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Abstract. Different types of stabilizers have been used with the objective to 
neutralize the swelling properties of a soil. Lime, cement, asphaltic mix and other 
additives have been effective although nowadays it´s important to use materials that 
are ecofriendly. Lignins, lignosulfonates and their effectivity as stabilizer were the 
objective of the investigation. A specific kind of lignin was used to evaluate the 
efficiency on the stabilization. The lignin was mixed in different percentages and 
different contact times between the soils and the additive were considered. Swelling 
pressure, potential of free swelling and the stability of the mix were some of the 
parameters that were determined on specific swelling clay. This swelling clay was 
selected as consequence of its extreme properties. The contact time and the 
percentage of the additive were the variables to determine during the investigation. 
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1. Introduction 

Lignin and lignosulphonates are secondary products in the paper pulp factory. They are 

biopolymers obtained at the end of the processes and are used in little quantities as raw 

material in different industries. In general, lignin and lignosulphonates are used as fuel 

in the same industry of paper pulp so it results to be a wasted product.  

Properties vary from one lignin to another (it is the same to lignosulphonates) and 

them result so difficult to characterize because came from different woods and from 

different trees and processes in which there are involved varies from one industry to 

another. 

Since the beginning of the investigation there were used four lignins and 

lignosulphonates [1] with the objective to identify if this group of natural polymer or 

biopolymer were effective modifying expansive properties of soils [2]. Once it was 

demonstrated, there were selected only one lignin and this was used all along the 

investigation. Tests were carried out with four different percentages of the organic 

additive (ecofriendly) and results at different contact time between the soil and the 

additive were analyzed. 

Soil that was used was an expansive one with a very high swelling potential and 

swelling pressure [3]. This soil was obtained, and processed at the beginning of the work. 

The same soil was used all along the investigation and was characterized using common 
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and unconventional tests with the objective to obtain more information about it behavior 

[2][3][4][5][6][7]. 

Lignin and lignosulphonates have hydrophilic or partially hydrophilic properties. 

These properties need to be considered in a more advanced stage of the investigation, 

and it is not included in this paper in which only the basis and the beginning of the 

investigation will be exposed. Investigators authors of this paper are nowadays carrying 

on groups of tests on this way.  

2. Properties of the soil 

Expansive soil that was used was called 113/13. Samples that were used all along the 

investigation were molded at dry density: 13 kN/m3 and moisture: 18%. This selected 

moisture was similar to natural moisture of the soil. It was impossible to obtain unaltered 

samples as consequence that the all mass of the formation was crossed by little fissures 

[4] [5] [6] [7]. 

Atterberg limits were determined using the method of rolling the soil into a thread 

(LP)[8] and the percussion method (LL)[9]. Contraction limit were determined using U 

curve of Casagrande´s chart. Parameters obtained are the next (Table 1) [11]. 

On the same soil was determined specific area using methylene blue method [2]. 

Another parameter determined was CEC (Cation Exchange Capacity) and RX diffraction 

determination. All the results were presented in the Table 1. 

 

Table 1. Properties of clay 113/13. 

Liquid limit Plastic limit Plastic index Contraction limit 

74.5 39.2 35.3 3.35 

Specific Area [m2/g] CEC Minerals by RX Fraccion#200 

563 58 100% smectite 60% 

 

Swelling curve of clay 113/13 is shown in Figure1 and Figure2. It was presented in 

different axial X scale: first one a semi logarithmic and second one an arithmetic. 

Samples were molded with a ratio between diameter and thickness over 2.5. 

 

 

 

Figure 1. Free swelling of the soil 113/13, semi logarithm scale. 
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Figure 2. Free swelling of the soil 113/13, arithmetic scale. 

3. Procedures: selection of the additives 

At the beginning of the investigation, there were used fifteen different additives: lignins, 

lignosulphonates, organic selected polymers and lime [16]. Lime was used as parameter. 

These additives were used with the objective to identify the most effective on reducing 

expansive properties of the clay 113/13 [2]. A little group of four biopolymers were more 

effective than the other ten [1]. Crushed oleic seeds and starches were into this group of 

rejected organic polymers.  In that first stage there was used only one percentage of 

additive in the mixture: 10%. After that, there were carried on another group of tests with 

mixtures of 10%, 7%, 5%, and 3% of lignin and lignosulphonates mixed with soil. Lignin 

and lignosulphonates were the most effective reducing plasticity of the soil. The mixtures 

were prepared with natural water content of each component, molded and stored in 

hermetic bags carefully labeled and conserved in a dark and fresh place. Tests were 

carried on at different contact times. This time depended on the test and varied from one 

day to nine months.  

In a second stage there were obtained Atterberg limits at three different contact times 

for only four additives. These tests were used as parameter to check the efficiency of the 

additive. Contact times were one day (Figure 3), one month (Figure 4), and three months 

(Figure 5).  

 

    

Figure 3. Variation of the liquid limit and plastic index obtained after one day of contact time between clay 

113/13 and five different additives. 
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Figure 4. Variation of the liquid limit and plastic index obtained after 30 days of contact time between clay 

113/13 and four additives at four different proportions. 

    

Figure 5. Variation of the liquid limit and plastic index obtained after 90 days of contact time between clay 

113/13 and four additives at four different proportions. 

 

For contact time of one day there was used an extra additive, lime [15], with the 

objective of compare the behaviour with a well-known and traditional additive. Lignin, 

Kraft, Aglupel and Vixilex belongs to the group of biopolymers, and they belong to the 

group of lignins or lignosulphonates [16][17].  

Lignin was the additive selected to be used in the third stage.  

In this stage more specific tests were carried on in order to understand the behaviour 

and the stability of the mixture along the time and to determine which percentage were 

the optimum and the most effective contact time. 

4. Verification of mixture stability along the time: swelling and unconfined 

compressive strength 

Unconfined compressive strength tests were carried on with samples with three different 

contact times and five different percentages of additive. Samples were prepared at the 

same time and storage in humidity and temperature controlled chamber. After one day, 

one month and three months there were done unconfined compressive strength tests 

(Figure 6).  

Samples molded inside a steel ring and put between two porous stones and filter 

papers, were submerged. Along the time were registered changes in the thickness of the 

sample of soil. Five samples were used with different proportions of soil and stabilizer. 
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There have been done two completes sequences for one day (Figure 7 and Figure 8) and 

nine months after samples were molded (Figure 9 and Figure 10) and there are in process 

one more group with three months of age. 

 

 

 

Figure 6. Unconfined compressive strength variation as function of the contact time and percentage of additive.  

 

 

Figure 7. Swelling variation according the time and percentage of lignin. Age of the sample: one day, 

arithmetic axes. 
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Figure 8. Swelling variation according the time and percentage of lignin. Age of the sample: one day. Semi 

logarithmic axes. 

.

 

Figure 9. Swelling variation according the time and percentage of lignin. Age of the sample: 9 months. 

Arithmetic axes. 

5. Analysis of the results and conclusions 

Expansive soils have been studied since long time ago. There were developed different 

solutions to avoid damages on the constructions founded over this kind of soils. Among 

others expansive clays were mixed with additives trying to reduce their expansive 

properties.  

In this investigation, fifteen organic additives were used, but only four were effective 

at reducing expansive properties of one selected soil [1]. In a first stage, there were done 
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groups of tests at different contact times. In the first stage there was used only one 

percentage of each additive, it was 10%. 

 

Figure 10. Swelling variation according the time and percentage of lignin. Age of the sample: 9 months. Semi 

logarithmic axes. 

 

On this new reduced group there were done another group of tests at different 

percentages of the additives: 3%, 5%, 7% and 10% and three contact times: one day, one 

month and three months. On this group there were obtained Atterberg limits with the 

objective to identify the most efficient percentage of additive to be mixed with the soil 

and the ideal contact time. Tests showed that with the increase of the additive decreases 

plasticity properties of the soil. There don’t have been done tests with more than 10% of 

additive.  

In a third stage there were carried on another group of tests only using lignin as 

stabilizer. At the moment are being studied the other three additives to probe the effect 

of the time and the proportion over their volumetric stability and their evolution of the 

unconfined compression strength. 

Nowadays some extra samples are waiting in a chamber to be tested at six months, 

and one year.  

All tests carried on until the present show that lignin is effective modifying 

expansive properties of clay 113/13. Additionally, while the percentage of lignin 

increases, swelling of the clay reduces and unconfined compressive strength increases 

but not significantly if the soil is tested immediately after molded. If the nine months 

aged sample is tested, strength and swelling change significantly. Unconfined 

compressive strength increases and swelling behaviour reduces.  

Then, using lignin as stabilizer with the objective of reduces expansive properties of 

a soil is effective. Higher is the percentage of additive better is the behaviour of the 

mixture but in this investigation test were only carried on with a maximum of 10% of 

lignin. 
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