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Abstract 

Purpose. This research aims to assess the characteristics of ceramics made from Lombok clay to optimize the quality of ce-

ramic products in the Lombok region and surrounding areas. 

Methods. Methods used to characterize Lombok clay include measuring its chemical composition, loss on ignition,  

plasticity level and conducting mineral analysis. Additionally, the influence of sintering temperature on clay properties  

and shrinkage is studied. 

Findings. The main mineral component of Lombok clay is kaolin, which has a high level of plasticity and a water absorp-

tion rate of 7 ± 0.6%. The ceramic body produced from this clay is classified as semi-porcelain, making it suitable for medium-

sized tableware manufactured using the rotating technique. 

Originality. This research highlights the effect of sintering temperature on the mineral transformation of Lombok clay and 

provides valuable information on its optimal applications. It fills a gap in the literature by providing comprehensive data on 

clay properties and optimal processing conditions that have previously been underexplored. 

Practical implications. Lombok clay is used predominantly by small-scale ceramic craftsmen in Lombok and Bali due to 

its relatively low market price. With the findings of this study, these craftsmen can enhance the quality of their products to 

semi-porcelain standards by adjusting the sintering temperature. 
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1. Introduction 

Clay has been a vital material in ceramic production since 

prehistoric times [1]. Ceramic products made from clay en-

compass a wide range of items used in various industries and 

everyday life. These products include tableware, sanitary 

ware, tiles, pottery, refractories, electrical ceramics, as well 

as art and sculpture [2]-[5]. Ceramics are preferred because 

they are highly durable and resistant to wear and tear. They 

can withstand high temperatures, which makes them suitable 

for ovens and kilns. Additionally, ceramics are excellent 

electrical insulators and can be treated for aesthetic appeal by 

applying glazes and decorative elements [6], [7]. 

In 2019, the United States recorded 26 million tons of 

clay use estimated at $1.8 billion [8]. The high demand for 

clay in industry necessitates increased use of local clay 

sources to reduce dependence on imports [9]. In Indonesia, 

clay production has increased significantly to meet industrial 

needs, with a 60.81% increase in 2021 compared to the pre-

vious year [10]. Increased production implies a greater need 

for mining clay deposits. Clay deposits used as raw materials 

in the ceramic industry can be divided into several catego-

ries [11]: kaolins, white-firing plastic clays (ball clays), me-

dium-low plasticity white-firing clays, red-firing plastic 

clays, and red-firing clays with carbonates. Kaolins, also 

known as China clay, is a specific type of clay mineral pri-

marily composed of kaolinite. Kaolins are characterized by 

white color, fine particle size, and high plasticity, making 

them highly desirable for producing high-quality ceramic 

products. White-firing plastic clays, or ball clays, are highly 

valued in the ceramics industry for unique properties. These 

clays are known for their plasticity, which allows them to be 

easily shaped and molded when wet, and their ability to be 

fired to a white or light color. Medium-low plasticity white-

firing clays are a type of clay which, as the name suggests, 

possesses moderate to low plasticity and is fired to a white or 

near-white color. Red-firing plastic clays are a type of clay 

that is highly plastic and fired to a red or reddish-brown 

color. Red-firing clays with carbonates are a type of clay that 

is fired to a red or reddish-brown color due to their iron oxide 

content with the addition of carbonate minerals such as cal-

cite or dolomite. These clays differ in their firing behavior, 

which is influenced by the presence of carbonates. 

Identifying areas for mining these clay deposits involves 

several stages [12]: selection of a prospecting area, explora-
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tion of potential mineral deposits (strategic prospecting), 

exploration and evaluation of mineral deposits (tactical pro-

specting), and final detailed exploration. Mining should be 

conducted in areas with clay suitable for the ceramic industry. 

Clay mining areas are at risk of environmental damage [13]-

[15], such as deforestation and CO2 emissions [16]. One 

effective method to address this is optimizing the use of clay 

from nearby areas (local clay) that have already been estab-

lished effective as sources for the ceramic industry [9]. 

Small and medium industries near the clay sources tend 

to use local clay, because it reduces ceramic production 

costs. However, local clay use only undergoes strict quality 

control, leading to fluctuations in clay body quality. There 

are three basics of conventional clay body types [17]: porce-

lain, stoneware and earthenware. The main differences are in 

their firing temperatures, water absorption rates, strength, 

translucency, color, and application. Porcelain has the high-

est firing temperature range of 2400°F (1315°C) to 2600°F 

(1427°C) and the lowest water absorption rate (0-1%). It is 

also possible to make a clay body from a combination of clay 

and other materials, such as feldspar and quartz. To combine 

other material, the local clay needs to be characterized first. 

Clay characterization determines which ceramic products the 

clay is suitable for [1], [9], [18]-[21]. 

Essential characterizations include chemical composition, 

plasticity limit, shrinkage, water absorption, mineral content, 

and strength [18]-[21]. The chemical composition of clay 

analyzes the elemental and oxide composition of clay to 

understand its suitability for different ceramic products. The 

clay plasticity limit test measures the moisture content at 

which the clay begins to behave plastically, indicating its 

workability. Shrinkage characterizes the size reduction during 

drying and firing, which is crucial for dimensional accuracy of 

ceramic products. Water absorption determines the porosity of 

the sintered clay, affecting its strength and durability. Mineral 

content identifies the mineralogical composition to predict the 

clay behavior during processing and sintering. Strength 

assesses the fired clay mechanical properties to ensure that it 

meets the required standards for its intended use. 

The general values for these characterizations vary de-

pending on the clay type and its intended application. Typi-

cally, high-quality ceramic clays exhibit low impurity con-

tent, high plasticity, controlled shrinkage rates, moderate to 

low water absorption, and sufficient strength to withstand of 

use. By doing that, the optimization of local clay for the 

ceramic body can be achieved. 

Indonesia has several regions with potential local clay, 

including Kalimantan [22], Yogyakarta [23], East Nusa Ten-

ggara [24], and Bali [25], [26]. West Kalimantan Province 

has clay types such as kaolin and ball clays suitable for sani-

tary ware, tableware, and ceramic tiles. Ball clay from Kali-

mantan has a plasticity index above 25. The Kaolin deposits 

in West Kalimantan are reported to have a chemical compo-

sition of SiO2 57.40%, Al2O3 27.46%, and Fe2O3 0.65%. The 

Kasongan area in Yogyakarta Province has red clay for pot-

tery, as does the Buleleng area in Bali Province. The red clay 

from Buleleng is reported to have chemical composition of 

SiO2 49.238%, Al2O3 21.065%, and Fe2O3 21.941%. One 

area that has not been well explored in previous studies is 

Lombok. In 2014, West Lombok was estimated to have clay 

reserves of 417.567 m³ [27]. Previous research in Plambik 

village, Central Lombok, indicated kaolinite clay suitable for 

porcelain ceramic products [25]. Another area in Lombok, 

Mareje Village, has potential for clay suitable for the ceramic 

industry. However, no studies have been conducted regarding 

the characteristics of clay from Mareje village. This research 

aims to characterize and assess the effect of the sintering tem-

perature of clay from Mareje village, West Lombok, to deter-

mine its suitability for use in the ceramic industry. 

2. Methods 

The material used in this research is one type of clay. 

This clay comes from the Mereje village area, Southwest 

Praya, Central Lombok Regency, West Nusa Tenggara. The 

clay is obtained by a simple process, namely settling and 

filtering. The filtered clay is then used in this characterization 

without adding other materials. 

2.1. Characteristics of Lombok clay 

The clay characterization included chemical analysis, loss 

of ignition, plasticity, mineral analysis, and morphological 

analysis. Chemical analysis of Lombok clay was carried out to 

determine the clay oxide content. The chemical composition of 

Lombok clay was analyzed using X-Ray Fluorescence Brand 

Panalytical Epsilon 3 XLE. Loss of ignition measurements are 

carried out according to ASTM C311 standards [28], [29]. The 

clay plasticity is measured to determine the clay plasticity 

level. The method used is the Atterberg method [30]. Analysis 

of Lombok clay minerals was carried out before and after 

sintering. Measurements were made using the X-Ray Powder 

Diffraction Panalytical. This mineral analysis is complemented 

by morphological analysis of ceramics using Field Emission 

Scanning Electron Microscopy (FESEM) with Energy 

Dispersive X-Ray Spectroscopy (EDS) ThermoScientic 

Quatro S to strengthen the analysis of the effect of sintering on 

the characteristics of Lombok clay ceramics. 

2.2. Testing the properties of Lombok ceramics 

Testing the characteristics of Lombok clay ceramics us-

ing rectangular test ceramic specimens with dimensions of 

100×15×10 mm [30]. Measured ceramic characteristics in-

clude shrinkage, water absorption, and compressive strength. 

Linear shrinkage is measured according to ASTM C326-09 

standards and calculated using Equation (1): 
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where: 

DSlc – the Lombok clay drying shrinkage (%); 

Ltc0 – the initial length of test ceramics specimens (mm); 

Ltc1 – the length of test ceramics after drying (mm). 

Lombok clay water absorption was measured using 10 

test ceramic specimens according to ASTM C20-00 (2010) 

standards. Water absorption is calculated using Equation (2): 
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where: 

WAlc – the Lombok clay water absorption (%); 

mtc0 – the drying mass of test ceramics specimens (g); 

mtc1 – the saturated mass of test ceramics specimens (g). 

Flexural strength was measured before and after sintering 

test ceramics specimens to determine the mechanical strength 

using the three-point loading method [31]. 



I.P.A. Kristyawan et al. (2024). Mining of Mineral Deposits, 18(3), 18-24 

 

20 

For this research, a prototype of the ceramic product from 

Lombok clay was made to see its simplicity of use. The 

prototype of tableware products was made from cups using 

the manual shaping method (by hand). The prototype was 

dried for 4 days and sintered in a gas furnace to 900°C for 

6 hours. After the first sintering, it is given colors and then 

sintered at 1185°C for 6 hours. 

3. Results and discussion 

3.1. Lombok clay chemical composition 

The Lombok clay chemical analysis result is shown in 

Table 1. The two main compounds of this clay are Al2O3 and 

SiO2, with their values 31.658 and 54.61% respectively. The 

other noticeable compounds are Fe2O3, ZnO, K2O and TiO2. 

The Al2O3 level in Lombok clay is higher compared to 

several areas in Indonesia [22]-[26]. Al2O3 plays an essential 

role in the structure of clay bodies, and the higher its content, 

the higher the strength and toughness of the product [32]. 

The SiO2 content in Lombok clay reaches 54.61%, which is 

also higher compared to several other areas in Indonesia, such 

as Yogyakarta [23], Nusa Tenggara Timur [24] and Bali [25], 

[26]. The SiO2 content in clay affects the melting tempera-

ture and tends to increase it [33]. Meanwhile, the Fe2O3 con-

tent, compared to Kalimantan clay [34], is higher, about 

4.91%, which has an impact on the ceramic body color [30]. 

 
Table 1. Lombok clay chemical composition 

Compound Concentration (%) 

Al2O3 31.658 

SiO2 54.610 

P2O5 0.713 

K2O 1.658 

CaO 1.223 

TiO2 1.252 

Fe2O3 5.545 

ZnO 2.688 

ZrO2 0.120 

PbO 0.084 

3.2. Lombok clay minerals and the effect 

of its sintering temperature 

The Lombok clay mineralogical analysis and the 

influence of its sintering temperature are shown in Figure 1. 

Before sintering, clay contains minerals such as muscovite, 

quartz, kaolin and anatase. Quartz is shown as the dominant 

mineral in Lombok clay, which is similar to other clays [25], 

[26], [35]. The presence of muscovite can increase the plasticity 

and workability of clay [36]. Meanwhile, the presence of kaolin 

and anatase can increase the clay opacity and whiteness [37], 

making it more suitable for use in ceramics and pottery. 

Clay sintering at 900°C shows that the mineral 

composition has not changed much compared to the period 

before sintering, which can still be found in minerals such as 

quartz, kaolin and anatase. Anatase is a metastable phase of 

titanium dioxide that can transform into rutile at higher 

temperatures. The presence of anatase in calcined Lombok 

clay is shown before sintering and at 900°C. The presence of 

anastase and rutile could be beneficial to the electrical 

ceramic characteristics [38]. After sintering at 1150°C, it 

shows the formation of mullite, rutile, cristobalite and quartz 

compounds. These minerals become increasingly evident 

when the clay is sintered at 1250°C.  

 

Figure 1. Lombok clay mineralogical analysis and the influence of its 

sintering temperature (Ms – muskovit; Q – quartz, K – kao-

lin, A – anatase, M – mullite, R – rutile, C – cristobalite) 

 

Mullite is a common mineral in ceramic bodies, and its 

formation can affect mechanical strength, hardness, and 

toughness of ceramics [39]. Cristobalite is a high-temperature 

polymorph of silica that can be formed during sintering. When 

sintering Lombok clay it appears after 1150°C. The presence 

of cristobalite reduces the thermal ceramic expansion [40]. 

The FESEM image test results using the element data are 

shown in Figure 2. The results show that the higher the sin-

tering temperature, the more the clay melts. It also shows 

Si/Al ratio increment from 1.62 before sintering to 2.70 after 

sintering at 1250°C. The increment of Si/Al ratio will affect 

the ceramic strength [41], which also confirms the presence 

of mullite in the Lombok clay sintering process [42]. The 

physical mass of stoneware ceramics generally contains a 

limited amount of silica, less than 20%. Its high content will 

make it easy for the greenware to retain its shape after dry-

ing. Apart from that, the ceramic body will be tough because 

the silica forms mullite minerals when it reacts with alumina 

that comes from kaolin. However, excess silica reduces the 

clay body plasticity level and causes a very high temperature 

of the ceramic body sintering [34]. 

3.3. Characteristics of Lombok clay ceramics 

The results of plasticity measurements using the 

Atterberg method can be seen in Table 2. The plasticity 

index shows a value of 58.05%, and the liquid limit is 

85.69%. This clay is classified as an inorganic clay category 

of high plasticity based on Casagrande plasticity chart [43]. 

Plasticity is crucial in processing clay-based materials, as it 

determines the pressure to shape a ceramic material into a 

specific form. In the context of clay minerals, plasticity 

refers to the ability of a material to be deformed repeatedly 

without breaking and to retain its shape after the applied 

force is removed. A clay-water system with high plasticity 

requires more force to deform and can deform more intensely 

without cracking. In contrast, a system with low plasticity 

deforms faster and breaks faster [44]. For application, the 

high plasticity clay can also be combined with less plastic 

clay to form a mixture with lower water content but remain 

plastic [45]. Plasticity is also an essential factor in reducing 

cost and environmental impact of ceramic production [46]. 

The Lombok clay ceramic characteristics are shown in Ta-

ble 3. Based on water absorption, Lombok clay can be poten-

tially used as a semi-porcelain type ceramic body where water 

absorption is in the range of 0.5-10% [47]. Semi-porcelain 

bodies are widely used for tableware and tile products [48]. 
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Figure 2. FESEM EDS test results: (a) before sintering; (b) sintering at 900°C; (c) sintering at 1150°C; (d) sintering at 1250°C 

 
Table 2. Lombok clay plasticity value 

Properties Value (wt%) 

Liquid Limit 85.69 

Plastic Limit 27.64 

Plasticity Index 58.05 

 
Table 3. Lombok clay ceramic characteristics 

Properties Value Unit 

Dry shrinkage 20 ± 1.2 % 

Firing shrinkage 16 ± 0.7 % 

Total shrinkage 20 ± 0.7 % 

Water absorption 7 ± 0.6 % 

Compressive Strength 24.09 ± 5.86 N/mm2 

Modulus of rupture 232.59 ± 43.70 N/mm2 

 

The Indonesian ceramic industry also uses semi-porcelain 

bodies [49], which means that this clay can be commercia-

lized. Then, the result of making tableware products using this 

clay was a cup. The cup is 9.44 cm in diameter and 7.74 cm 

high. The cup is made using the rotating technique, and the 

cup handle in particular is made using a sticking technique. 

The handle is made separately and then attached to the cup 

body. The product is then given black and white colors. Dur-

ing processing, a high shrinkage value affects the final result, 

where the cup lip appears curved and therefore asymmetrical. 

3.4. Discussion and future perspectives 

The discussion revolves around the characterization of 

Lombok clay, which has been found to have a high level of 

plasticity and a semi-porcelain nature.  
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The chemical composition, physical properties, and mi-

neralogical content of the clay have been analyzed, revealing 

its potential for use in medium-sized tableware production 

using the rotating technique. However, further development 

is needed to reduce shrinkage. Reduction of shrinkage in 

tableware products made from Lombok clay or any other 

ceramic material can be achieved by several methods. 

Clay body is usually made by combining several pieces of 

clay or material. Adjusting the proportion of clay, feldspar, 

quartz, and other minerals can help reduce shrinkage. For 

example, adding feldspar can reduce shrinkage by increasing 

the glass phase formation during firing [50]. Adding additives 

such as silica, alumina, or zirconia can help reduce shrinkage 

by increasing the material strength and reducing its thermal 

expansion [51]. Combination with other clays with lower 

shrinkage rates, such as porcelain or bone China, can help 

reduce shrinkage in tableware products [52]. Selecting a glaze 

with a lower thermal expansion coefficient can help reduce 

shrinkage and improve the product overall durability [53]. 

Molding greenware using pressing or extrusion tech-

niques can help reduce shrinkage by applying uniform pres-

sure and minimizing the formation of defects [54]. Designing 

molds with a tapered shape or using a non-stick coating can 

help reduce shrinkage by minimizing friction between the 

clay body and the mold [55]. Applying lubricants such as 

wax or oil to the mold or die can help reduce friction and 

minimize shrinkage during ejection [56]. 

Optimization of drying and sintering technique for the 

Lombok clay body. Controlling the moisture content in the 

clay body during processing can help minimize shrinkage. 

This can be achieved by adjusting the humidity, temperature, 

and drying time. Slow and gradual clay drying can help re-

duce shrinkage, minimizing the formation of cracks and 

defects [57]. Pre-sintering the clay body at a lower tempera-

ture can help reduce shrinkage by burning off organic mate-

rials and reducing the material sensitivity to thermal 

shock [58]. Optimizing the firing schedule, including tem-

perature, soaking time, and cooling rate, can help reduce 

shrinkage. For example, a slower cooling rate can help re-

duce thermal shock and shrinkage [59]. Applying post-firing 

treatments such as annealing or tempering can help reduce 

shrinkage and improve the material strength and durabi-

lity [60]. By implementing these methods, manufacturers can 

reduce shrinkage in tableware products made from Lombok 

clay or other ceramic materials, resulting in higher quality 

and more consistent products. 

The future prospects of this research is in potential applica-

tions of Lombok clay in the ceramics industry. With further 

refinement and development, this clay can be used to produce 

high-quality tableware and other ceramic products. Additional-

ly, the research could lead to the discovery of new uses for 

Lombok clay, such as the production of refractory materials, 

paper, or other industrial applications. The research findings 

could also contribute to the development of more sustainable 

and environmentally friendly ceramic production methods. 

4. Conclusions 

The chemical composition of Lombok clay, primarily 

consisting of 31.658% Al2O3 and 54.61% SiO2, indicates its 

potential for producing robust and high-temperature resistant 

ceramic products. The significant Fe2O3 content (5.545%) 

also influences the color of the final ceramic product. 

Mineralogical analysis shows that Lombok clay before 

sintering contains muscovite, quartz, kaolin, and anatase, 

with quartz as the dominant mineral. These minerals improve 

the plasticity, workability, opacity, and whiteness of clay, 

making it suitable for use in ceramics and pottery. Sintering 

at different temperatures reveals changes in mineral 

composition, forming mullite, rutile, and cristobalite at 

higher temperatures (1150 and 1250°C). These minerals 

enhance the  mechanical strength, hardness, toughness, and 

thermal expansion properties of ceramics. 

Lombok clay demonstrates high plasticity, with a plasticity 

index of 58.05% and a liquid limit of 85.69%, categorizing it 

as highly plastic inorganic clay. This high plasticity is 

advantageous in the production of ceramics, allowing 

extensive deformation without cracking. The potential of 

Lombok clay for semi-porcelain ceramic bodies is highlighted 

by its water absorption rate of 7 ± 0.6%, aligning with the 

standards for tableware and tile products. However, high 

shrinkage values (total shrinkage 20 ± 0.7%) pose challenges 

in maintaining the shape and symmetry of the final products. 

The shrinkage problem can be addressed by several methods, 

including adjusting the clay body composition with feldspar, 

silica, alumina, or zirconia and optimizing the molding and 

firing techniques. These adjustments can help reduce 

shrinkage, improve material strength, and enhance the 

overall quality and durability of the ceramic products. 

Future research should focus on improving Lombok 

clay to minimize shrinkage and explore its applications in 

the production of high-quality tableware, refractory 

materials, paper, and other industrial products. The research 

findings also contribute to the development of more 

sustainable and environmentally friendly ceramic 

production methods, opening new opportunities for the 

commercial use of Lombok clay. 
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Характеристика та оцінка керамічних властивостей глини з острова Ломбокс 

І.П.А. Крістьяван, А.А.Р.І. Вардана, І.Г.А. Сурадхарміка, А. Сіагян, 

М.А. Пуспадеві, Н.П. Муліаваті, К.Н. Сундарі, Т. Нугрохо 

Мета. Оцінка характеристик і властивостей кераміки, виготовленої з глини острова Ломбок, для оптимізації якості керамічних 

виробів у регіоні Ломбок та прилеглих районах. 

Методика. Методи, що використовуються для характеристики ломбокської глини, включають вимірювання її хімічного складу, 

втрат при прожарюванні, рівня пластичності та проведення аналізу мінералів. Крім того, вивчається вплив температури спікання на 

властивості глини та її усадку. 

Результати. Визначено хімічний склад ломбокської глини, який вказує на її значний потенціал для виробництва міцних і стій-

ких до високих температур керамічних виробів. Встановлено, що основним мінеральним компонентом глини з острова Ломбок є 

каолін, який володіє високим рівнем пластичності та водопоглинання 7 ± 0.6%. Виявлено зміни в мінеральному складі при спіканні 

глини в умовах різних температур, внаслідок чого утворюються муліт, рутил і кристобаліт при більш високих температурах (1150 і 

1250°C), що підвищує механічну міцність, твердість, ударну в’язкість і властивості кераміки в результаті температурного розши-

рення. Керамічний корпус, виготовлений з цієї глини, класифікується як напівпорцеляновий, що робить його придатним для виро-

бництва посуду середнього розміру, створеного за допомогою техніки обертання. Запропоновано рекомендації для мінімізації 

величини усадки керамічних виробів. 

Наукова новизна. У цьому дослідженні наголошується на впливі температури спікання на мінеральне перетворення ломбоксь-

кої глини та надається цінна інформація щодо її оптимального застосування. Дослідження заповнює прогалину в існуючих на сьо-

годні літературних джерелах, надаючи вичерпні дані щодо властивостей глини та оптимальних умов обробки, які раніше були 

недостатньо вивчені. 

Практична значимість. Ломбокська глина використовується, переважно, дрібними майстрами керамічної галузі Ломбока та 

Балі через її відносно низьку ринкову ціну. Використовуючи результати цього дослідження, майстри можуть покращити якість 

своїх виробів до стандартів напівпорцеляни, регулюючи температуру спікання. 

Ключові слова: ломбокська глина, характеристика кераміки, напівпорцеляна, температура спікання, властивості кераміки 
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