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Table 1. Characteristic of suitable soil for the brick’s production   

 �&'��   /�<Q N��Q +R   �&'�� E��  

2SiO 40-60   (0��   6�F7�  

3O2Al  21- 9   (0��   6�F7�  

3O2Fe  3-12   (0��   6�F7�  

CaO  ˃17  (0��   6�����  

MgO  ˃ 4  (0��   6�F7�  

3SO  ˃ 5/0   (0��   6�����  

 V���
' (��(��� ���	 (0��2CO ˃ 5/8   (0��   6�����  

  ���	 5K� (0��1L.O.I ˃ 16   6�����  

  V!� 6	� 
� �(�� (0��150  $	�
.��  ˃5/7   6�����  

 r� 6
��� (@ 30- 17  (0��   6�����  

  

 /�+02 ����� �-� ��.+����. �� S��*� �01 T1 TA0 �&'�� .7 

Table 2. Water absorption characteristics of the brick according to the national standard No. 7  
  

 

  

  

  

  

  

  

  
  

 /�+03  ���01 E.��. ��L� ,���D� NQ.+R .  

Table 3. Minimum compressive strength of all brick’s types   
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1 Loss on ignition 
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 NF�1 ����� N:� � �()�*� ���� ���+:� ,�(Q�� . �LD� �� �� �.���  

Fig. 1. Study area and sampling location on the map 

    

 
  NF�2   ���7� . N:� ����� ���.����   X).-   �+�  �&�&� �-�� +R.�K-1    �T-    ,�-�. +R.�R-2�  Y-    +R.�  ��K�!�. ,�-�.

H-3�  Z-  +R.� ,�-�.T-4   �[-  \�� ���� 	. �����" �� �.��� �+�  �&�&� �-�� +R.�T-5  

Fig. 2. Outcrop of sampling locations (a) K-1 metamorphosed shale unit (b) R-2 slate unit (c) H-3 slate unit (d) T-4 slate 
unit (e) T-5 Metamorphosed shale unit with an interval of sandstone 
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 /�+04. N:� Z�]�^� � Z�]^L������ �� �.���  

Table 4. Characteristics and coordinates of sampling locations 
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�?'�  N 35 ̊ 09.3´ 

E 48 ̊ 58.4´ 

R-2  shJ  $��   6
�?'� ;� )���� 6�,j�  N 35 ̊ 18.3´ 

E 49 ̊ 10.6´  
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E 48 ̊ 11.9´  
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Fig. 3. Different stages of preparation, molding and production of mud brick from the studied samples 
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Fig. 4. Picture of bricks made from the studied samples 
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Fig. 5. Pictures of the compressive strength test of the brick samples  
  

 
 NF�6  `�)��1 	. Nb�R �.���� .XRD  ����� �� ���()�*� ���� �� 

Fig. 6. X-ray diffractograms of the studied samples  
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Table 5 . XRD analysis results of the studied samples  

 ����� �����   ���� \�� �+��� N�FL" ��  

K-1  5�? '�5�
 ' ,�� ' �5�F!8 �5�,.�,� �5� �� �"G��,'  

R-2   5�F!8 �5� �� �5�
 ',�� ' �5�? ' �"G��,'  

H-3   �5�F!8 �5�? ' �5�,.?� �"G��,' 5� �� �5�
 ',�� '  

T-4   5�,.?� �5�F!8 �5� �� �5�
 ',�� ' �"G��,'  

T-5   5�.�� �5�F!8 �5�
 ',�� ' �5�? ' �"G��,'1 5�,.�,� �5� �� �  

 

 
1 Dickite (phyllosilicate clay mineral) 
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Table 6. Chemical analysis results of the studied samples  
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Table 7. Results of Atterberg limits of the studied samples  
PI  PL  LL  ;�,��  

3  18  21  K-1  

4  20  24  R-2  
N. P  17  17  H-3  

4  22  26  T-4  
6  23  29  T-5  
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Fig. 7. Position of the studied samples on (a) clay workability chart (b) the Holtz and Kovacs diagram  
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Table 8. The results of the physical properties of the produced bricks  
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Fig. 8. Percentage weight loss of brick samples in 50 cycles of freezing and thawing  
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Table 9. Test results of uniaxial compressive strength for bricks produced  
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Table 10. The results of the dissolved solutes in the water of the manufactured bricks  
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Abstract 

The objective of this study is to investigate the characteristics of slates and metamorphosed shales in 

Hamadan province for their potential use in brick production. Firstly, the slatey and shaley units of 

geological Formations in Kabudar Ahang, Razen, Hamedan, and Tuserkan with a scale of 1:100,000 
were identified, and their geological and petrological data of metamorphic units were collected. 

Following field visits, five sampling locations were selected. The results of the chemical analysis of the 

main oxides and X-Ray Diffraction analyses confirmed that the lithological composition of the sampling 

sites is slate and metamorphosed shales. According to the results of the data obtained from the chemical 

analysis, the composition of the studied rocks meets the required standards for brick preparation 

(Standard No. 7 of the National Standards Organization of Iran). After preparing the samples, physical, 

chemical, and mechanical tests were conducted on the bricks. The density values of the manufactured 

bricks indicate they are lighter than regular bricks. Water absorption of the produced bricks is within the 

acceptable range for facing bricks and pressed bricks according to Iran's national standard. All the slate 

and metamorphosed shale bricks are in good condition in terms of strength and can be used for 

engineering, facing, and pressed bricks. Results of the freezing test on the bricks subjected to 50 cycles 

of freezing and thawing show that the weight loss percentage of the samples falls within the permissible 

limit of Iran's national standard (No.7). Also, the amount of soluble salts in the bricks is at the optimal 

level. Overall, all the properties examined in the slate bricks comply with relevant standards, indicating 

their suitability for use in the brick-making industry, which is economically and environmentally 

significant. 
 

Keywords: Brick, Slate, Metamorphosed shales, Engineering characteristics, Hamedan 

 
Introduction 

Brick is one of the most commonly used building 

materials in construction due to its stability 

against cold, heat, humidity, and aesthetic appeal. 

Its inherent properties have made it the most 

widely used material in the construction industry. 

The quality of bricks depends on the raw 

materials and the burning method employed. 

Raw materials for bricks can be obtained from 

clays, shale, and marl. Important minerals found 

in brick raw materials include kaolinite, illite, 

smectite, as well as lesser amounts of 

magnesium-aluminum chlorites, aluminum oxide 

and hydroxides, iron oxide and hydroxides, 

quartz, and organic materials. SiO2 and Al2O3 are 

the main components of raw materials, which are 

commonly found in clay minerals, quartz, and 

small grains of feldspar. Currently, the primary 

raw material for brick production is mostly 

obtained from the clay soils of alluvial plains. 

However, due to the economic importance of clay 

soils in agriculture and the lack of suitable clay 

soils in some areas, the use of alternative 

materials such as shale and marl found in 

geological Formations is being considered. 

Considering the increasing demand for 

construction and the significant outcrops of slate 

and metamorphosed shales in Hamedan 

province, this research proposes to investigate the 

feasibility of producing bricks from these 

sources. This study presents the findings of this 

investigation. 

 

Materials and Methods  

Selecting the Sampling Area: The outcrop and 

dispersion of slate and metamorphosed shales 

units in four geological map sheets of Kabudar 

Ahang, Razan, Hamedan, and Tuserkan were 

investigated with a scale of 1/100,000. After 

conducting field visits, five locations were 
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selected for sampling, and they were labeled as 

K-1, R-2, H-3, T-4, and T-5. 

Petrographic Studies: The mineralogical 

composition of the studied rocks was identified 

through X-ray diffraction (XRD) after preparing 

the samples. Additionally, the chemical 

composition of the samples was evaluated via 

ICP-OES analysis. 

Atterberg Limits Test: To determine the 

Atterberg limit, including the liquid limit and the 

plastic limit of the samples, they were prepared 

according to the ASTM D4318-84 standard. 

Then, the tests were conducted. 

Production of Bricks: The samples were 

crushed and sieved, and the soil that passed 

through sieve No. 40 was prepared. After mixing 

with water, mud was prepared. The prepared mud 

was then kneaded for at least 7 days and manually 

placed in a mold. After the samples were 

removed from the mold, they were placed 

outdoors for 7 days to decrease the water content 

significantly before being transferred to the brick 

kilns for firing. After production, physical, 

mechanical, and chemical tests were conducted 

on the brick samples. 

Brick Physical, Mechanical, and Chemical 

Tests: Physical characteristics, including 

porosity, dry density, saturated density, 

percentage of water absorption, and durability of 

bricks in freezing and thawing cycles, were 

evaluated in this research. Additionally, the 

uniaxial compressive strength of the bricks and 

the amount of water-soluble salts in the produced 

bricks were determined. 

 

Discussion and Conclusion 

The chemical composition of raw materials used 

in brick production is a crucial factor that needs 

to be studied. ICP-OES method is the most 

reliable method to determine the composition of 

raw materials. The characteristics of the clay soil 

should also conform to the national standard 

1162. 

Comparing the chemical analysis results of the 

studied samples with national standard 1162 

values revealed that all samples meet the standard 

and are suitable for brick production. The L.O.I 

values of the samples were found to be lower than 

the maximum limit (<16%). The high L.O.I 

values of samples R-2 and T-5 were due to their 

higher calcium carbonate content compared to 

other samples. 

The chemical analysis results indicated that SiO2 

and Al2O3 were the most abundant constituents of 

slate and metamorphosed me shales, 

respectively. The oxides values were also 

compatible with the mineralogical composition. 

For instance, the amount of Al2O3 and K2O was 

linked to the presence of minerals like muscovite 

and illite. The amount of Fe2O3 in the samples 

ranged from 4.79% to 7.12%, and it acted as a 

flux substance, providing a red color to the fired 

product. Other components such as CaO, MgO, 

MnO, and TiO2 can also significantly alter the 

color of fired clay. Samples R-2 and T-5 had a 

brighter color than other samples due to their 

higher CaO content. The darker color of the T-4 

brick sample was due to its higher iron, 

magnesium, and manganese oxide content 

compared to other samples. 

The XRD analysis of the sampled rocks indicates 

that clinochlorite and illite are the most abundant 

clay minerals in the slates of the study area. The 

Atterberg limits of the rocks show that the plastic 

limit value is consistent with the mineralogical 

composition and falls within the permissible 

range of the national standard 1162. 

The density results of the produced bricks reveal 

that the dry density of the samples ranges from 

1.6 to 1.80 g/cm3, and all samples have a lower 

density than regular bricks (1.84 g/cm3). This 

suggests that the slatey and shaley bricks are 

lightweight. 

In terms of water absorption characteristics, 

comparing the results with national standard 

No.7 demonstrates that the percentage of water 

absorption of K-1 and H-3 bricks meets the 

values recommended for facing bricks, while R-

2, T-4, and T-5 bricks show slightly higher values 

than the standard. 

The weight loss of the studied samples after 50 

cycles of freezing and thawing is within the 

permissible range for samples K-1, R-2, H-3, and 

T-5, while the weight loss percentage of sample 

T-4 is slightly higher than the standard limit. All 

the bricks made from slates and metamorphosed 

shales exhibit very good strength, with K-1 and 

T-5 bricks classified as second-grade engineering 

bricks with a strength higher than 250 Kg/cm2, 

and R-2, H-3, and T-4 bricks classified as grade 

1 facing bricks with a strength higher than 140 

Kg/Cm2. The minimum strength for load-bearing 

and non-load-bearing brickwork according to 

national standard No. 7 is 80 and 40 kg/cm2, 

respectively, indicating that all the produced 

bricks can be used for building purposes. 

The test results for determining the soluble salts 

in the produced brick samples show that they 

comply with the standard values set for facing 

bricks. 
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