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Abstract 
In this paper, we compare different nanoclay-PEG composites and the influence of the input pa-
rameters especially the percentage of PEG and the clay size. Because of the facility of material 
elaboration, dried state with grinding, we adopted a complete experiments plan to obtain a max-
imum of robustness of the responses. For each sample, we made an XRD analysis to see if we ob-
tain the intercalation of the PEG 6000 (Polyethylene Glycol 6000) within the clay sheets. The cha-
racterization adopted consists on the measurement of the shrinking of some cylinders we made, 
the liquidity and plasticity limits according to the Casagrande protocol used in geotechnical clays 
characterizations. We utilize also the methylen blue protocol to estimate the variation of the spe-
cific surface of ionic exchange of the clay sheets according to the PEG 6000 percentage and the clay 
sizes. SEM microscopy permits to visualize some of the phases detected by the XRD analysis. The 
TEM microscopy permits also to see the amorphous phases created by the grinding protocol which 
affects significantly the specific surface and the shrinking of the new materials. For each section, 
we made some conclusions with interpretation in order to integrate these results in civil engi-
neering, classical/artisanal material construction and geotechnical fields. 
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Shrinking, Microscopy Characterization 

 
 

1. Introduction 
The exploration of nanoclay doping has known, in the last decades, a very large interest because of the deeper 
effect that nanometer modifications can give to the corresponding matrix of clay, compared to macroscopic 
modification. Wide researches were made on several kinds of reinforcing materials, of which the most important 
such as metallic/metallic oxides particles [1] and polymers for increasing some of the mechanical and physico- 
chemical properties of the material. But the difficulty is the rarefy of the studies corresponding to natural material, 
compared to the number of subjects that treat the modification of industrial and purified clay structure [2]-[5]. 

We are interested here to the development of new biomaterials dedicated to construction industry, which 
could be built by natural clays and simple methods, and where every person in our region could elaborate itself. 
The material should have compromise between its mechanical, physico-chemical and thermal properties, such as 
elasticity, mechanical resistance, erosion resistance, conduction and thermal capacity, etc. 

In this study, we are working on the consolidation of the clays of Fez region in Morocco by adding the PEG 
6000. In a future works, we will study the difference between samples taken from different points (horizontal 
variation). 

The mixing method consists on a simple grinding of the clay and PEG 6000 according to three different clay 
sizes scales. The PEG 6000 percentage varies from 0.1 g per 6 g of clay to 0.6 g PEG per 6 g of clay. 

So the analysis consists to evaluate the influence of each input parameters on the physical properties studies: 
liquidity (Casagrande protocol) and plasticity limits, the shrinking depending on the time (10 days were adopted 
measured on diameters, heights and mass of multiple little laboratory cylinders) and specific surface of the clay 
estimated by the methylen blue protocol. 

The resulting measurements were plotted to visualize the effect of the input parameters on the physical prop-
erties. 

Regarding the geotechnical properties, liquidity and plasticity limits, specific surface… they permit to define 
the material state on the stage of elaboration. Hence, this characterization is very important to optimize the time 
of processing and the row materials used for this purpose. 

2. Experimentation Plan and the Corresponding Input and Output 
2.1. Input Parameters and Experiments Plan Design  
The complete plan corresponds to 3 clay sizes and 6 PEG percentages. It corresponds to 18 essays. 

Table 1 gives an overview of the values of the inputs adopted with the correspondent designation. 
The masses of PEG 6000 given in the Table 1 are mixed with 6 g of natural clay. 
The 0% (0 g) PEG 6000 corresponds to natural clay with no modification. It permits us to have a global com-

parison with the modified samples. The essays with 0% PEG 6000 are denoted 19, 20 and 21. 
The detail of the plan we followed is given according to Table 2. 
The processing of the material corresponds to a simple grinding of the clay and PEG 6000 according to the 

experiments plan of Table 2. The grinding/mixing takes 15 mn on a RETSCH RM 200 Mortar grinder machine, 
presented on Figure 1. 

The clay size can be adjusted on three different sizes by acting on the pressure handle, shown on Figure 1. 

2.2. Output: Physical Properties Measured and the Correspondent Protocols 
The output corresponds to the measurement of some of the principal physical properties of the materials. Each  

 
Table 1. Plan factors and corresponding levels.                                       

Factor Levels 

Clay size 1 (size 3) 2 (size 5) 3 (size 7) 

PEG% 0 g 1 (0.1 g) 2 (0.2 g) 3 (0.3 g) 4 (0.4 g) 5 (0.5 g) 6 (0.6 g) 
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Figure 1. RETSCH RM 200 mortar grinder.                                       

 
Table 2. The detail of the experiments-complete plan.                                  

No. experiment PEG level Size level No. experiment PEG level Size level 

1 1 1 10 4 1 

2 1 2 11 4 2 

3 1 3 12 4 3 

4 2 1 13 5 1 

5 2 2 14 5 2 

6 2 3 15 5 3 

7 3 1 16 6 1 

8 3 2 17 6 2 

9 3 3 18 6 3 

19 0 1 21 0 3 

20 0 2  
 

characteristic is calculated/measured by a standard protocol according to the domain of utility of the measured 
variable. 

We divided the material properties according to the logic we adopted, which is the characterization of the 
material in each state of its life: 
- Before elaboration: row material, capacity of the clay to exchange ions (cation exchange capacity) [6]-[8]. 
- Within the elaboration: principal characteristics affecting the facility given by the material properties to ela-

borate modified materials. For example, water quantity to obtain malleable (plastic) clay paste (molding for 
example), liquid limit (Casagrande protocol) and plasticity limits to control the procedures of elaboration 
according to water percentage present in into the clay sheets. 

- After elaboration: measurement of the physical properties (shrinking function of time, mechanical resistance 
and elasticity modulus, specific surface for ions exchange) after elaboration and the evolution depending on 
several variables: PEG percentage, time, clay size… 

After experimentations, we were able to see the effects of the introducing of the PEG and the clay size on the 
different properties of the clay material, which presents, for some of the properties, highly significant evolutions. 
For other properties, no evolution has been observed and we will explain it in the next section. 

3. Results and Discussion 
3.1. Composition of the Row Material 
3.1.1. Chemical Composition 
The composition of the row clay was determined by making a triacide attack and the ICP (Inductive Coupled 
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Plasma) analysis permitted to determinate the constitution of each sample. Table 3 resumes the composition of 
the clays according to three essays [9]. 

Let’s see now the major clay crystalline phases present in our material, according to the XRD results. 

3.1.2. XRD Analysis of the Row Material 
The XRD analysis permits us to determine the major crystalline elements present in the clay. 

Figure 2 presents the XRD picks observed on the raw material. These picks correspond to the Kaolinite, the 
Illite (mica), the quartz and calcium carbonate as major and apparent crystalline components. 

The results of XRD analysis are giver in Table 4 which presents the mineral present in the natural clay. 
After 2θ = 40˚, the majority of the phases correspond to the quartz and calcite (calcium carbonate). So the 

analysis proves that the clay corresponds to the marl, used as construction material in this region. 
Due to the lack of information stored in the data base of the XRD machine, it was difficult to define the crys-

talline phases detected by the XRD. The machine is able to detect only the quartz and calcite.  
This is why we used bibliography for the determination of the clay phases for each corresponding picks, ac-

cording to two articles mentioned in the reference section ([10] and [11]). 
In another process, trying to produce a nanocomposite material between this clay and PEG 6000, it was very 

difficult to precede to the intercalation of the polymer within the clays sheets. It is due the presence of the great 
percentage of calcite in the clay. 

3.1.3. Scanning Electronic Microscopy 
We have made some SEM Microscopy to see the structure of the materials (Figure 3). 

According to the SEM maximum scale, we cannot see much more microstructure. It is due to historic of the 
material which has been grinded.  

 

 
Figure 2. XRD spectrum of row clay materials.          

 
Table 3. Constitution of the clay samples according to [9].                              

Sampling SiO2 Al2O3 CaO Fe2O3 MgO K2O Na2O TiO2 Cr2O3 MnO2 

1 44.5 14.3 7.92 5.89 3.29 1.00 0.777 0.331 1.84 0.193 

2 44.9 15.1 6.64 6.49 3.08 1.10 0.809 0.374 1.94 0.203 

3 44.5 14.8 7.20 6.20 3.18 1.01 0.832 0.359 1.95 0.207 



I. Akhrif et al. 
 

 
342 

Table 4. XRD results of the row clay material.                                       

Pos. [2 Th.] Height [cts] d-spacing [Å] Mineral 

8.7994 91.49 10.04950 M (001) 

12.3466 26.07 7.16314 K (001) 

19.8561 168.83 4.47149 K + M (020) 

20.9208 528.89 4.24628 Q 

23.1269 135.38 3.84598 Ca 

25.3796 107.06 3.50948 K (002) 

26.6980 2882.88 3.33909 Q + M 

29.4753 1809.38 3.03049 Ca 

31.4364 22.32 2.84577 Ca 

34.9526 112.28 2.56713 M 

36.0552 213.06 2.49111 Ca 

36.5993 161.67 2.45532 M (131) 

39.5140 437.35 2.28066 Q + Ca 

40.3274 61.54 2.23652 Q 

M: Mica (Illite), K: Kaolinite, Q: Quartz, Ca: Calcite. 
 

 
Figure 3. SEM microscopy for the row material.                                                         
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3.2. Physical Properties 
3.2.1. Atterberg Limits (NF P94-051) 
For each sample, starting from 0 g of PEG 6000 per 6 g of clay to 0.6 g PEG 6000, and according to a step of 
0.1 g of PEG 6000, we measured the liquidity limit by Casagrande protocol and the plasticity limit, according 
the NF P94-051 standards. Three measurements were used for each sample to have reliable results. 

These limits are used in characterization of soil for work earth operations. But in the present study, they per-
mit to understand the mechanical behavior of clay according to the percentage of water. This is an important in-
formation for us to estimate the quantity of water to add to the clay in order to elaborate the desirable forms for 
shrinking and mechanical properties testing. 

Figure 4 shows an essay on a manual Casagrande cup of 12 cm of diameter, for the measurement of liquidity 
limit. 

The corresponding results are presented in Table 5.  
We denote in the following discussion the liquidity limit as WL and plasticity limit as WP. 
As we introduced in Section 2.1, the two input parameters are the quantity of PEG 6000 mixed in the clay 

matrix and the clay size (which is fixed on the grinding step). 
So to study the influence of the input parameters on the Atterberg limits, we have used the average of each 

response on each input parameter. We obtain the following results presented in Table 6 and Table 7. 
 

 
Figure 4. Casagrande essay according to NF P94-051 
standards.                                       

 
Table 5. Atterberg limits and specific surface measurement.                                         

No. experiment WL WP SST (m2/g) No. experiment WL WP SST (m2/g) 

1 27.96% 15.58% 146.51 10 36.17% 12.71% 146.51 

2 31.63% 14.42% 99.42 11 35.11% 13.28% 156.97 

3 31.97% 13.50% 115.12 12 29.42% 12.87% 104.65 

4 28.64% 15.42% 94.18 13 33.92% 12.53% 151.75 

5 29.98% 14.02% 104.65 14 33.45% 16.31% 125.60 

6 31.22% 13.67% 120.35 15 28.19% 12.17% 115.12 

7 36.80% 12.61% 102.33 16 33.05% 13.65% 120.35 

8 29.36% 12.73% 109.90 17 33.90% 15.38% 136.05 

9 30.13% 14.87% 104.65 18 27.38% 12.40% 94.19 

19 34.30% 21.04% 125.28 21 34.03% 14.31% 104.65 

20 34.96% 19.26% 112.84   
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Table 6. WL, WP and SST averages according to PEG weights.                          

PEG 6000 weight (g) per 6 g of clay WL WP SST (m2/g) 

0.00 34.43% 15.63% 115.12 

0.10 30.52% 15.00% 120.35 

0.20 29.95% 14.54% 106.39 

0.30 32.10% 13.41% 107.27 

0.40 32.79% 12.87% 125.58 

0.50 31.05% 12.35% 130.28 

0.60 31.44% 13.81% 116.86 

 
Table 7. WL, WP and SST average according to clay size.                              

Clay size WL WP SST (m2/g) 

3 32.98% 13.85% 130.81 

5 31.97% 15.45% 115.12 

7 30.33% 13.38% 108.39 

 
Figure 5 presents the plot of these results and shows the effect of each of the two parameters, quantity of the 

PEG added and clay size, on the liquidity limits and Figure 6 corresponds to the effect on the plasticity. 
We observe here that the liquidity limit decreases highly by the addition of the PEG 6000 to the natural clay. 
Interpretation and Discussion 
 Liquidity Limit: 
 Effect of PEG 6000 

In our opinion, and in lower percentage of PEG (from 0.1 g to 0.3 g), the variation is due to mechanical stress 
effect produced by the molecule of the polymer in a microscopic scale. 

The assumption we made is the possibility of an additional swelling given by the PEG 6000 molecules (red 
arrow of Figure 7(a)), and which could help water to make the clay more liquid. In other words, a lower value 
of water permits to make the clay more fluid by the addition of PEG 6000 which increase the distance between 
clay sheets groups and by the way affects the compactness and rigidity (in microscopic scale) of the clay. 

For higher value of PEG 6000 (0.4 g to 0.6 g), we make the assumptions that at a certain limit higher value 
(0.4 g in this case), the molecules of the polymer begin to form some groups with the clay sheets, taking into 
account that no intercalation has been observed. So these groups will be more rigid and we will have to add 
more water to move from plastic state to liquid state. 

Normally, in lower value of the polymer, water will attack instantly the clay by going through the porosity 
and the clay inter-sheet spaces and will cause the destruction of the links between clay sheets. But by the addi-
tion of non neglected masses of PEG 6000, water will have two roles; the first is the increasing of the inter- 
sheets distance. The second will be the destruction of PEG 6000 links to attack the clay grouped and reinforced 
by the polymer. 

In Figure 7, we try to schematize these assumptions. 
 Effect of the Clay Size 

From Figure 5(b), it is clear that the clay size has an important effect on the liquidity limit. For this study, the 
scale of the clay size can be read from the greater size (3) to the finest one (7). 

Plasticity evaluates by increasing from the finest size to the greater one. In other words, for higher sizes, the 
material needs more water to move from the solid state to past state. It is due to the greater spaces existing 
around clay groups (grains) which have to be filled by water if the size of the grains increases. 
 Plasticity Limit: 
 Effect of PEG 6000 

From Figure 6(a), it is clear that the plasticity limit decreases when adding the PEG 6000 to the natural clay. 
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(a) 

 
(b) 

Figure 5. Liquidity limit according to PEG quantity (g/6g of clay) (a) and clay 
size (b).                                                             

 
Our interpretation is that the clay does not need more water to move from solid state to past state because of 

the presence of the polymer. 
PEG 6000 helps so to obtain better malleability (past state) by decreasing the percentage of water. From a mi-

croscopic view, PEG 6000 increases the coherence of clay sheets groups by linking between them.  
It could be explained by the creation of some PEG 6000 cations due to its dissolution in water/clay solution, 

and by the way the link factor will be the cationic exchange capacity of the clay [3]; or only by mechanical ef-
fect, where the PEG 6000 gives more rigidity to the material at lower water percentage. 
 Effect of Clay Size 

We can see on Figure 6(b) that the plasticity (percentage of water to move from solid state to past state) at-
tains its maximum on the value 5. But we cannot make any suggestion at this stage. We have no tend and the 
number of data, even if it exceeds 20 essays, we think that it will be more scientific to enlarge the interval of 
clay size to have more information and, by this way, extract a real conclusion according to the clay size effect. 
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(a) 

 
(b) 

Figure 6. Plasticity limit according to PEG quantity (g/6g of clay) (a) and clay 
size (b).                                                          

3.2.2. Specific Surface (Cationic Exchange) and Methylen Blue Essays (XP P 18-540) 
The Methylen Blue (MB) essay is a simple essay which permits to estimate approximately the capacity of ad-
sorbing, specific surface or cation exchange capacity, of a fine size clay (80 µm) ([6] and [7]). 

In clay, two different phenomena could occur: mechanical intercalation between the nanoclay sheets or elec-
trical effect defined by cationic exchange of clay [12]. 

Remark  
In our case, we have make simple grinding of the two substances, and XRD analysis and comparison between 

the new and the old material does not give any difference between them. The picks are fixed in their position, so 
no intercalation has occurred. 

But it was necessary to make MB characterization for future works when we will adopt humid way to elabo-
rate the nanocomposite. 

Table 5 presents the detail of the specific surface (m2/g) according to the volume of MB adsorbed of all the 
materials. The specific surface is denoted SSA and it is calculated by the Equation (1) [13]. 



I. Akhrif et al. 
 

 
347 

 
Figure 7. Effect of PEG 6000 on the mechanical behavior of the composite before water addi-
tion. (a) At low values (0.1 g to 0.4 g), additional stress modeled by red arrow helps the effect 
of water on the dispersion of clay sheets; (b) At higher values (0.5 g and 0.6 g) water has to 
dissolve the PEG groups firstly to access to clay groups.                                     

 

20.93VBSSA
m

=                                      (1) 

where VB is the volume of methylene blue; m is the mass of clay; 20.93 is a constant depending on the adsorbed 
substance. In our case it is the methylen blue. 

Interpretation and Assumptions 
 Values of Specific Surface 

The values of specific surface SST encounter here correspond to the values of specific surface of the illite, a 
kind of Micas, which vary from 100 m2/g to 175 m2/g. 
 Effect of PEG 6000 

We can see that the effect of PEG 6000 is not too significant. The values oscillate around an average of 
117.40 m2/g. 

The curve does not present any trend. Hence, we deduce that the PEG 6000 addition with a grinding/mixing 
method can’t modify the specific surface. In other word the cationic exchange capacity is not modified due to 
the macroscopic aspect of the elaboration method, grinding. But we will see that the clay size value is very sig-
nificant. 
 Effect of Clay Size 

Figure 8(b) shows that the clay size affects greatly the adsorbing capacity of the clay. The specific surface 
decreases with the clay size diminution.  

This decreasing can be understood by the destruction of the clay sheets which are electrically charged, posi-
tively or negatively (capacity of ions exchange). So when broking a sheet, the capacity of attracting other cations 
or anions will be reduced, and we cannot say that the sum of the capacity exchange of a set of little sheets 
created by the broking correspond to the whole capacity exchange of the initial clay sheet. 

Christidis [14] has modeled this description with an easy scheme presented on Figure 9. 
After destruction, Figure 9(c), the only party which can significantly affect the ionic exchange is the crystal-

line phase. The amorphous phase, which is in the origin composed by the same clay layer sheets, has low reac-
tivity and will not contribute to the ionic exchange of the resulting material. 

On Figure 10, the TEM microscopy permits us to see clearly the constitution of an amorphous phase, which 
presents several clay sheets dispersed in space. 

The results we obtain confirm this thesis by the curve reported on Figure 8(b).  
The greater is the clay size, the higher is the specific surface. It evaluates/decreases to the lowest value ac-

cording to the little value of clay size, having approximately a linear behavior (Figure 7(b)).  

3.2.3. Shrinking, Function of Time, Polymer Percentage and Clay Size 
On the stage of construction material processing, the shrinking is considered as the major effect that will has to 
be taken into account.  

The shrinking corresponds to the reduction of the volume of the piece (bricks or cylinders), which is caused 
by the evaporation of residual water that exists after the elaboration.  

The variation of the volume can be understood like the diminution of at least one dimension of the piece. That 
is why, linked to the notion of rigidity of the material, the variation of the dimensions causes internal constraints  
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(a) 

 
(b) 

Figure 8. Specific surface according to PEG quantity (g/6g of clay) (a) and 
clay size (b).                                                      

 

 
Figure 9. Description of the different steps of the destruction 
of a clay (taken from [15]). (a) Schematic representation of 
the clay; (b) Grinding beginning: the tetrahedral layer, the te- 
trahedral layers are destructed the first; (c) Destruction of the 
octahedral layer forming an amorphous layer.                
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(a)                                                (b) 

Figure 10. (a) TEM microscopy and amorphous phase caused by the grinding method (0.5 g PEG 6000/6g clay); (b) 
Amorphous phases (dispersion of little clay sheets) shown by the black arrows (0.6 g PEG 6000/6g clay).         

 
which, if exceeding the mechanical resistance of the material, causes the cracking of a part or the entire piece. 

That is why, on concrete construction, it is important to make the concrete humid, especially on the first days 
after concrete pouring [16], to maintain the quantity of water constant and the volume of concrete also, when it 
is on the stage of consolidation. By the way the consolidation of the material will be on good conditions, when 
there are no internal constraints caused by an excess of shrinking. 

In this section, we will show how the PEG 6000 can limit the shrinking even in the case of simple grinding. 
In a future works, we will show the great effect of the elaboration method of the row material on this parame-

ter. Shrinking was reduced to a minimal value by adding PEG 6000 with humid method. 
Figure 11 shows some examples of cylinders we elaborated for the measurement of shrinking and mass di-

minution. 
1) Shrinking average according to PEG 6000  
Three measurements of the diameter and length were adopted each day for height days; and the average was 

calculated for the results plotting.  
Table 8 presents the results of the average of reduction of the diameter and length and also the mass reduction 

according to PEG 6000 values. 
The plotting of the evolution of shrinking according to PEG 6000 mass added is presented on Figure 12. 
We observe high variation of the shrinking especially on the first four days after cylinder elaboration. After 

that, the shrinking evolution curve takes an asymptotic behavior due to the stabilization of the shrinking pheno-
mena. 

Cement presents the samfe shrinking behavior. Eurocode 2 standards, Section 1.1, present the equation of 
shrinking ratio as (see Figure 13): 

( ) 1 tr t e τ−= −                                           (2) 

τ  is a characteristic constant which depends on the material. This constant is calculated according to the Eq-
uation (3) (tangent line at the point t = 0). 

( )' 0rτ =                                            (3) 

According to the curves of Figure 14, the shrinking for all parameters, diameter, length and the mass follow 
the same look as on the Figure 13. 

So we can see that the deformations/shrinking denoted in our case correspond to the same look as the shrink-
ing function of cement, because of that the clay in on the basis of cement processing. It could be possible to 
model the r(t) function for all the samples, but for a first time, in this article, we will show the effect of the input 
which are PEG 6000 doping quantity and cay size. 

2) Shrinking average according to clay size 
Table 9 presents the averages of shrinking according to the clay size. The corresponding results are plotted on 

Figure 14, to see the influence of the clay size on shrinking. 
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(a)                            (b)                             (c) 

Figure 11. Cylinder samples elaborated for shrinking measurement. We adopted at least four cy- 
linders by essay, according to our experiments plan.                                         

 
Table 8. Average of samples shrinking according to PEG 6000 percentage.                              

PEG Qty 
(g)/6g clay Day 

Shrinking according to PEG 6000 PEG Qty (g)/6 
g clay Day 

Shrinking according to PEG 6000 

Diameter Length Mass loss Diameter Length Mass loss 

0.0 

1    

0.4 

1    
2 3.56% 4.26% 7.17% 2 2.33% 2.71% 5.16% 

3 7.19% 6.94% 11.62% 3 4.94% 5.47% 9.91% 

4 9.07% 8.79% 14.60% 4 6.21% 6.43% 11.63% 

5 9.80% 9.50% 21.86% 5 6.86% 7.05% 12.89% 

6 10.06% 9.74% 20.33% 6 7.57% 7.62% 13.89% 

7 10.00% 9.83% 21.23% 7 7.62% 8.13% 14.84% 

8 9.85% 9.94% 21.66%  8 8.33% 8.84% 15.45% 

0.1 

1    

0.5 

1    
2 3.23% 3.67% 5.01% 2 2.53% 2.46% 5.10% 

3 5.93% 6.12% 8.68% 3 5.10% 5.35% 9.44% 

4 7.93% 8.19% 12.61% 4 6.48% 6.41% 11.71% 

5 8.54% 9.21% 16.99% 5 7.31% 6.99% 12.76% 

6 8.92% 9.27% 19.47% 6 8.11% 7.76% 13.97% 

7 8.67% 9.57% 20.38% 7 8.45% 8.42% 15.24% 

8 8.67% 9.47% 21.20% 8 9.01% 7.63% 15.06% 

0.2 

1    

0.6 

1    
2 2.61% 3.35% 5.55% 2 1.00% 1.60% 4.02% 

3 3.95% 5.76% 10.22% 3 3.75% 3.74% 6.74% 

4 6.74% 8.56% 14.96% 4 4.66% 4.64% 8.46% 

5 8.45% 9.33% 18.83% 5 5.65% 5.59% 9.66% 

6 8.41% 9.29% 19.72% 6 5.84% 6.03% 10.82% 

7 8.45% 9.46% 20.40% 7 6.59% 6.75% 11.96% 

8 8.43% 9.56% 21.07% 8 7.09% 7.18% 12.59% 

0.3 

1         
2 2.89% 2.76% 4.30%      
3 4.20% 4.05% 7.46%      
4 5.61% 5.48% 11.14%      
5 7.80% 7.20% 14.38%      
6 8.10% 7.75% 16.11%      
7 8.41% 8.24% 16.77%      
8 8.29% 8.30% 18.16%      
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(a) 

 
(b) 

 
(c) 

Figure 12. Shrinking/diminution average of the cylinder ac- 
cording to PEG 6000 doping. (a) Diminution of the diameter; 
(b) Diminution of the length; (c) Mass diminution.            
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Figure 13. Shrinking function evolution of cement according 
to Eurocode 2, Section 1.1.                               

 
Table 9. Average of samples shrinking according to PEG 6000 percentage.                                        

 Shrinking according to clay size   Shrinking according to clay size   Shrinking according to clay size 

Size Day Diameter Length Mass Size Day Diameter Length Mass Size Day Diameter Length Mass 

3 

1    

5 

1    

7 

1    
2 2.93% 3.54% 5.64% 2 3.52% 3.65% 5.34% 2 2.28% 2.55% 4.59% 

3 5.34% 5.42% 10.34% 3 5.20% 5.22% 9.02% 3 4.40% 4.88% 8.24% 

4 7.22% 7.25% 13.41% 4 7.07% 6.78% 12.78% 4 6.12% 6.53% 11.17% 

5 8.18% 8.13% 16.29% 5 8.47% 8.20% 16.32% 5 7.43% 7.73% 15.95% 

6 8.68% 8.36% 17.90% 6 8.74% 8.56% 18.38% 6 7.76% 8.29% 15.89% 

7 8.74% 8.86% 18.30% 7 8.81% 8.88% 19.33% 7 7.99% 8.55% 16.92% 

8 9.24% 9.45% 21.32% 8 8.83% 8.77% 20.25% 8 8.22% 8.72% 17.46% 

 
Indeed, we observe that shrinking is decreasing from the highest size 3 to the lowest size 7. 
Interpretation and Discussion 
 Effect of PEG 6000 

As we can see on the curves, the row material, with 0% of PEG, have the maximum of shrinking and it de-
creases by adding more and more PEG 6000. 

It is clear that the PEG 6000 has a significant effect on the variation of the clay shrinking. 
We can explain this effect by the fact that the PEG 6000 fills the spaces or sites that exist into the clay, and 

after water evaporation (water is used to elaborate clay past for cylinder making), the polymer stops, by me-
chanical effect, the movement of clay sheets. 

It will reduce so on the internal constraints due to shrinking and avoid clay cylinder cracking. 
 Effect of the Clay Size 

According to the results of Table 9 and Figure 14, clay size has also an important effect on the shrinking di-
minution. 

As we saw in Section 3.2-b), when the clay size is low, it gives more amorphous phases which decrease the 
ionic exchange within the clay. 

We assume so that in the processing step of the cylinders, for low clay size, water adsorbing was low from the 
beginning, so symmetrically the corresponding shrinking was so. 

4. Conclusions 
In this paper we have tried to valorize natural clay by adding PEG 6000. We have adopted a complete experi-
mentation plan according to 6 values of PEG 6000 (Polyethylene Glycol 6000) quantity and three clay size val-
ues. 

Even if we used simple grinding (dried method), we have obtained important results regarding physical/geo-  
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(a) 

 
(b) 

 
(c) 

Figure 14. Shrinking/diminution average of the cylinder according to 
clay size. (a) Diminution of the diameter; (b) Diminution of the length; 
(c) Mass diminution.                                          
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technical properties:  
 The modification of the liquidity and plasticity limits (Figure 5 and Figure 6) according to PEG 6000 per-

centage and clay sizes; 
 The modification of the specific surface (Figure 8), which will permit us to estimate the effect on the swel-

ling and by the way the effect on the material shrinking (Figure 12 and Figure 14), according on the two 
input parameters. 

Thus, we propose so to integrate these results in construction and geotechnical field to look for some applica-
tion as ground reinforcement [16] and classical material processing. 
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