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Abstract: Underground coal gasification (UCG) process needs the stability of cavities around the coal seam for continuation of its the 

process. The stability of the cavities depends on the rocks strength adjacent of the coal seam, especially the rocks on the roof cavities. 

UCG process will lead to changes in rock mineralogy structure due to high thermal load around 700 - 900 oC or above and the existence 

of the thermal load also resulted in changes of the rock strength. To know these changes has been investigated experimentally in the 

laboratory the behavior of claystone samples from originating from the proposed of UCG pilot plant in MusiBanyuasin district, South 

Sumatera-Indonesia. Laboratory tests have been done with X-Ray diffraction (XRD), X-Ray Fluorescence (XRF) and geomechanics test 

to claystone samples before and after thermal treatment. The thermal load has been done by giving the variation of temperature at 30 – 

1100oC. This is assumed as the condition of temperature variation at the space of UCG gasifier.  In this paper also discussed the 

consequences of the changes of mineral structures and chemistry element to rock strength and conditions cavity after the UCG process. 
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1. Introduction 
 

Currently Indonesia is preparing alternative energy to fill the 

gap of oil and gas supplies, one of them is the 

implementation of underground coal gasification (UCG) 

technologies. This technology is one of the most promising 

to the exploitation of coal deposit which are not available by 

conventional methods. The UCG can be directly converted 

into a syngas under the in-situ condition without the need to 

remove overburden, so that the environmental aspect and 

safety is better than the conventional mine. Power plants or 

chemical industries could be processed from the syngas and 

could be converted to further chemical syntheses [5], [12]. 

Although the UCG technology has the potential to be 

developed in Indonesia by applying the clean coal 

technologies, cheap and safe for the coal reserves that are 

technically unmineable and uneconomic to mine by mean 

conventional mining methods, however, there are potential 

risks to watch out for when rocks adjacent of coal seam for 

UCG process is not able to hold the thermal loads and 

stresses in the roof rock.  

 

The two risks must be watched out are the gaseous product 

from UCG may pose a potential threat to the environment 

due to  organic contaminants that produced during the UCG 

process migrating through the crack of the weak rock that 

surrounding the coal seam and ground subsidence [11]. 

Underground cavities will be created due to the coal 

combustion process that allows the roof rock above the 

cavity to failure. The roof rocks failure will affect the rocks 

strata above it till to the surface, so infrastructure at the 

surface will be disrupted and the hydrological condition on 

the top of cavities will also be damaged [7], [13]. The 

temperature of gasifier or reactor where the UCG process 

takes place will be increased till high temperature around 

700 - 900 
o
C or above and will affected mineralogies 

structures of the rocks in the surrounding of the process [1]. 

Alteration of the structure of mineralogy and chemistry of 

the rocks due to the increasing temperature will also be 

changing the rock strength [4], [15]. 

 

This paper discusses changes in mineralogical structure and 

chemical composition of claystone samples through 

laboratory studies and these changes are correlated with 

changes of the rock strength, other geomechanics 

characteristics and consequences of such changes to the 

cavities conditions post gasification. The thermal load with 

temperature variations of 30
o
C - 1100

o
C charged to the 

claystone samples in this laboratory test is assumed to be a 

temperature variation in the space of the UCG gasifier / 

reactor. 

 

2. Materials and Methods 
 

The object of research is claystone samples originated from 

cap rocks or adjacent rocks of the coal seam that the target of 

UCG at MusiBanyuasin, South Sumatera, Indonesia. To keep 

the samples from failure, cracks or fissures before tested, the 

samples dried at room temperature as two weeks and also 

dried by oven at the temperature 100
o
C for 1 - 2 hours to 

remove remaining water content. Furthermore, to investigate 

experimentally the effect of temperature on the alterations of 

mineralogical, chemical structures, and geomechanical 

characteristics of claystone samples, several testing such as 

X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD), 

physical and mechanical properties (triaxial test) has been 

done before and after thermal load treatment. 

 

The thermal load treatment process is done by gradual 

heating to the desired maximum temperature and then 

cooling process is done in the furnace. To prevent drastic 

heat changes in the rock samples, the heating rate is 

maintained at 1oC/min until it reaches the desired 

temperature. At the maximum temperature desired, the 

samples remain in the furnace for 1 hour and then cooled in 

the furnace until the space temperature closed at room 
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temperature. The variation of temperatures is 30°C (room 

temperature), 100
o
C, 200

o
C, 300

o
C, 400

o
C, 500

o
C, 600

o
C, 

700
o
C, 800

o
C, 900

o
C, 1000

o
C and 1100

o
C. 

 

Differ to samples for XRD and XRF tests, the physical and 

mechanical properties test required samples with a diameter 

5,5 - 6,3 cm. The minimum length of samples is two times 

the diameter of rocks samples and the preparation of its 

samples by dry methods. Preparation of the test samples has 

been done by core drilling that taken directly by using a core 

barrel and in the laboratory subsequently prepared again to 

cut the cores according to the required dimensions. 

Laboratory analysis for mineral and chemical compositions 

of rock samples were done after geomechanical testing due 

the rock samples ex-the tests can still be used for mineral and 

chemical composition test. Chemical and mineral 

composition tests were performed using XRD and XRF 

methods. 

 

3. Result and Discussion 
 

3.1 XRD and XRF studies before thermal treatment 

 

The test results of several claystone samples before given 

thermal load treatment indicated that the mineral content of 

the rocks was dominated by quartz, kaolinite, illite and 

siderite (Type I, Kaolinite) and quartz, pyrite, 

monmorillonite, orthoclase and anorthite (type II, Non 

Kaolinite). Figure 1 shows the XRD test results of type I and 

Type II respectively. 

 

 
Figure 1: XRD Analysis (Type I and Type II) before thermal 

treatment 

 

The composition compounds of claystone comprise SiO2, 

CaO, MgO, Fe2O3, Al2O3 and several others. While based on 

the results of the tests with XRF method, showed that the 

content of elements in the sample generally consists of 

elements Si, Fe, Al, Cl, K, Ca, Ti, S, Zr, Mn, Sr and metal 

elements in small content relatively (Figure 2). 

 

3.2 XRD and XRF studies after thermal treatment 

 

The test results after being given thermal treatment showed 

the mineral content of rock samples both type I and type II 

dominated by quartz and cristobalite, but in type II still 

found the albite minerals. Figure 3 shows the XRD test 

results for type I and II of the claystone after thermal load 

treatment respectively. 

 

 
Figure 2: XRF Analysis of Claystone before thermal 

treatment 

 
Figure 3: XRD Analysis (Type I and Type II) after thermal 

treatment (1100
o
C) 

 

In Table 1 it is shown that there is a change in the percentage 

of chemical composition of each mineral before and after 

heating.  

 

Table 1:Comparison of chemical analysis before and after 

thermal treatment 

Constituent 

(%) 

Claystone 

Type I Type II 

Before 

(30oC) 

After 

(1100oC) 

Before 

(30oC) 

After 

(1100oC) 

SiO2 

Al2O3 

Fe2O3 

TiO2 

K2O 

CaO 

MnO 

MgO 

Na2O 

P2O5 

SO3 

Cr2O3 

CuO 

NiO 

PbO 

Rb2O 

SrO 

ZnO 

ZrO2 

LOI 

51,12 

38,43 

1,01 

0,01 

0,92 

5,12 

0,02 

0,42 

0,05 

0,053 

0,014 

0,01 

0,004 

0,005 

0,002 

0,012 

0,008 

0,012 

0,018 

2,762 

66,63 

29,32 

0,35 

0,01 

0,62 

2,84 

0,003 

0,19 

0,01 

0,01 

0,001 

0,001 

0,001 

0,002 

0,001 

0,001 

0,002 

0,001 

0,001 

0,01 

60,81 

20,84 

2,98 

0,42 

0,52 

5,35 

0,01 

0,02 

2,59 

0,053 

0,074 

0,01 

0,004 

0,005 

0,002 

0,012 

0,008 

0,014 

0,018 

6,26 

71,002 

16,96 

3,71 

0,27 

0,40 

4,39 

0,004 

0,017 

1,15 

0,021 

0,035 

0,019 

0,005 

0,005 

0,001 

0,012 

0,007 

0,010 

0,016 

1,955 

 

From these data it can be seen that the percentage of SiO2 is 

increasing, some of the other minerals are decreasing and 

some are increasing, that is indicating that there has been 

changes of mineral structures inside the rock when given the 

thermal load. Figure 4 shows the change of chemical 

elements in claystone after given the variation of thermal 

treatment. 
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Figure 4: Changes of constituent (%) in the thermal load 

variation 

 

3.3 Geomechanics studies 

 

To evaluate rock strength conditions of claystone samples 

before and after given  thermal treatment, several 

geomechanics tests have been done such as physical 

properties (density and porosity) and mechanical properties 

(triaxial) test. Based on test results, the density of claystone 

samples both the type I and type II shows tend to decrease 

when the increasing of the thermal load treatment (Figure 5). 

While, the porosity of the samples both type I and type II has 

increased when the increasing of the thermal load treatment 

(Figure 6). 

 

 
Figure 5: Density decrease rate versus temperature variation 

 

 
Figure 6: Total porosity increase rate versus temperature 

variation 

 

From triaxial tests, it is known that there is a significant 

difference between the strength of the claystone type I and 

type II. The strength of type I claystone are increased when 

the increase of the thermal load that’s being given to the 

samples, but the strength of the type II claystone even 

decrease such as shows on the changes of the failure stress 

value from several variations of confining pressure at Figure 

7.  Figure 8 shows the condition of the average of elastic 

modulus for both types of the claystone. The elastic modulus 

is the ability to maintain the conditions of rocks in a state of 

elastic [6].  

 

The value of elastic modulus of the rocks generally tends 

decrease when given the increasing of thermal load treatment 

[3], [2], [8]-[10]. However, base on the triaxial test result of 

the study, the elastic modulus value of the type I claystone 

samples were tend increase when given the increasing of 

thermal load treatment but the type II even were decrease 

such as shown on Figure 8. This suggests that an increase or 

decrease of the elastic modulus values at any thermal load is 

strongly influenced by the conditions of the microstructure 

(chemical and mineral composition) of the claystone 

samples. 

 

 
Figure 7: Failure stress of type I and II claystone versus 

temperature variation 

 

 
Figure 8: Elastic Modulus of type I and II claystone versus 

temperature variation 

 

With the increased thermal load received by rocks generally 

show an increasing trend of axial strain for some rock 

samples such as sandstone, limestone and coal [10]. 

However, the axial strain of the claystone samples in the 

study, shows the difference tends between the sample type I 

and II. Based on the result of a triaxial test with confining 

pressure variations of 50 kPa, 100 kPa and 200 kPa for 

claystones sample type I even was steady or did not show 

increasing of axial strain values when given being the 

increasing of the thermal load whereas the type II of 

claystone were increased.  

 

Based on the test result of the study, showed that for  type I 

claystone, changes of thermal load do not really affect to the 

rate of deformation, while for type II claystone, the greater 

the thermal load received of the rock samples then the 

greater the axial deformation or strain occurring. Figure 9 

shows the variation of axial strain to the increased thermal 

load as a form of change of axial deformation. 

 

 
Figure 9: Axial strain of type I and II claystone versus 

temperature variation 
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3.4 Claystone behavior on thermal load variations 

 

The mineral contents in the claystone can affect the strength 

of rock and when the rocks are given the thermal load, then 

the rocks strength can changes become hard or weak. The 

compounds of oxides when exposed to the high thermal load 

can be crystallized so the rocks become stronger, but if found 

the minerals that have swelling properties such as 

monmorilloniteand then the porosity of rocks becomes large 

causing weakening of the rock strength. The compounds of 

alkali oxides such as feldspar and mica which function as 

flux can decrease of the melting point of the combustion 

process [14]. In claystone type I which have kaolinite 

minerals, the water discharge process occurs at temperatures 

above 100 °C and gradually decomposed at a temperature of 

450
o
C by removing the hydroxyl group (-OH) and 

transformed into meta-kaolin. However, if there is no 

significant temperature rise, then can also happen on a back 

reaction that changes the structures into kaolinite back. At 

higher temperatures, the meta-kaolin will react to form 

crystalline compounds which will ultimately form the free 

silica (cristobalite) and mullite. In claystone type II, the 

minerals such as montmorillonite will remove the hydroxyl 

group (OH) into water at a temperature of 650oC and the 

rocks that originally swelling then shrinking. 

 

The studies that have been conducted on claystone samples 

show fairly consistent variations when given the variation of 

thermal load. The claystone samples of the type I show the 

trend of rock strength increased when the thermal load is 

increasing, but for type II claystone samples showed a 

tendency to weaken when the thermal load increases. This 

difference condition is inseparable from the condition of the 

samples tested included the mineral content of the rocks 

constituent. 

 

4. Conclusion 
 

A set of laboratory test to investigate the correlation of 

mineral composition to rock strength of claystone exposed to 

variety of thermal loads from 30
o
C to 1100

o
C has been 

carried out. The variation of thermal load assumed as a 

condition of the UCG gasifier/reactor. 

 

XRD test results showed that the structure of mineralogy of 

the rocks changes when given the variation of thermal load. 

The significant increase of the constituent minerals in 

claystone samples after being given a thermal load until the 

temperature reaches 1100oC is quartz minerals, while other 

minerals generally decrease, except for hematite (Fe2O3) 

which increases in  the claystone type II. 

 

Geomechanical test results investigated before and after 

being given the thermal load for parameters of density, 

porosity, rock strength, elastic modulus and axial strain show 

different behavior. The density of claystone decreases with 

increasing thermal load received by the rock and vice versa 

the  porosity of claystone increases with increasing thermal 

load received by rocks. To determine changes in the 

mechanical properties of claystone before and after given 

thermal load treatment has been done triaxial tested.The rock 

strength (failure stress) and elastic modulus increase when 

the increasing of the thermal load for the claystone type I and 

conversely decreased strength when the thermal load 

increases.  

 

Increased thermal load does not cause an increase or 

decrease in deformation Increased thermal load does not 

cause an increase or decrease in the load deformation at 

claystone samples of type I, whereas the increase in the 

thermal load on the type II claystone cause increased axial 

deformation or strain of the rock. 
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