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ABSTRACT 

During the wet process of manufacturing wood hardboards, a large amount of water 
contaminated with lignocellulosic waste is generated. With the aim of promoting the circular economy, 
it is interesting to find new uses for this liquid waste, rich in biopolymer lignin. The present research is 
a preliminary laboratory analysis of the feasibility of using this industrial waste as bitumen emulsion 
modifier or extender. To this purpose the lignocellulosic industrial waste was tested as partial substitute 
of bitumen emulsion for cold asphalt mixtures type grave emulsion. Particularly, GE-2 grave emulsions 
for low traffic roads have been manufactured. Substitution percentages of 0% (control), 5%, 10%, and 
15% were analysed. The envelope water was visually determined. Also the optimum fluid content was 
obtained by means of the Modified Proctor Test. In addition, the optimum bitumen emulsion content, 
the compressive strength, and the water resistance of the cold asphalt mixtures were analysed 
conducting immersion-compression tests. All the tested percentages of lignocellulosic waste led to 
grave emulsions that could be used for low traffic roads, according to the Spanish specifications. 
Nevertheless, the results indicate decreased compressive strength with increasing liquid waste 
percentages. For this reason, only percentages of substitution up to 10% of liquid waste rich in lignin 
are considered adequate as bitumen emulsion extender. 
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1. INTRODUCTION 

The traditional economic model currently in force, that is, the linear economy model, generates 
multiple environmental problems. In addition to consuming a large amount of resources, misspends an 
important part of them by turning them into waste. However, in a circular economy model, materials 
that can be recycled are reinvested in the economy as new raw materials, thus increasing security of 
supply and leading to a more sustainable production model. For this reason, the European Union (EU) 
is promoting the implementation of the circular economic model. One of the main measures that the EU 
tries to implement to promote the circular economy consists of the proper waste management [1].  
Biomass and bioproducts are biomaterials, that is, are materials based on biological resources (such as 
wood, crops or fibers). These biomaterials constitute one of the priority areas of action of the EU in 
terms of waste management, to promote the circular economy [1]. 

During the wet process of manufacturing wood hardboards, a large amount of water contaminated 
with lignocellulosic waste is generated [2]. The treatment of this water containing biomaterials 
generates high production costs, being the main drawback of this manufacturing process. In this regard 
and with the aim of promoting the circular economy, it is interesting to find new uses for this liquid 
waste, rich in lignin. 
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Some authors have demonstrated that the use of biopolymer lignin as bitumen modifier improves 
the performance of bituminous mixtures. Particularly, improved water resistance of the mixture [3, 4], 
lower temperature sensitivity of the asphalt [5], enhanced rutting resistance [5] and fatigue resistance 
[5] of the asphalt, were found. Other authors successfully used it as bitumen extender [6].  

For this reason, in the present preliminary laboratory research, the possibility of using the liquid 
waste rich in lignin from the wood hardboard industry, as bitumen modifier or as asphalt extender, has 
been analysed. 

Low temperature bituminous mixtures, particularly a cold asphalt mixture (CAM) type grave 
emulsion has been selected for this purpose. These mixtures require less energy consumption during its 
manufacture process, which is in line with the Sustainable Development Goals (SDGs) 9 (industry, 
innovation and infrastructure) and 13 (climate action) [7]. 

 

2. MATERIALS AND METHODS 

  
2.1 Materials 
 
2.1.1 Aggregates 

 
In the present preliminary laboratory analysis, natural siliceous aggregates extracted from a 

quarry in Galicia (Spain) were used. The supplier provided a total of 3 fractions of hornfels: 0/2 mm, 
2/6 mm and 6/16 mm. 
 
2.1.2 Bitumen emulsion 
 

The selected commercial bitumen emulsion, a C60B5 GE [8], is a slow setting cationic bitumen 
emulsion, with a residual binder content ranging from 58% to 62% that was specifically provided for 
the manufacture of cold asphalt mixtures type grave emulsion (GE). 

 
2.1.3. Liquid lignin waste 

 
As a consequence of the production of wood hardboards, some wastes are generated. 

Particularly, as shown in figure 1, in the present research a 100% natural viscous dark brown liquid 
waste rich in lignin (9.70% of lignin) was used. 

 

 
 

 FIGURE 1 Appearance of the natural liquid waste rich in lignin 
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In the present research, cold asphalt mixtures using 0% (control), 5%, 10%, and 15% of liquid 

waste in place of bitumen emulsion were manufactured. 
 
2.2 Methods 

 
2.2.1 Mix type 

 
As shown in table 1, taking into account the grain size distribution of the provided fractions of 

hornfels, a grave emulsion type GE-2 was composed according to the Technical Association of 
Bituminous Emulsions (ATEB) [9], using 45% of the fraction 0/2 mm, 20% of the fraction 2/6 mm and 
35% of the fraction 10/16 mm. 

 
TABLE 1 Grain size distribution of the selected grave emulsion, type GE-2 (cumulative percent 

passing) 

Sieve size 
(mm) 

Cumulative percent passing (%) 
Aggregates fraction GE-2 

0/2 
mm 

2/6 
mm 

10/16 
mm 

Selected 
GE-2 

Lower 
limit [9] 

Upper 
limit [9] 

40 100 100 100 100 100 100 
31.5 100 100 100 100 100 100 
20 100 100 95.1 98.3 80 100 

12.5 100 100 19.7 71.9 58 86 
8 100 100 1.5 65.5 43 73 
4 82.8 83.4 1.3 54.4 26 55 
2 57.1 25.8 1.2 31.3 17 40 

0.5 33.1 2.6 1.2 15.8 9 23 
0.25 24.8 2.1 1.1 12.0 7 18 
0.125 19 1.9 1 9.3 4 14 
0.063 14.4 1.7 0.8 7.1 2 10 

 
2.2.2 Optimum envelope water 

 
The optimum envelope water content was determined following the standard NLT-145 [10], 

using a residual binder content of 2.5%. 
 

2.2.3 Optimum fluids content 
 
The optimum fluids (water and bitumen emulsion) content was determined by conducting 

Modified Proctor tests according to the EN-103501 [11] 
 

2.2.4 Optimum residual binder content and water resistance 
  
The optimum residual binder content and the water resistance of the grave emulsion was 

determined conducting immersion-compression tests, following the standard NLT-162 [10]. In the 
present test, a conserved resistance index (R) is obtained. This index is indicative of the loss of 
resistance produced by comparing the simple compressive strength obtained between specimens kept 
in the air (R1) and duplicate specimens subjected to a water bath at 60ºC for 24 hours. (R2). The 
conserved resistance index is obtained by using the expression indicated in equation (1): 

 
𝑅𝑅 = 𝑅𝑅2

𝑅𝑅1
𝑥𝑥100                                                                   (1) 
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3. RESULTS 

 
3.1 Optimum envelope water 

 
A 3% of envelope water content was selected because it was the water content that led to better 

bitumen emulsion-aggregate coating. 
 

3.2 Optimum fluids content 
 
A 6.6% of fluids (water and bitumen emulsion) content was chosen as optimum, as shown in 

figure 2. 
 

 
FIGURE 2 Maximum dry density vs moisture for the selected GE-2 

 
3.3 Optimum residual binder content and water resistance 

 
For the control mixture (0% of liquid waste rich in lignin), the minimum residual binder content 

(2.5%) stated by the ATEB [9] was selected as optimum residual binder content, because it was the 
minimum that complied with the ATEB [9] specifications (Table 2). In this regard, the GE-2 
manufactured with 2.5% of residual binder content, is suitable for heavy traffic category T4 (traffic 
category T4 refers to annual average daily heavy traffic (AADHT) <50). 

 
Table 2 shows the dry (R1) and wet (R2) simple compressive strength and the retained strength 

(R), for GE-2 manufactured substituting 0%, 5%, 10%, and 15% of bituminous emulsion by the liquid 
waste rich in lignin, by weight, at the optimum residual binder content (2.5%). 
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TABLE 2 Immersion-compression results for the GE-2 manufactured using 0%, 5%, 10%, and 
15% of liquid waste rich in lignin 

Liquid 
waste in 
place of 
bitumen 
emulsion 

(%) 

Test results Specifications [9] 

R1 
(MPa) 

R2 
(MPa) 

R 
(%) 

R1 
(MPa) 

R2 
(MPa) 

R 
(%) 

0 (control) 1.72 1.23 71.5 

0.9 0.7 50% 
5 1.62 1.21 74.2 
10 1.76 1.15 65.0 
15 1.32 0.94 71.4 

 
As can be seen in table 2, for all the tested liquid waste percentages, the GE-2 complies with 

the specifications for low traffic roads (T4). Nevertheless, table 3 shows that as the liquid waste 
percentage increases, the simple compressive strength decreases. Particularly, as shown in table 3, from 
0% to 15% a reduction of 23.6% was achieved for the wet group and of 23.3% for the dry group. The 
reductions obtained for 5% and 10% of liquid waste are lower or equal than 6.5% and in the case of the 
use of 10% of liquid waste, the dry compressive strength increases a 2.3%. In the case of the water 
resistance, there is not a general trend. 

 
TABLE 3 Reductions in the water resistance and the compressive strength when using 

liquid waste in place of bitumen emulsion 
Liquid waste in 
place of bitumen 

emulsion (%) 

Test results 
∆R1 
(%) 

∆R2 
(%) 

∆R 
(%) 

0 (control) 0 0 0 
5 -5.8 -1.6 3.8 
10 2.3 -6.5 -9.1 
15 -23.3 -23.6 -0.1 

 
Therefore, despite being rich in lignin, and contrary to what was expected, the liquid waste does 

not improve the properties of the cold mix in terms of compressive strength, especially when used in 
percentages higher than 10%.  

 

4. CONCLUSIONS 

In this preliminary laboratory research, with the aim of collaborating with the sustainable 
development and the circular economy, a lignin rich industrial waste was tested as partial substitute of 
bitumen emulsion for grave emulsions type GE-2 for pavements of low traffic roads. Substitution 
percentages of 0% (control), 5%, 10%, and 15% were analysed. Contrary to expectations, the results 
testify that as the percentage of liquid lignin rich waste increases, the compressive strength of the grave 
emulsion decreases. Particularly, reductions greater than 23% have been obtained by using 15% residue. 
For this reason, despite the grave emulsions manufactured using all the tested percentages of liquid 
waste comply with the Spanish specifications for low traffic roads, the use of this waste is considered 
only suitable as bitumen emulsion extender when used in low substitution percentages (up to 10%). 
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