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ABSTRACT 
 

The changes of characteristics of rocks such as claystone, siltstone, and sandstone 
exposed to high temperatures until 1100oC has been investigated experimentally in the 
laboratory. The samples originate from the proposed of UCG pilot plant in Muara Enim 
formation in the Palembang basin. The mineral composition of the rocks is very 
influential on the characteristics of rocks when treated under thermal load 
variations.The density of rocks decreases with increasing thermal load, but is not more 
than 10%. The porosity increased along with the temperatures increase. After thermal 
treatment, the mechanical properties of the rocks showed significant differences 
between the rocks that the dominant contain kaolinite mineral with the non-dominant 
contain kaolinite mineral. For the first group showed increases values in the 
compressive strength, modulus of elasticity and the axial strain after thermal treatment 
and the second group showed declines. But the values of the Poisson ratio of claystone 
and siltstone both for the first group and the second group showed a decreasing trend 
except sandstone rocks which showed a rising trend. In the opinion of the authors of 
the grain size could affect the value of Poisson's ratio. According to the dynamic test 
results showed an increase in velocity of compression and shear wave propagation for 
the first group of rocks but decline for the second group. That is quite interesting here is 
the significant reduction in the temperature of 500oC to 600oC for rocks from the first 
and the second type of rocks. This shows the difference in rate between the release of 
hydroxyl groups from the rocks that dominant kaolinite mineral with the non-dominant 
kaolinite mineral. 
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1. Introduction 
 

Most of Indonesia coal deposit is low rank coal, so at more than 200 meters depth, 
the coal is uneconomical to be mined using conventional methods due to its high 
stripping ratio. One of the alternative methods to exploit such deposits is an 
implementation of underground coal gasification (UCG) technology. The government of 
Indonesia is considering UCG technology to be implemented in the country since UCG 
intensify coal resource use through extraction of deep seated coal and it will produce 
syngas that can be synthesized to synthetic natural gas to fill the gap between natural 
gas supply and demand in the near future and UCG has lower CO2 footprint. However, 
there are two potential risks associated with the characteristics of rocks surrounding the 
coal seam (cap rock). The first is the risk of groundwater contamination due to organic 
contaminants produced during the UCG process that penetrate to surrounding rock into 
the aquifer and the second is subsidence (Torres et al., 2014) due to the cavity formed 
during the UCG process which allows the rocks above the cavity to collapse. The 
subsidence will also affect the infrastructure on the surface and may change 
hydrogeological conditions above the cavity (Sury et al., 2004; Walter, 2007). 

The largest of the cavity produced during the UCG process is similar to an 
underground mine cavity produced by longwall method, however the physical 
properties of rock in roof and floor of both cavities should be different from UCG uses 
heat to extract coal. When the temperature increases, the strength of rocks around the 
gasifier such as claystone, siltstone, and sandstone will change significantly (Hettema 
et al., 1992; Hajpál and Török, 1998; Ma et al., 2005; Tian et al., 2009; Zhang et al., 
2010; Tian et al., 2015). 

Subsidence risk depends some factors, including cavity volume, overburden 
pressure and rock strength. In this paper the strength of rock derived from the 
proposed location for the UCG pilot plant will be discussed. The purposes of this study 
are to analyze mineralogical structure and chemical composition of sedimentary rocks 
of the proposed location and to investigate the effect of thermal load changes to the 
characteristics of the rocks (physical, mechanical and dynamical). 
 
 
2. Materials preparation and methods 
 

Rock samples from above and below the target coal seam were used for this study. 
The samples were collected through core-drilling at the proposed of UCG plant in 
Muara Enim formation in the Palembang basin. Claystone, siltstone, and sandstone are 
the main rocks adhered to the coal seam (Figure 1). The samples were prepared using 
dry methods of two-week air drying as recommended by The International Society for 
Rock Mechanics (ISRM). Rock samples in the study are assumed as homogeneous 
and isotropic.  

For geomechanical test, core samples with a diameter of 5.5 – 6.3 cm and a length 
of 2 – 2.5 times diameter were used. The samples were tested in UCS and triaxial tests 
at a constant displacement rate about 0,002 mm/s. The axial and radial displacement 
were measured with three LVDTs, one LVDT measuring the axial and the other two 
measuring the radial displacement. Prior to the UCS and triaxial tests, primary and 



secondary waves (P-wave and S-wave) velocity were calculated by measuring the 
travel time of ultrasonic wave through a rock sample using the Sonic Viewer-SX. 

As described by Hill and Thorsness (1982), the process of gasification and coal 
combustion that occurs in the underground will raise the temperature of about 700 - 
900oC and when the gasification process is not disturbed by the seepage of ground 
water, the temperature will remain at about 1000oC. Furthermore, Burton et al., (2007) 
estimated that the temperature in the gasification chamber can reach 1500oC. This 
condition means that the surrounding rock and coal gasification cavity will be exposed 
to high temperatures during the gasification process takes place. To mimic these 
conditions in the laboratory, the process of thermal treatment of the test sample is done 
by heating the sample using a furnace. The thermal loading process is done by 
gradually warming up to the maximum temperature that can be achieved by a furnace 
and cooling process is then performed. The thermal treatment was performed using 
Nabertherm electric furnace. After air-drying, the samples were selected and then 
heated at a rate of 1oC/minutes at ambient pressure to minimize thermal shock and 
reduce occurrence of fissure and fracture. The samples were maintained at 
predetermined thermal load for two hours and after that cooled down in the chamber 
until room temperature at the same rate. The predetermined thermal load for the 
research were 30oC, 100oC, 200oC, 300oC, 400oC, 500oC, 600oC, 700oC, 800oC, 900oC, 
1000oC and 1100oC. After thermal treatment, only intact samples are selected for 
geomechanics test.   

Powdered rock samples were subjected to XRF (X-Ray Fluorescence) and XRD (X-
Ray Diffraction) analyses to obtain chemical, mineral composition and to examine the 
bonding between the mineral and grain/particle size. Sample characterization was 
conducted using standard of mineralogical and geomechanics tests defined and 
described in the Indonesia National Standard (SNI) and in American Society for Testing 
and Material (ASTM). 
 
 
  



3. Experimental results 
 
3.1 Data analysis 

The types of rocks as the object of the research are claystone, siltstone, and 
sandstone that dominates around the coal seam at the study location in Muara Enim 
formation in the Palembang basin as seen in Figure 1. 

 

Fig. 1 Stratigraphy of rocks at the study location 

 

If compared the three types of rocks from the study location with sedimentary rocks 
from some countries that reviewed, the density and the UCS value are lower as seen 
Figure 2. This is because generally the age of the rock formations in Indonesia is 
relatively young compared to some countries as indicated by the condition of the rocks 
that has not well compacted and their geological formations are varied (Rai et al., 2010). 
The following results are the current state of the study concerning the examination of 
the impact of variation, thermal load of changes of geochemical and geomechanical 
properties of rocks as a preliminary study to know bearing capacity or strength of the 
rocks around the proposed UCG pilot plant. 

 



 

Fig. 2 Variations of rock density and UCS from the study location and the 
reviewed rocks 

 

Test results for 61 samples of claystone, sandstone, and siltstone in the rocks 
around the coal seam indicate that the mineral content of the third of rocks dominated 
by the mineral of quartz, kaolinite, illite, siderite, pyrite, montmorillonite, orthoclase, and 
anorthite. On the claystone and siltstone, more than 50% found the kaolinite, illite, and 
siderite except in sandstone only found about 25%, but illite and siderite over 60% of 
the samples tested. The result of the chemical composition of the elements of 
claystone, siltstone, and sandstone at the study location are tested by XRF method 
showed the dominant element are Si, Fe, Al, Cl, K, Ca, Ti, S, Zr, Mn, and Sr as well as 
some metallic minerals containing relatively very small. 

 
3.2 Changes of physical properties 
 

To investigate the effect of temperature on the physical properties of rocks such as 
density and porosity, the samples have been tested before and after thermal loads. In 
this study, the authors distinguish between samples originating from the study location 
based on the dominant composition of minerals. The first group (group-I) of the sample 
contains quartz, kaolinite and several minerals with a small percentage and the second 
group (group-II) contains quartz, siderite, montmorillonite, illite, pyrite, anorthite, and 
orthoclase. 

The change physical properties due to thermal loads could be seen from the test that 
compares the value of dry density and porosity of rock before (room temperature/30oC) 
and after being given a thermal load up to 1100oC. For the density changes, generally 
have a decline in value that is not too significant, ranging between 1-10%. Figure 3 



shows the change in density after subjected to the thermal load. 
 

 
Fig. 3 Dry density versus thermal load 

 
According to Tian (2013), the density decrease can be caused by loss of mass and 

volume expansion. Lost mass is usually caused by the evaporation of free moisture 
contained within the pores of the rock. Evaporation of pore water occurs at a 
temperature of no more than 200oC (Tian, 2013), so the decline in the rock mass above 
200oC at the thermal loads can be caused by the chemical composition alterations of 
rocks that undergoing a process of disintegration into free oxides, carbon dioxide or 
water vapor. Some previous researchers (such as Somerton, 1992; Ferrerro & Marini, 
2001; Yilmaz, 2011; Wu et al, 2011; Aramide, 2012; Singer & Tye, 1979; Tian, 2013; Su 
et al, 2015) observe bulk density several rock types such as limestone, coal, claystone, 
bricks, they conclude that the dimensions have changed, the mass of the rock declined 
were accompanied by enlargement of the samples volume due to structural damage to 
the samples after being given a thermal load. 

The loss of the rock mass that reduces the density of the rocks also resulted in the 
opening of the porosity of the rocks, so that with increasing of the thermal load, and 
also open the microstructure in crystallography minerals that compose of these rocks, 
thus increasing the porosity of the rocks (Somerton, 1992; Yilmaz, 2011; Tian, 2013). 
The results of testing that were done on the rocks around the coal seam at the study 
locations such as claystone, siltstone, and sandstone showed a tendency to increase 
with increasing the thermal load that treated to each of these rocks. In the figure 4 
shows the correlation between the treatment of thermal load to increase the value of 
rock porosity. 

Changes rock porosity is influenced by the water content contained in these rocks 
(Hettema, 1999; Yilmaz, 2011). When the temperature raised, the rocks will experience 
dehydroxylation and loss of water adsorption and hydration, consequently, the 



interlayer space is damaged and occurs a change of porosity. These changes alter the 
porosity rocks as macro and micro as well as alter the plasticity of rocks (Yilmaz, 2011). 
The increase in temperature to some rocks (group-II) that have a structure mineralogy 
non-kaolinite will change the microstructure significant due to swelling so that the rock 
volume increases, while the rocks (group-I) that have a structure mineralogy kaolinite at 
a given temperature will be amorphous so that the microstructure instead become solid 
(Heller-Kallai, 2006). The process of heating until the temperature of 1100oC done by 
using a furnace at a rate of temperature rise was maintained low at approximately 2 - 
3 °C / min. Heating with higher rate generally can cause thermal cracking that can 
destroy samples of rock, making it difficult for further testing. 

 

 
Fig. 4 Total porosity versus thermal load 

 
3.3 Changes of mechanical properties 
 

Observations of alterations the mechanical properties of the rocks due to the thermal 
load were the uniaxial compressive strength, elastic modulus, Poisson's ratio and axial 
strain at a peak stress. Some previous researchers such as Tian (2013), Sygala et al 
(2013), Su et al (2015) have generally concluded that the rock strength decreases with 
increasing thermal load received by rocks. But some other researchers in their research 
result show a different trend. There are quite significant differences in each level of 
thermal loading and even tends to increase with increasing of thermal load that 
received of rocks such as expressed by Yilmaz (2011), Aramide (2012), Ranjith et al. 
(2012). Mao et al (2014) suggests that an increase in rock strength in the thermal load 
at the range of 200oC - 600oC higher than the strength at room temperature. 

In this study, at first, the authors conducted a correlation between uniaxial 
compressive strength with thermal loading variation from room temperature to 1100oC 
regardless contents of mineralogical of each sample were tested. The results showed 
no significant trend even tend to be inconsistent as expressed by Tian (2013). Attracted 
by research conducted by Yilmaz (2011) who studied the effect of temperature on the 
characteristics of claystone which are kaolinite and bentonite, the authors tried to 
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separate the rock samples that have been tested based on the dominant mineral and 
divided into group-I (the rocks contain quartz, kaolinite and several minerals with a 
small percentage) and group-II (the rocks contain quartz, siderite, montmorillonite, illite, 
pyrite, anorthite, and orthoclase). The results show that there is an increasing trend of 
rock strength (UCS) in the rock group-I as shown in Figure 5 and the downward trend in 
the strength of group-II rocks as shown in Figure 6. 

 
Fig. 5 Normalized UCS (type-I) versus thermal load 

 
 

 
Fig. 6 Normalized UCS (type-II) versus thermal load 

 
 

In addition to the correlation between the values of UCS with temperature, modulus 
of elasticity can also be correlated versus changes in thermal load. Modulus of 
elasticity is the ability to maintain the condition of rocks in a state of elastic (Rai et al, 
2011) or a measure of the stiffness of an elastic material. According to Hettema et al 
(1992), Dengina et al (1994), Su et al (2008), Tian et al (2009) and Tian et al (2013) the 
value of the modulus of elasticity of rock tends to decrease with the increase of the 
thermal load are imposed to the rocks. Based on the UCS test of the samples that 
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derived from the study location, it turns out the value of the modulus of elasticity is 
affected by the condition of mineralogy and the level of the thermal load be received the 
rocks. Figure 7 illustrates the difference in the modulus of elasticity in each of the rock 
group. 

 

 
Fig. 7 Young’s modulus versus thermal load 

 
A value of Poisson Ratio (υ) is the ratio of lateral strain to axial strain (Rai et al, 2011). 

This ratio characterizes the deformation of rock due to the load (in this case the uniaxial 
load). The change in the thermal load of rocks from the study location was influential to 
deformation, but the value of Poisson's ratio for each rock type shows inconsistently. 
The value of the Poisson ratio for claystone and siltstone of the kaolinite group and 
non-kaolinite showed a decreasing trend except sandstone rocks which showed a 
rising trend. In an opinion of the authors, the grain size seems to affect the value of the 
Poisson ratio. Figure 8 shows the change in the value of the Poisson ratio normalized 
to temperature change for each group of rocks. 

Tian (2013) has conducted a test correlation against data coming from several 
countries. From these studies, the sandstone, limestone, and coal indicate a trend 
towards an increase in axial strain due to the increasing of the thermal load. This study 
has been carried out the correlation between the temperature of the axial strain in the 
triaxial test with three variations of confining pressure (50 kPa, 100 kPa, and 200 kPa). 
In Figure 9 shows the variation of axial strain normalized (εp-axial / εp0-axial) as a form 
of the deformation changes. At the Figure 9, the axial strain from the group-II of the 
rocks showed a decreasing trend, while for the group-I of rocks, in fact, showed an 
increasing trend. Although it varies, but it can be seen that at temperatures around 
400oC all rock types generally indicate a decrease in the deformation, it is because of 
the rock begun to change the phase in which some elements began to harden. As for 
the rocks of the group-I, because these minerals are not plastic, so that the level of 
depreciation and the power of drying are the lowest and highly refractory (Hamzah, 
2005), then the deformation continues to increase until at a temperature of 700° C and 
then began to decrease. While the rocks of group-II tends to decrease though slightly. 
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Fig. 8 Normalized Possion Ratio versus thermal load 

 

 
Fig. 9 Normalized axial strain versus thermal load 

 
3.4 Changes of dynamic properties 

 
The dynamic values of rocks were obtained from the ultrasonic test in the laboratory 

by measuring the P-wave velocity (Vp) and the S-wave velocity (Vs) of rock samples 
from the study location. The Vp values are the value of the velocity of the compression 
wave, while the Vs values are the velocity of the shear wave. Some researchers have 
observed changes in wave velocity of rock samples after thermal loadings, such as 
Takarli & Agbodjan (2008). From the graph that their publication shows that the value of 
the compression wave velocity decreases linearly until the temperature of 500oC and at 
the temperature of 600oC drastically reduced, but not mentioned a change of shear 
wave velocity. While Su et al (2015) explains that the decline in the rapid propagation of 
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longitudinal waves (compression waves) on sandstone decreases linearly to a 
temperature of 400oC and plummeted to a temperature of 800oC. In Figure 10 and 11 
shows the results of the author's study of the three types of rocks with the group-I and 
group-II. This study shows the significant variation of compression wave velocity 
against the temperatures. In Figure 10 shows the wave velocity values in the rocks of 
the group-I increased when given thermal loads up to 1100oC. At temperatures of 
500oC, the compression wave velocity decreased and increased sharply to a 
temperature of 900oC and then decrease again although not drastically (siltstone). 
While claystone also increased fluctuate up to 1100oC. In Figure 11 to claystone, 
siltstone, and sandstone of group-II showed a decrease fluctuating but rather significant 
decrease occurs when the temperature of 600oC. 
 

 
Fig. 10 Normalized Vp (group-I) versus thermal load 

 

 
Fig. 11 Normalized Vp (group-II) versus thermal load 

 
3.5 Changes in minerals composition 

The minerals contained in clastic sedimentary rocks such as claystone, sandstone, 
and siltstone in the study locations have a very important role in influencing the rock 
strength of the thermal load, physical, mechanical and dynamical in a complex system 
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of the rock mass. The UCG process will involve the loads on the rocks around the coal 
burning. The mineral content of the rocks can be making the rocks more strongly when 
given the thermal load and also can be weakened. The compounds of oxides such as 
SiO2 and Al2O3 are material to the framework in the manufacture of ceramics and other 
components such as Fe2O3, TiO2 is a compound that can give color to the rock (Rifki et 
al, 2007). 

 According to Worrall (1968) and Worrall (1986), some compounds of alkali oxides 
such as feldspar, mica or other minerals function as a flux that is a compound that can 
lower the melting point of the ceramic firing process. In addition, Worrall (1968) also 
explained that the mineral kaolinite when releasing water at temperatures above 100oC 
would gradually decompose at 450oC temperature by removing the hydroxyl group (OH) 
as water and turns into meta-kaolin reaction process as follows: 

 

𝐴𝑙2𝑆𝑖𝑂5(𝑂𝐻)4
450𝑜𝐶
→    2𝐴𝑙2𝑂3. 3𝑆𝑖𝑂2 + 𝑆𝑖𝑂2                                   (1) 

 
But when there is no a significant temperature rise, then it can also occur backlash 

that alters the structure back into kaolinite. At higher temperatures again, meta-kaolin, 
reacts to form crystalline compounds which in the end result will be formed free silica 
(cristobalite) and mullite, 3Al2O3 2SiO2 (Rifki et al, 2007). The process of changing 
meta- kaolin into silicon spinel and silicon spinel mullite turned into pseudo (pseudo-
mullite) then changed again into mullite and cristobalite can be explained by the 
following equation. 

2[𝐴𝑙2𝑂3. 2𝑆𝑖𝑂2]  
925𝑜𝐶
→    2𝐴𝑙2𝑂33𝑆𝑖𝑂2 + 𝑆𝑖𝑂2                                   (2) 

Meta kaolin                    Silicon spinel 

2𝐴𝑙2𝑂3. 3𝑆𝑖𝑂2
1100𝑜𝐶
→     2[𝐴𝑙2𝑂3. 𝑆𝑖𝑂2] + 𝑆𝑖𝑂2               (3) 

Silicon spinel               Pseudomullite 

3[𝐴𝑙2𝑂3. 𝑆𝑖𝑂2]
1400𝑜𝐶
→     3𝐴𝑙2𝑂3. 2𝑆𝑖𝑂2 + 𝑆𝑖𝑂2                (4) 

Pseudomullite         Mullite     Cristobalite 

Along with increasing temperature, the mullite crystals grow and form the hard 
cristobalite. In contrast to kaolinite, the non-kaolinite minerals such as montmorillonite 
will remove the hydroxyl group (OH) to be the water at a temperature of 650oC and 
rocks were originally experienced swelling and then shrinking, resulting in the rock 
porosity was also changed so that the strength of the rocks to be reduced. According to 
Rifki et al. (2007), change or decomposition of mineral into an amorphous mass of 
alumina and silica occurs at higher temperatures than the kaolinite mineral and spinel 
phase will appear as well as the end of a product that is mullite and cristobalite (Worral, 
1968) will occur after heating at a temperature of 1400oC. 

Rocks such as claystone, siltstone and sandstone generally contains quartz, illite, 
mica, pyrite, orthoclase, siderite, anorthite, siderite which affect the rock strength when 
given the variation of thermal load, because the compounds of these minerals 
contained ions such as Na, K, Ca and Mg that acts as a fluxing ions. 



The presence of these ions can lower the melting point and usually react with the 
silica slowly at high temperatures between 700 - 1100oC and form a viscous fluid and 
after cooling it will not form crystals, but into solid form glasses and the fluxing ions will 
fill the empty spaces in the network of Si-O. In the end, due to the high-temperature as 
the thermal load will generate the amorphous rocks experiencing vitrification and 
crystallized. The process of alterations the microstructure system of the claystone, 
siltstone, and sandstone, can be seen from the change in the percentage of rock-
forming minerals before and after subjecting to the thermal load (see Table 1). The 
XRD test had shown that has differences in the mineral structure before and after being 
given thermal load. As shown in the diffractogram of one of rock samples in Figure 12 
before given the thermal load,  mineral composition is quartz, sodium magnesium 
aluminum silicate hydroxy and sodium calcium aluminum silicate. Meanwhile, after 
heating to 1100oC as shown in Figure 13, the structure minerals had formed to 
crystalline compound such as cristobalite and partly still form albite and quartz minerals 
as binder and filler that gives stiffness to the rock. 

Table 1. The percentage changes of chemical compounds of rocks 
 

Lab. Code 6225/2016 6224/2016 6227/2016 6226/2016 6229/2016 6228/2016 

Rock type Siltstone Claystone Sandstone 

Thermal 
load 

30o C 1100o C 30o C 1100o C 30o C 1100o C 

SiO2 % 76,13 79,57 54,76 71,37 65,33 76,28 

Al2O3 % 11,11 12,38 22,86 22 16,64 13,54 

Fe2O3 % 2,83 3,07 5,36 1,84 3,79 4,72 

TiO2 % 0,65 0,69 0,76 1,02 0,55 0,36 

K2O % 1,76 1,87 2,17 1,47 1,59 1,22 

CaO % 0,54 0,59 0,6 0,45 1,73 1,42 

MnO % 0,028 0,038 0,078 0,01 0,057 0,025 

MgO % 0,85 0,88 1,47 0,74 1,6 1,35 

Na2O % 0,41 0,32 0,4 0,53 1,57 0,7 

P2O5 % 0,045 0,041 0,053 0,029 0,095 0,038 

SO3 % 0,02 0,011 0,074 0,008 0,021 0,01 

Cr2O3 % 0,011 0,013 0,01 0,008 0,013 0,025 

CuO % 0,004 0,003 0,004 0,003 0,003 0,004 

NiO % 0,004 0,004 0,005 0,003 0,004 0,004 

PbO % 0,001 0,001 0,002 0,002 0,002 0,001 

Rb2O % 0,007 0,008 0,012 0,005 0,005 0,005 

SrO % 0,007 0,008 0,008 0,009 0,02 0,017 

ZnO % 0,008 0,009 0,012 0,015 0,011 0,008 

ZrO2 % 0,039 0,037 0,018 0,031 0,019 0,017 

LOI % 5,54 0,46 11,38 0,44 6,96 0,25 

 
 
4. Discussion 

According to the results of laboratory tests above, there are significant differences 
between the behavior of the dominant rock containing the mineral kaolinite (group-I) 
and non-kaolinite (group-II) when given the thermal load such as physical, mechanical 



and dynamical behavior. The density of rocks at the study location generally decreased 
with increasing thermal load. The changes are not too drastic, ranging between 2-10%. 
Same as the density, the porosity of rocks also showed an increase. The UCS test 
result for the group-I, the claystone are generally shown an increase, but it is 
interesting here is that when the temperature of 500oC showed the lowest value. Same 
like the claystone, the siltstone from the group-I indicates the lowest value too at the 
temperature of 500oC. Appropriate with the research Warrol (1968) and Rifki et al 
(2007), the rocks that the dominant of kaolinite mineral will release the hydroxyl groups 
at a temperature of 450oC and at this point no temperature increase hence occurs the 
reversible reaction which was originally a change into meta-kaoline to be hydrated back 
into kaolinite.  
 

 
Fig 12. Difractogram of sandstone sample before heating (30oC)  

 
The rocks from the group non-kaolinite (group-II) have the lowest UCS value at the 

temperature of 600oC. This occurs because the non-mineral kaolinite releasing the 
hydroxyl groups at temperatures between 600 - 650oC, depending on the percentage of 
non-mineral kaolinite compared with kaolinite. This decrease not only in claystone but 
also occurs in siltstone. The process of releasing the hydroxyl group in the claystone 
and siltstone is the beginning process of the resulting dehydration that may be can be 



formed an amorphous mass of alumina and silica thereafter. 
Different with the two rock types above, the sandstone as the rocks with dominant non-
kaolinite mineral has the lowest UCS value at a temperature of 500oC and 700 °C, 
while the temperature of 600oC slightly increased. This is possible because the grain 
size of sandstone is greater than the claystone and siltstone, so that when there is a 
high thermal load, the group of hydroxyl faster apart and formed an amorphous mass to 
become alumina and silica, but at the time of hardening and strengthening, emerging 
the microcracks, it makes rock fell back, so that the temperature of 700°C, the value of 
UCS decrease back. 
 

 
Fig 13. Difractogram of sandstone sample after heating (1100oC) 

 
Similar to the values of UCS, the elastic modulus or Young's modulus are influenced 

by minerals which contained in the rocks. For claystone and siltstone from the group of 
dominant the kaolinite mineral, the modulus of elasticity tends to increase with 
increasing thermal load. While the elastic modulus of rocks from the dominant of non-
kaolinite mineral generally tends to decrease with the increase of the thermal load that 
treated against of the rocks. Different with the modulus of elasticity, the value of 



Poisson's ratio for all types of rocks and mineralogical different groups generally 
showed little inclination decline, except the sandstone from the group of dominant non-
kaolinite mineral which tends to increase albeit slightly. This condition occurs according 
to the author's opinion is influenced by the grain size so has little effect on the axial 
deformation. 
 
 
5. Conclusions 
 

Study the influence of temperature on the changes in characteristics and behavior of 
rocks with being given various thermal loads has been carried out. The various 
temperature are 30oC, 100oC, 200oC, 300oC, 400oC, 500oC, 600oC, 700oC, 800oC, 
900oC, 1000oC and 1100oC. The density of rocks decreases with increasing thermal 
load. Despite this decrease in density is not more than 10% (range 1-10%). Same with 
the density, when given the thermal load along with the rising temperatures, the 
porosity of rocks are increased. The differences of porosity of rocks are affected by the 
water content contained in these rocks. When the thermal load is increased, the rocks 
undergoes dehydroxylation and loss of water adsorption and hydration, consequently, 
the space of interlayer is damaged and there is a change of porosity. These changes 
alter the macro and microporosity of rocks as well as change the plasticity of these 
rocks. 

Based on the test results of mechanical properties the rocks showed significant 
differences between the rocks that dominant kaolinite mineral (group-I) with the rocks 
that dominant non-kaolinite mineral (group-II). For the group-I, when given the variation 
of the thermal load from room temperature up to 1100oC showed increases value in the 
compressive strength, modulus of elasticity and the axial strain. As for the group-II 
showed declines. But the values of the Poisson ratio of claystone and siltstone both for 
the group-I and group-II showed a decreasing trend except sandstone rocks which 
showed a rising trend. In the opinion of the authors of the grain size could affect the 
value of Poisson's ratio. 

The dynamic test has been carried out by testing the velocity wave propagation of 
rock samples derived from the study location. The test results showed an increase in 
velocity of compression and shear wave propagation for the rocks that dominant 
kaolinite minerals (group-I), but decline in the rocks that dominant non-kaolinite mineral 
(group-II). That is quite interesting here the significant reduction in the temperature of 
500oC to 600oC for rocks from the group-I and II. This shows the difference in speed 
between the release of hydroxyl groups from the rocks that dominant kaolinite mineral 
(group-I) and non-kaolinite mineral (group-II). 

Several tests have been conducted to know the characteristics of mineralogy such 
as XRF and XRD to see behavioral changes in the microstructure of the rock at each 
level and the addition of thermal loads. The role of the minerals contained in rocks from 
the study location is very influential on the characteristics and the behavior of rocks 
when treated the change of the thermal load. 
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