was similar in both 90° and flat printing directions, 12 and 14%, respectively. The 

porosity was substantially higher than that of pure sintered PA12, 4%. The increased porosity 

in lignin/PA composites was likely due to the incomplete fusion of some PA particles and the 

dispersion of lignin powder that randomly packed the particles during the deposition of layers 

in SLS. As Table 2 indicates, after the laser sintering and fusion, the samples presented a surface 

area of 2.15 m2.g-1 (90° orientation) and 0.94 m2.g-1 (flat orientation). The low values of total 

pore volume in Table 2 indicated a limited availability of micropores (< 2 nm) and mesopores 

(2-50 nm) in the microstructure. The N2 adsorption-desorption isotherms for sintered lignin/PA 

fit the type IV adsorption isotherm and the H3 hysteresis loop typical of narrow slit pores 

presented in regions of microspores; no plateau was observed at high P/P0 (Figure S5). Finally, 

the density of the composites (90° and flat orientations) were higher than pure PA, by ~20% 

and 30%, respectively; which was expected since the lignin powder (1.3 g.cm-3) had a higher 

density at room temperature compared to PA (1.01 g.cm-3). However, the layer by layer 

deposition and random packing of particle mixture during the SLS process resulted in obtaining 

structures with slightly higher porosity than pure PA.  

Table 2. The BET surface area, porosity, and density of lignin/PA sintered samples in the 90° 

and flat orientations. 

Sample BET 

surface 

area,  

m². g-1 

External 

surface 

area, 

m². g-1 

Average 

pore 

diameter, 

nm 

Total 

volume 

in pores,  

cm³. g-1 

Porosity 

(ethanol 

replacement), 

 % 

Density, 

g. cm-3 

90°  2.15  1.93 4.4 0.00224 12 1.2 ± 0.07 

Flat   0.94 0.91 5.5 0.00120  14 1.3 ± 0.06 

 

Mechanical properties. As shown in Figure 5, the lignin/PA sample (90°) showed better 

mechanical properties (modulus strength and strain at break) than that produced with the flat 

orientation. As discussed earlier in the microstructure section, the more extensive fusing of PA 



layers in the 90° orientation resulted in enhanced modulus and ultimate strength compared with 

the flat sample, comprising a lower number of layers. The incorporation of 60 vol% lignin in 

the 90° orientation sample substantially increased the Young Modulus, by 16%, along with a 

small reduction (7%) in the stress at break. This latter reduction might be attributed to the 

higher porosity of the composite (14%) compared to the neat PA (4%). 

Compared with neat PA processed via injection molding (IM) and FDM, the samples produced 

by SLS showed a lower strength (Figure 5c), which could be due to heat-driven processing 

efficiency achieved by injection molding and FDM, enabling fusion of the PA powder. In 

addition, the polymer chain alignment following the FDM technique is known to be an effective 

factor in enhancing the mechanical strength. A similar trend in strength reduction has been 

reported for PA reinforced with metal particles and graphene, using low power lasers (< 6 W).35 

Moreover, for neat PA, an increased laser power to 10 W improved the fusion and resulted in 

higher tensile strength compared to the sample sintered at lower laser power.36   



 

Figure 5. Samples fabricated using the 90° and flat orientations and results of mechanical 

strength (ASTM D638 Type IV tensile testing): (a) lignin/PA sintered composites (lignin: PA 

40:60 wt%), (b) tensile strain-stress behavior, and (c) comparison of elastic modulus and 

ultimate tensile strength of lignin/PA in 90° and flat orientations with samples obtained from 

neat PA using SLS, FDM, and IM. 

 

Wettability. According to the contact angle measurements, the lignin/PA composite processed 

in flat orientation presented a higher water contact angle (CA=126°) compared to the sample 

printed at 90° orientation (CA=55°) (Figure 6a-b). Given the effect of roughness on CA, the 

results are likely due  to the higher surface roughness of the latter sample (Figure 3e-f). The 

pure PA sample presented a contact angle of 91° in the 90° print orientation and 113° in the flat 

one.  Compared to the flat print orientation, the 90° print orientation introduced a higher surface 

roughness since it included several horizontal layers (the surface of the flat sample was formed 

by a single layer). Furthermore, lignin was likely to be more concentrated on the surface of the 



sample with flat orientation (it visually appeared to be more brownish), which might point to 

the possibility of material/chemical partitioning, an issue that remains for further studies. 

Chemical characterization. The samples were analyzed by FTIR spectrometry to rationalize 

the major difference in the contact angles of 90° and samples with flat orientation (Figure 6c). 

The PA and composite samples showed a peak at 3293 cm-1,  associated with hydrogen-bonded 

N-H stretching.37 In addition, the intensity of a moderate peak corresponding to the amide bond 

at 3098 cm-1 reduced from neat PA to 90° orientation composite (a minimum intensity was 

observed in the sample printed in a flat orientation). The C-N stretching vibration and CO-NH 

bending appeared at 1538 cm-1 and 1539 cm-1 in the neat PA and composites, with a clear 

reduction in the intensity of the peaks.38,39 A peak at 1512 cm-1 in lignin spectra corresponding 

to the aromatic ring40,41 was also shown, albeit with less intensity in lignin-containing 

composites. Furthermore, the sample printed with a 90° orientation showed a change at 1734 

cm-1 compared to pure PA, attributed to C=O vibration on p-coumaroyl groups in lignin.42 The 

lower peak intensities observed for the sample printed in a flat direction compared to those of 

neat PA and 90° orientation may relate to the contribution of surface chemical composition on 

the surface wetting, as previously assessed by the water contact angle values. 



 

Figure 6. Images of a water droplet used to measure the contact angle of samples processed in 

(a) 90° and (b) flat orientation. (c) Chemical characterization (FTIR-ATR spectra) of sintered 

samples for lignin, PA, and the sintered samples at 90° and flat orientation. 

 

Processing of complex structures. Ultimately, the SLS of lignin/PA opens the possibility of 

manufacturing complex geometries (such as gradient surface-based lattice structures), possibly 

with high fidelity and resolution. As such, an object with a complex geometry was printed by 

a scalable SLS process (Figure 7). The results indicated the possibility of lignin/PA as an 

alternative polymer system for the fabrication of cost-effective, additively manufactured 

components. While our experiments were carried out with composites with a lignin content of 

60 vol%, higher loadings may still be feasible. To enable enhanced process control, a study on 

the powder/laser interaction of such powder blends is necessary, e.g., to avoid printing defects 

and to guarantee enhanced sintering behavior. In this context, surface-modified lignin might 

allow higher levels of adhesion with the PA particles. As far as economics, while industrial 

lignin powders are rather inexpensive, the manufacturing cost of spherical lignin particles 

(micro and nano-sized beads produced by aerosol flow systems) is estimated to be between 0.9 

and 1.2 USD/kg,43,44 which may constitute an ideal component, given their morphology. On 



the other hand, the cost of PA12 is much higher compared to lignins, about 50-60 USD/kg.45 

Hence, there is a large potential for lignin utilization in additive manufacturing, e.g., to develop 

low-cost, thermally stable, biobased composites. In fact, fully biobased composites are 

expected if PA12 is replaced with bio-based polyamides, such as PA11 from castor oil. 

 

Figure 7. (a) Lignin loading in our experiments (volume- and weight % of lignin in PA powder) 

for the fabrication of samples via SLS. (a) A surface-lattice structure used as a demonstration 

for added design complexity in SLS. (b) 3D model of the lattice structure fabricated by SLS 

with (c) neat PA and (d) lignin/PA (lignin: PA 60:40 vol%). 

 

Keeping in mind that no report is available on the 3D printing of lignin/PA composites, we 

compared the mechanical properties of our samples with those of other lignin-based 3D printed 

composites reported in the  literature (Table 3). Few reports discuss lignin/PA composites 

prepared by traditional melt blending methods. The tensile modulus and strength of the 



lignin/PA12 samples were better or in good agreement with those of the literature. The results 

support the potential of the SLS technique for preparing high lignin-content lignin/PA 

composite, as a route toward low-cost, bio-based systems for engineering applications. 

 

Table 3. Comparison of lignin-based composites with varying lignin content and 

manufacturing processes (additive and conventional methods). 

Material Lignin 

content, 

wt% 

Process Strength, 

MPa 

Young's 

modulus,  

GPa 

Ref. 

Lignin- PA, 90° 40.00 SLS 21 1.7 This work 

Lignin- PA, flat 40.00 SLS 14.6 1.3 This work 

Lignin- PLA 20.00 FDM 18 - 46 

Lignin- PLA  40.00 FDM 27 1.7 47 

Lignin- poly(L-lactic 

acid) 

40.00 Compressed 

molded 

23.2 1.2 48 

Lignin- Methacrylate 

resin 

0.40  SLA 49 2.25 49 

Lignin- Polyurethane 

acrylate/morpholine/tri

propylene glycol 

diacrylate 

3.00 SLA 8 0.004 50 

Lignin- Ethoxylated 

pentaerythritol 

tetraacrylate/aliphatic 

urethane 

acrylate/urethane 

acrylate 

15 SLA 15 0.37 19 

 

Conclusions 

Lignin is a widely available, low-cost biobased polymer that shows promise as a component 

for SLS. In this work, PA12 powder was partially replaced by alkali lignin to demonstrate the 

possibility of reducing costs while maintaining the thermomechanical performance and, 

possibly, endowing the system with new properties, given the contribution of the polyaromatic 

molecule. The dispersion of lignin improved the performance of the SLS composite and also 

enhanced the thermal stability and the wettability of the structure. Our SLS structures, produced 



with different orientations (horizontally flipped by 90°, flat, and vertically) were compared for 

their mechanical and other properties. The processing orientation was important in achieving a 

higher mechanical strength since higher number of horizontal layers result in improved strength 

up to two times higher compared to the sample processed in a flat orientation.  
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