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Abstract  The Indonesian nickel mining industry is 

currently experiencing very significant development due to 

increasing global demand. This condition was responded to 

by Indonesia as a country with large nickel reserves to 

continue to intensify nickel downstreaming, with the hope 

that Indonesia would become not only the largest nickel 

commodity producer in the world but also a producer of 

processed nickel products. On the other hand, the 

increasing activity of the nickel ore processing industry and 

the production of nickel products, such as massive nickel 

mining activities, can also pose threats and negative 

consequences for the community and the environment in 

the mining area and its surroundings. In nickel mining, 

especially in the smelting nickel ore process, sulfuric acid 

is used through hydrometallurgical processes, forming 

Carbon-Sulfur as one of the wastes produced. Carbon-

Sulfur waste, which contains 88% Sulfur, 11% CaO, and 

1% Fe and Mn, is a mineral source that has the potential to 

be recycled or reprocessed, one of which is by making 

Carbon-Sulfur an admixture for civil engineering purposes 

such as concrete products. This research aims to determine 

whether Carbon-Sulfur waste from nickel mining can be 

reused and to test the effect of adding Carbon-Sulfur as an 

admixture in concrete products on improving the quality of 

the concrete. The results show that Carbon-Sulfur waste 

material has been tested as non-B3 waste so that it can be 

reused. Then, the compressive strength test results show 

that Carbon-Sulfur waste has the potential to increase the 

most optimal concrete compressive strength with an 

admixture composition of 2% and a curing period of 14, 28, 

or 90 days. 

Keywords  Admixture, Carbon-Sulfur, Concrete, 

Strength, Waste 

1. Introduction

The Indonesian nickel mining industry is experiencing 
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significant development due to market demand and 

tremendous investment value, as well as social and 

technological developments of the community that uses 

nickel (Ni) as the primary raw material for battery 

production (Ion-Lithium), which supports environmentally 

friendly transportation. Nickel is one of the minerals 

currently in demand by many parties, especially now that 

nickel is an important material in promoting green energy 

as a component of electric vehicle production. The 

International Energy Agency (IEA) predicts that demand 

for nickel use will increase from 2.5 million tons in 2023 to 

2.9 million tons by 2040 [1]. Nickel then became a strategic 

commodity in the global market, which also caused an 

increase in global nickel demand, which was predicted to 

be up to 2050 [1,2]. The increase in global nickel demand 

was responded to quickly by Indonesia as a country with 

nickel reserves of 23% of the world's nickel reserves, where 

Indonesia became the country with the largest nickel 

reserves and producer in the world [3,4]. Even in 2023, 

Indonesian nickel producers met the global nickel 

consumption of 50%, making them a major player in the 

global market [5]. 

This condition of increasing demand for nickel has 

encouraged the Indonesian Government to continue to 

intensify nickel downstreaming, among others, by 

imposing a ban on nickel ore exports since January 2020 

through the Regulation of the Minister of Energy and 

Mineral Resources of the Republic of Indonesia Number 

11 of 2019 concerning Mineral and Coal Mining Business 

[6]. Indonesian Government also provides various fiscal 

facilities in the form of import duty facilities, tax 

allowances, tax holidays, regional incentives, ease of 

access, and infrastructure, so it is hoped that Indonesia will 

not only become the largest nickel commodity producer in 

the world but also become a producer of processed nickel 

products. The industrial processing of nickel ore and the 

production of nickel products can lead to additional 

exposure to humans and the environment, which can have 

negative consequences for both people and the 

environment [7-9]. The increasingly massive nickel mining 

activities will also threaten environmental damage in the 

mining area and its surroundings, which can be caused by 

the less-than-optimal management of nickel production 

upstream and downstream and the lack of attention to the 

impact of the damage caused. There are several 

environmental damages caused by nickel mining activities, 

such as deforestation [4], land use and land cover changes 

[10], waste materials and pollution [4,11,12], and even 

social impacts such as the emergence of social conflict [13] 

to worsen living conditions of the community living near 

the mining location [4]. 

In the nickel mining process, especially in nickel ore 

smelting, sulfuric acid is used through hydrometallurgical 

processes [12,14,15]. Using sulfur in the nickel processing 

process forms Carbon-Sulfur as one of the wastes produced. 

There are two pathways or processes for the formation of 

Carbon-Sulfur in nickel processing; the first is Carbon-

Sulfur Settler, where the formation process is when the 

sulfur powder is melted until it turns into liquid and then 

crosses to the settling section (settler), after a few months 

the settler will be replaced, so that the remaining sulfur that 

freezes in the settler is what forms Carbon-Sulfur. Second 

is Carbon-Sulfur Filtration, where the formation occurs 

when the sulfur powder is melted until it turns into liquid 

and then pumped to the filter press to separate the liquid 

sulfur and impurities, which are Carbon-Sulfur. 

Carbon-Sulfur waste containing 88% Sulfur, 11% CaO, 

and 1% Fe and Mn is a source of minerals that have the 

potential to be recycled or reprocessed, one of which is by 

making Carbon-Sulfur as an admixture for civil 

engineering purposes such as concrete products. 

Admixtures used in concrete are defined as materials other 

than water, aggregates, and hydraulic cement that are 

mixed into concrete or mortar before casting or mixing the 

concrete mixture so that the admixture can improve the 

performance of the concrete mixture. 

There have been various previous studies related to the 

addition of a material to make stronger concrete products, 

such as crystalline [16-18], micro silica and super 

plasticizing [19], electrical waste fibres [20,21], nano silica 

and zeolites [21-23], even from natural materials like 

Arabic gum [24-26], coffee husk ash [27,28], and pineapple 

fibre [27]. Research exploring the use of Carbon-Sulfur 

industrial waste as an admixture in concrete was still 

limited. However, this research does not focus on how to 

find/explore admixture materials that can improve the 

quality of concrete. Instead, it focuses more on aspects 

related to how Carbon-Sulfur as one of the nickel mining 

wastes can be reused, where one way is to utilize the 

Carbon-Sulfur waste as an admixture in making concrete 

products. Thus, this research aims to determine whether 

Carbon-Sulfur waste from nickel mining can be reused and 

to test the effect of adding Carbon-Sulfur as an admixture 

in concrete products on improving the quality of the 

concrete. 

2. Materials and Methods 

2.1. Materials 

This study was conducted using primary data from solid 

waste material Carbon-Sulfur. The object of research that 

became the test object in this study was concrete with 

various formulations of Carbon-Sulfur material additives. 

The type of solid waste material, Carbon-Sulfur, was 

obtained from sampling at the solid waste disposal site of 

the nickel mining company PT. Vale Indonesia located in 

Luwu Timur Regency, Sulawesi Tengah Province, 

Indonesia (see Figure 1). The concrete compressive 

strength experiment was analysed using a concrete 

compression tester (Compression Testing Machine) at the 
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PT. WIKA Pratama Learning Center testing laboratory is 

located in Jakarta Timur City, DKI Jakarta Province, 

Indonesia. 

 

Figure 1.  Location of Carbon-Sulfur waste placement at PT. Vale 

Indonesia 

2.2. Procedures 

2.2.1. Preparation of Carbon-Sulfur Waste Samples 

Carbon-Sulfur waste samples obtained from PT. Vale 

Indonesia's temporary waste storage location (see Figure 2) 

was then subjected to preliminary treatment (preparation) 

before their characteristics could be analyzed, namely the 

aggregation process (see Figure 3). This preliminary 

treatment is needed so that the aggregate or waste particles' 

size follows what is required for the 

solidification/stabilization formulation experiment and the 

concrete filler formulation trial. In addition, preliminary 

treatment is also needed to prepare homogeneous samples 

before being sent to the testing laboratory to determine their 

characteristics. 

 

Figure 2.  Carbon-Sulfur Waste Sampling Process at PT. Vale Indonesia 

 

Figure 3.  Carbon-Sulfur Waste Aggregation Process 

2.2.2. Testing of Carbon-Sulfur Waste as non-B3 Waste 

Carbon-Sulfur waste samples must be tested first to 

ensure that the samples used have been tested as non-B3 

waste. The test was analyzed using the Toxicity 

Characteristic Leaching Procedure (TCLP) and Loss of 

Ignition (LoI) methods to determine that the sample is non-

B3 waste based on the Regulation of the Minister of 

Environment and Forestry of the Republic of Indonesia 

Number 6 of 2021 concerning Procedures and 

Requirements for the Management of Hazardous and Toxic 

Waste [29]. 

2.2.3. Preparation of Test Objects and Formulation 

The test object is concrete made in the laboratory using 

a cylinder with a diameter of 15 cm and a height of 30 cm. 

Concrete is made with a total of 60 samples based on 

variations in the age of the concrete curing period and 

variations in the formulation of the addition of Carbon-

Sulfur waste. Curing or concrete maintenance is carried out 

when the concrete has begun to harden, which aims to keep 

the concrete from losing water quickly and maintain the 

humidity/temperature of the concrete so that the concrete 

can achieve the desired concrete quality. The concrete 

implementation of various formulations of Carbon-Sulfur 

addition is carried out in PT. WIKA Pratama Learning 

Center's laboratory. 
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2.2.4. Compressive Strength Testing of Test Specimens in 

Various Formulations 

Test objects in the form of concrete in various 

formulations were subjected to compressive strength 

analysis or testing. Compressive strength is the ability of 

concrete to receive a unit compressive force of area. The 

magnitude of compressive strength can be calculated by 

dividing the maximum load when the test object is 

destroyed by the cross-sectional area of the test object, 

referring to the Indonesian National Standard 03-1974-

2011 [30]. Compressive strength testing is intended to 

determine the compressive strength of concrete with 

cylindrical test objects made and cured in the laboratory 

[31]. The concept used in this study, in general, is the job 

mix design of concrete as further processing of 

cement/concrete manufacturing to compare the 

compressive strength of normal concrete (hereinafter 

referred to as F'c 25 concrete) as a control with concrete 

that will be added with solid waste material Carbon-Sulfur 

(hereinafter referred to as Carbon-Sulfur concrete) using a 

compression testing machine. 

3. Results and Discussion 

3.1. Testing of Carbon-Sulfur Waste as non-B3 Waste 

The results of the Carbon-Sulfur sample tests as non-B3 

waste were analyzed by determining the Total 

Concentration (TC) and TCLP values presented following 

Government Regulation of the Republic of Indonesia 

Number 22 of 2021 [32] and Regulation of the Minister of 

Environment and Forestry of the Republic of Indonesia 

Number 6 of 2021 concerning Procedures and 

Requirements for the Management of Hazardous and Toxic 

Waste [29] (see Table 1). Most parameters presented in 

Table 1 refer to the quality standards contained in 

Appendix XIII of Government Regulation of the Republic 

of Indonesia Number 22 of 2021 concerning the 

Implementation of Environmental Protection and 

Management [32]. 

Table 1.  Carbon-Sulfur Characteristic Data Results 

Parameter Carbon-Sulfur TCLP Quality Standards (mg/L) TC Quality Standards (mg/kg) 

 TCLP (mg/L) TC (mg/kg) A B C A B C 

Inorganic 

Antimoni, Sb <0,20 <2,00 6 1 0,4 300 75 3 

Arsen, As <0,02 <1,00 3 0,5 0,2 2000 500 20 

Barium, Ba <0,50 <5,00 210 35 14 25000 6250 160 

Berillium, Be <0,02 <1,00 4 0,5 0,2 4000 100 1,1 

Boron, B 0,22 <5,00 150 25 10 60000 15000 36 

Kadmium, Cd <0,02 <1,00 0,9 0,15 0,06 400 100 3 

Krom valensi enam, Cr6+ 0,089 <0,40 15 2,5 1 2000 500 1 

Tembaga, Cu <0,02 3,37 60 10 4 3000 750 30 

Timbal, Pb <0,02 <1,00 3 0,5 0,2 6000 1500 300 

Merkuri, Hg <0,00005 0,05 0,3 0,05 0,02 300 75 0,3 

Molibdenum, Mo <0,02 3,29 21 3,5 1,4 4000 1000 40 

Nikel, Ni 0,46 40,9 21 3,5 1,4 12000 3000 60 

Selenium, Se <0,20 <1,00 3 0,5 0,2 200 50 10 

Perak, Ag <0,02 <1,00 40 5 2 720 180 10 

Tributiltin Oksida - - 0,4 0,05 0,02 10 2,5 R 

Seng, Zn 3,93 62,0 300 50 20 15000 3750 120 

Organic 

Benzena <0,005 <0,5 3 0,5 0,2 16 4 1 

Benzo(a)pirena <0,00005 <0,5 0,004 0,0005 0,0002 20 5 0,6 

Karbon Tetraklorida <0,005 <0,5 1,2 0,2 0,08 48 12 2,5 

Klorobenzena <0,005 <0,5 120 15 6 4800 1200 620 

Kloroform <0,020 <2,0 24 3 1,2 960 240 R 
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Table 1 continued 

2-klorofenol <0,005 <0,5 120 5 2 4800 1200 140 

Kresol (total) <0,010 <0,5 800 100 40 32000 8000 R 

Di (2-etilheksil) ftalat (DEHP) <0,050 <0,5 2,4 0,4 0,16 160 40 5 

1,2-Diklorobenzena <0,005 <0,5 300 50 20 24000 6000 R 

1,4-Diklorobenzena <0,005 <0,5 90 15 6 640 160 R 

1,2-Dikloroetana <0,005 <0,5 15 2,5 1 48 12 R 

1,1-Dikloroetena <0,005 <0,5 12 3 1,5 480 120 R 

1,2-Dikloroetena <0,005 <0,5 15 2,5 1 960 240 R 

Diklorometana (Metilen klorida) <0,005 <0,5 6 1 0,4 64 16 R 

2,4-Diklorofenol <0,005 <0,5 80 10 4 3200 800 R 

2,4-Dinitrotoluena <0,010 <1,0 0,52 0,065 0,026 21 5,2 R 

Etilbenzena <0,005 <0,5 90 15 6 4800 1200 R 

Ethylendiamintetracetic Acid 

(EDTA) 
<5 <25 180 30 12 4000 1000 R 

Formaldehida 2,5 28 200 25 10 8000 2000 R 

Heksaklorobutadiena <0,005 <0,5 0,18 0,03 0,012 11 2,8 R 

2-Butanon (Metil etil keton) <0,050 <5,0 800 100 40 32000 8000 R 

Nitrobenzena <0,005 <0,5 8 1 0,4 320 80 R 

Stirena <0,005 <0,5 6 1 0,4 480 120 R 

1,1,1,2-Tetrakloroetana <0,005 <0,5 40 4 0,16 1600 400 R 

1,1,2,2-Tetrakloroetana <0,005 <0,5 5,2 0,65 0,26 210 52 R 

Tetrakloroetena <0,005 <0,5 20 2,5 1 800 200 R 

Toluena <0,005 <0,5 210 35 14 12800 3200 R 

Triklorobenzena (Total) <0,005 <0,5 12 1,5 0,6 480 120 R 

1,1,1-Trikloroetana <0,005 <0,5 120 15 6 4800 1200 R 

1,1,2-Trikloroetana <0,005 <0,5 4,8 0,6 0,24 190 48 R 

Trikloroetena <0,005 <0,5 2 0,25 0,1 80 20 R 

2,4,5-Triklorofenol <0,005 <0,5 1600 200 80 64000 16000 R 

2,4,6-Triklorofenol <0,005 <0,5 8 1 0,4 320 80 R 

Vinil klorida <0,005 <1,0 0,12 0,015 0,006 4,8 1,2 R 

Xilena (Total) <0,010 <1,0 150 25 10 9600 2400 R 

Pesticide 

Aldrin and Dieldrin <0,0005 <0,5 0,009 0,0015 0,0006 4,8 1,2 R 

DDD/DDE/DDT <0,005 <1,0 0,3 0,05 0,02 50 50 R 

2,4-D <0,010 <1,0 9 1,5 0,6 480 120 R 

Klordana <0,005 <0,5 0,06 0,01 0,004 16 4 R 

Lindana <0,005 <0,5 0,6 0,1 0,006 48 12 R 

Metoksiklor <0,005 <0,5 6 1 0,04 480 120 R 

Pentaklorofenol <0,005 <1,0 2,7 0,45 0,18 120 30 R 

Notes: 

R   = Contaminant concentrations based on local soil references or soil quality standards as indicated 

-    = no testing done 
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The laboratory test results in Table 1 show that the TCLP 

and TC values of Carbon-Sulfur waste do not exceed the 

Category B threshold according to Government Regulation 

of the Republic of Indonesia Number 22 of 2021 [32] (see 

Table 1). Based on the results of the LoI analysis (see 

Figure 4), the calculation of the LoI value for Carbon-

Sulfur waste is affected by the stage at which sulfur 

evaporation occurs from the waste matrix, if this stage is 

not taken into account, the result is less than 10%. Based 

on the results of the TCLP and LoI values, Carbon-Sulfur 

waste has been tested as Non-B3 waste that has the 

potential to be utilized or reprocessed so that further 

analysis can be carried out in the utilization of Carbon-

Sulfur as an admixture in concrete products. 

3.2. Carbon-Sulfur Concrete Sample Preparation 

This study uses Carbon-Sulfur waste as a substitute for 

fine aggregates in concrete. Table 2 shows the Carbon-

Sulfur mix design plan, where the concrete mix design plan 

regulates the composition and proportion of concrete 

ingredients. Concrete mix planning is carried out to 

produce concrete quality according to plan. In this study, 

concrete mix planning (mix design) uses the method or 

standard in the Indonesian National Standard 03-2834-

2000 [33]. The percentages of the mixture formulation vary 

by 2%, 4%, and 6%, respectively. This proportion pertains 

to the quantity of specimens transferred from PT. Vale 

Indonesia, which is 425 kg, and a Carbon-Sulfur 

combination, which is 200 kg. 

Carbon-Sulfur waste is aggregated first before mixing. 

For each cylindrical concrete test sample (see Figure 5) that 

has been made, maintenance will be carried out and stored 

until the predetermined concrete test curing period, namely 

7, 14, 28, 54 and 90 days. 

 

Figure 4.  TGA Diagram for Carbon-Sulfur Sample. Source: Analysis 

Table 2.  Mix Design Concrete Formulation (Kg) 

Formulation Cement Fine Aggregate Coarse Aggregate Water 
Carbon-Sulfur 

Filler 

Carbon-Sulfur 

Fine Aggregate 

Normal Concrete F'c 25 366 700 1,047 205 0 0 

Concrete + Carbon-Sulfur 2% 366 686 1,050 205 7 14 

Concrete + Carbon-Sulfur 4% 366 671 1,049 205 15 28 

Concrete + Carbon-Sulfur 6% 366 656 1,047 205 22 42 

Source: Analysis 
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Figure 5.  Making Concrete Mixture 

3.3. Concrete Compressive Strength Testing 

After curing the concrete cylinder for a specified period, 

at the specified test age, the concrete mix formulation 

sample was subjected to a compression test to determine 

the compressive strength in units of kg/cm2 (see Figure 6). 

The results of the concrete compressive strength test and all 

formulations can be seen in Table 3. 

 

Figure 6.  Concrete Compressive Strength Testing on Compression 

Testing Machine 

Table 3.  Results of Compressive Strength Testing of Formulations with 
a Combination of Curing Period (kg/cm2) 

Formulation 7 Days 14 Days 
28 

Days 

54 

Days 

90 

Days 

Normal F'c 25 185,8 193,1 234,6 232,3 233,2 

Carbon-Sulfur 2% 166,2 204,0 249,0 204,1 265,7 

Carbon-Sulfur 4% 150,4 163,3 180,1 199,3 226,9 

Carbon-Sulfur 6% 141,2 154,4 164,8 211,3 220,8 

Source: Analysis 

As shown in Figure 7, the results of the concrete 

compressive strength test on all formulations indicate that 

the graph of the increase in concrete compressive strength 

according to the curing period varies considerably between 

formulations. On the seventh day of the curing period, the 

compressive strength of concrete with all Carbon-Sulfur 

composition formulations remains below that of normal f'c 

25 concrete. By the 14th and 28th days, Normal F'c 25 

concrete and all Carbon-Sulfur formulations show an 

increase in compressive strength. However, in the 2% 

Carbon-Sulfur formulation, it can be seen that its 

compressive strength has exceeded Normal F'c 25 concrete. 

On the 54th day of the curing period, the 2% Carbon-Sulfur 

formulation experienced a decrease in compressive 

strength to below the compressive strength of Normal F'c 

25 concrete. In comparison, the 6% Carbon-Sulfur 

formulation experienced a sharp increase that exceeded the 

compressive strength of the 2% Carbon-Sulfur formulation. 

Entering the 90th day of the curing period, the 2% Carbon-

Sulfur formulation experienced a sharp increase that 

exceeded the compressive strength of the 6% Carbon-

Sulfur formulation and Normal F'c 25 concrete. 

The results of the concrete compressive strength test, as 

shown in Table 3 and Figure 7, show that adding Carbon-

Sulfur admixture to concrete can increase the compressive 

strength of concrete in the curing period of days 14, 28 and 

90. When viewed from the perspective of the composition 

variation of carbon and sulfur additions, it is evident that 

the 2% carbon and sulfur formulation has the highest 

concrete compressive strength. However, during the 54-

day curing period, the compressive strength decreased, and 

concrete with a 6% carbon-sulfur formulation had a higher 

compressive strength. In general, the more Carbon-Sulfur 

waste composition added, the more the resulting concrete's 

compressive strength decreased compared to concrete with 

a 2% Carbon-Sulfur waste composition. Therefore, it can 

be concluded that adding more than 2% Carbon-Sulfur 

admixture to concrete does not significantly increase its 

compressive strength. 
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Figure 7.  Comparison Chart of Normal Concrete Compressive Strength in All Formulations. Source: Analysis 

4. Conclusions 

According to the laboratory test results for Carbon-

Sulfur, the TCLP and TC values do not exceed the 

threshold, and the LoI value is less than 10%. This shows 

that Carbon-Sulfur waste has the potential to be processed 

into cement/concrete manufacturing as an additive for 

concrete products. Carbon-Sulfur with a composition of 2% 

is a formulation with the highest concrete compressive 

strength of 265.7 kg/cm2, or 13.9% greater than the 

compressive strength of normal concrete. Thus, Carbon-

Sulfur waste has the potential to increase the most optimal 

concrete compressive strength with an admixture 

composition of 2% and a curing period of 14, 28, or 90 days. 

The results of this study indicate that there is a possibility 

to improve the aspects studied for future testing, such as 

long-term durability studies, or economic/environmental 

Life Cycle Assessment (LCA). To anticipate 

environmental risks, mitigation strategies can be 

implemented which include the use of sulfate-resistant 

cement types (such as Type V Portland cement), applying 

protective coatings, ensuring proper drainage to limit water 

ingress, and conducting site-specific testing for sulfate 

concentrations. Future testing programs should focus on 

monitoring sulfate levels in soil and water, as well as 

assessing concrete durability over time to adapt 

maintenance plans accordingly. By proactively integrating 

these measures, engineers and project managers can 

substantially reduce the risks posed by sulfate attack in 

Indonesia and improve the lifespan of concrete 

infrastructure. 

Carbon-sulfur waste can be used for various civil 

engineering needs, such as paving blocks, bricks, curbs, 

panel fence leaves, panel fence posts or breakwater 

concrete. Carbon-Sulfur waste management can also 

contribute to the circular economy of mining companies or 

reduce production costs and transportation of heavy 

equipment when Carbon-Sulfur waste is only moved or 

relocated to be stored in the final storage area (landfill). 

Concrete with Carbon-Sulfur waste admixture can also be 

used as one of the compensations for areas affected by 

nickel mining so that this research can be developed 

towards an economic evaluation of the impact of Carbon-

Sulfur waste for the benefit of society. 
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