
Journal of Rehabilitation in Civil Engineering 10-4 (2022) 33-44 

How to cite this article: 

Pratiwi, Y., Naharudin, N., Ilham, I., Wibowo, D. (2022). Eligibility of Nickel Slag Waste Combined with Stone 

Ash for Manufacturing Paving Block. Journal of Rehabilitation in Civil Engineering, 10(4), 33-44. 

https://doi.org/10.22075/JRCE.2021.23717.1521 
 

 

Journal homepage: http://civiljournal.semnan.ac.ir/ 

Eligibility of Nickel Slag Waste Combined with Stone 

Ash for Manufacturing Paving Block 

Yunita Eka Pratiwi
1
, Naharudin Naharudin

1
, Ilham Ilham

2
, Dwiprayogo 

Wibowo
1*

 

1. Department of Environmental Engineering, Faculty of Engineering, Universitas Muhammadiyah Kendari, Jl. Kh. 

Akhmad Dahlan No. 10 Kendari 93115 – Southeast Sulawesi, Indonesia 

2. Faculty of Engineering, Universitas Halu Oleo, Jl. HEA Mokodompit Kampus Hijau Bumi Tridharma 

Anduonohu, Kendari 93231 – Southeast Sulawesi, Indonesia 

Corresponding author: dwiprayogo@umkendari.ac.id 

ARTICLE INFO 
 

ABSTRACT 

Article history: 

Received: 19 June 2021 

Revised: 01 October 2021  

Accepted: 06 December 2021  

 

The application of concrete paving block of nickel slag 

waste (NSW) to develop low-cost construction materials 

attracts researchers worldwide owing to the high 

pessimistic environmental impact of the nickel ore 

processing industry. It has mild and hard properties which 

are suitable for the fabrication of paving blocks. This study 

presents optimization NSW mixed with stone ash for the 

practical manufacture of concrete paving blocks (CPB). It 

was prepared in a small aggregate by using disk mill 

process, then printed by using a mold size of 1200 cm
3
 with 

each variation of the composition. Based on these results, 

we discover the different compressive strength (CS) from 

CPB which is compared with the Indonesian standard 

(SNI). Sample D has excellently fabricated with a 

composition ratio of 1:1:1:1. It is evident from the results 

of testing CS and water absorption (WA) with a value of 

385.00 Kg/cm
2
 and 4.58%, respectively; both values 

indicate an appropriate product for the city roads. 

Meanwhile, sample A represents a standard method that is 

usually applicable for the sidewalk, and samples B and C 

also have high durability representing the usage for parking 

areas. 
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1. Introduction 

In the last decades, the rapid development of 

industry has shown an increase in economic 

growth in Indonesia country through 

government regulations regarding the rapid 

infrastructure development [1, 2]. However, 

it also produces adverse effects on industrial 
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activities such as waste production, an 

uncomfortable environment, and the 

emergence of various diseases [3]. One 

common problem is waste management 

which receives serious attention from the 

Ministry of Environment [4, 5]. At present, 

the Indonesian government continues to care 

for developing environmentally-friendly 

industries and study the utilization of 

industrial waste [6, 7]. Especially in the 

mining industry, it also produces sources of 

environmental pollution such as NSW, coal 

waste, and other chemical compounds [8, 9]. 

Therefore, we must attend to utilize mining 

waste to reduce solid waste and also 

producing new materials to be applied to the 

community [10]. One type of residue from 

the mining industry process is NSW which is 

resulted from the smelting process after 

going through combustion and filtering in 

smelter processing [11, 12]. 

Nowadays a lot of nickel smelter industry has 

been built and developed in the Southeast 

Sulawesi Province-Indonesia and the average 

of NSW production is 4,700 Mt, it is also 

comparable to the increase in mine 

production [13, 14]. The NSW has been 

categorized as hazardous and toxic material 

that potentially produces environmental 

pollution [15]. Generally, it can be utilized 

for building construction material caused it 

containing several chemical compositions as 

a substitute for the sand mixture or stone [16, 

17]. The smelting industry In Southeast 

Sulawesi has disposed of NSW in the aquatic 

environment that aims to the stockpiling 

process around the industrial area [18, 19]. 

Thus, hazardous and toxic material waste 

from mining industries in Indonesia has not 

been thoughtfully good practice. 

According to Wibowo et al. [8] that the 

chemical composition of NSW is consists of 

SiO2 51.04%, Al2O3 27.41%, Fe2O3 14.85%, 

CaO 0.90%, and MgO 4.05%. After being 

tested by using the X-Ray Fluorescence 

(XRF) instrument, it was found that the 

components of the NSW were practically 

similar components with sands material such 

as the high content of SiO2 and Al2O3 i.e. 

51.04% and 27.41%, respectively. Thus, it 

means can be used as a manufacturing CPB. 

Chemically, preparation for manufacturing 

concrete can be applied by mixing the CaO 

and Al2O3 compounds react with water to 

form calcium hydroxide 

(Ca(OH)2)/aluminum hydroxide (Al(OH)2) 

(hydration process), this reaction will 

produce the swelling concrete due to the 

effect of water inserting into the CPB pores 

[20]. Meanwhile, the SiO2 compound in CPB 

will also react with Ca(OH)2 to form calcium 

silicate hydrate (CSH) which servers to 

reduce the number of pores [21]. Therefore, 

we improve the aggregate material to reduce 

the number of pores in CPB by adding stone 

ash. It is essential to improve the CPB 

properties to increase hardness on NSW pore 

side because it has contained many silica, 

alumina alkaline, iron, and lime-silica 

compounds which are very smooth and 

amorphous can be used as cement production 

[22, 23]. 

The function of stone ash is to stabilize the 

swelling soils caused by the water 

absorption, this condition will react between 

amorphous silica and calcium to produce 

CSH with reducing pore formation [24, 25]. 

This is proven by the value of liquid limit, 

plasticity, and index decreased in various 

percentages of stone ash [26, 27]. Based on 

Meyer has reported that stone ash is suitable 

used as a substitute for sands in 

manufacturing CPB [28]. Thus this paper 

discusses the composition of NSW and stone 

ash for the manufacture of CPB material. In 
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practice, we prepare 4 CPB materials which 

are given labels A, B, C, and D. Sample A as 

control was fabricated based on Indonesian 

standards. We are referring to Indonesian 

standards because all aspects of production 

must be assessed through Indonesian 

standards both in terms of economics, 

production, and safety. In this case, we 

compare material quality such as 

compressive strength and water absorption 

which can be applied in the community. 

Therefore, this objective in this study is using 

nickel slag waste as a paving block 

manufacture to reduce mining waste. 

2. Experimental methods 

2.1. Sample preparation 

NSW and stone ash samples were collected 

from Indonesian Morowali Industrial Park 

(PT. IMIP) with an ore size of 5.0 cm. 

Subsequently, the sample was dried and 

crushed by using a laboratory disk mill to 

obtain the particle size variation of ±0.236 

mm and sieved with a particle size of 50 

mesh (0.297 mm). It is certainly due to 

replace the sand as fine aggregate and also 

obtained uniform particle sizes [29, 30]. 

Finally, the sample was weighed using a 

scale based on the composition of variations 

ingredients (Table 1).  

Table 1. Variation in paving block mix 

composition (%w/w). 

Sample 
Cement 

% 

Gravel 

% 

Sand 

% 

NSW 

% 

Stone 

Ash % 

A 

(Control) 

25 25 50 0 0 

B 25 25 0 40 10 

C 25 25 0 30 20 

D 25 25 0 25 25 
 

2.2. Fabrication of paving block 

In this study, we mix the cement, gravel, 

sand, NSW, and stone ash to form the 

concrete paving block with the variation of 

the composition materials as shown in Table 

1. The CPB was prepared with six pieces 

(three pieces for CS test and three for WA 

test). Based on Table 1, sample A is a control 

that is compared with the 3 samples (B, C, 

and D), and it is a standard material for 

fabricating the CPB. Meanwhile, samples B, 

C, and D are a variety of samples test with 

NSW and stone ash. Furthermore, all 

materials were inserted into a square mixing 

container with a size of 50 cm×50 cm×5 cm 

according to the variation samples in Table 1. 

It is given enough water in the middle of the 

dough and stirs until evenly distributed for 5-

10 minutes to produce the mixture binds to 

each other (homogeneous).  

After homogeneous, the mixture is put into a 

mold size of 20 cm × 10 cm × 6 cm to form 

CPB. This process is pressed with 0.30 MPa 

to produce solid material. Then, the printed 

paving block is dried at the ambient 

temperature for 24 h and given the number 

identification to mark each test specimen. To 

obtain the high-solid material, we immerse 

the paving block for 7 days and it dried for 

28 days at ambient temperature (Figure 1). 

After that, the specimens are ready to be 

tested for CS and WA. Concrete CS is 

considered to reach 100% after 28 days old 

concrete (Indonesian standard) [31, 32]. 
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Figure 1. The manufacturing of CPB for 28 days 

at ambient temperature. 

2.1. Characterizations 

2.1.1. Compressive strength test 
CPB was tested of CS by using Digital 

Compression Machine (2000 kN) to obtain 

the CS data after objects experience crushing 

test. It was tested at 28 days namely samples 

A, B, C, and D, each of which amounted to 3 

pieces in the form of blocks with a size of 20 

cm × 10 cm × 6 cm. Before being given a 

compressive, the weight of the sample was 

recorded, then the compressive load is given 

slowly to the test sample by operating the 

pump lever until the test object is destroyed. 

The load scale pointing needle decrease or 

increases, the scale indicated by the needle is 

recorded as the maximum load that can be 

carried by the test object. 

2.1.2. Water absorption test 
Samples A, B, C, and D were prepared each 

amounted to three pieces and immersed in 

water until saturated (24 h) then weighed in a 

wet condition. After that, it is dried in the 

oven at 105°C for 24 h then weighed in a dry 

state until constant weight. 

 

3. Results and discussion 

3.1. Compressive strength test 

This study uses variations of the CPB 

composition according to Table 1 which is a 

mixture of NSW and stone ash as a substitute 

for fine aggregate. The samples object used 

in this study is a block with a size of 20 cm × 

10 cm × 6 cm (1200 cm
3
). The measured 

parameters are CS by using Eq. 1 as 

measured by compression testing. The CS 

test results for samples A, B, C, and D can be 

seen in Table 2. Based on Table 2 shows the 

sample A with a weight of 2.701 Kg produces 

a CS of 201.665 Kg/cm
2
. This data is a 

comparison with the treatment of samples B, 

C, and D. From the data can be seen that 

samples B, C, and D with a weight of 2.916 

Kg, 2.945 Kg, and 2.936 Kg were producing 

a CS of 320.83 Kg/cm
2
, 350 Kg/cm

2
, and 385 

Kg/cm
2
, respectively. A large load value is 

how much weight is pressed against the 

compressive area for 200 cm
2
. The similarity 

of samples weight does not affect the 

compressive load, this is due to differences in 

the composition of the NSW of each sample. 

NSW has a significant impact on its ability to 

replace the role of sand. A ratio of 1: 1: 1: 1 

(Sample D) and the same surface area shows 

that the compressive strength test value is 

very high with a value of 385 Kg/cm
2
. High 

silica composition in slag is expected to 

improve the perfect interface because the 

hydration process that occurs between 

cement and aggregate has reduced the pore 

interface [8]. In addition, high energy is 

required for the destruction of concrete. 

According to Cho et al. [33] there are two 

types of nickel slag namely high and low slag 

which are categorized as porous slag 

properties. In this case, we use high slag in 

the form of dark brown fine sand (ferronickel 

slag powder) which has low pores. The 
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effects of possible damages in the specimens 

by cycles of thermal expansions and 

contractions, as well as the cycles of moisture 

movement and shrinkage are considered to 

reflect in the compressive strengths [34]. 

Figure 2 exhibits that the high load value was 

proportional to the high of CS. It is due to 

sampling D has a good composition in the 

process of mixing and making the paving 

block. Based on Table 1, sample D has the 

same composition by 1:1:1:1 where the role 

of NSW and stone ash to substitute the sand 

for manufacturing CPB, meanwhile the 

cement and gravel to increase the concentrate 

and adhesive agent [35, 36]. Based on the 

data, we report that the NSW and stone ash 

can be used for manufacturing CPB with a 

composition ratio of 1:1:1:1. Then, we 

grouping of CPB to be categorized in the 

Standard National of Indonesia (SNI) No. 03-

0691-1996 to obtain the feasibility of 

materials [31].

Table 2. The results of CS test. 

Sample 

code 

Weight of 

test object 

(Kg) 

Load 

(Kg) 

compressive 

area (cm
2
) 

Actual 

compressive 

strength 

(Kg/cm
2
) 

Factor 

chamfered 

compressive 

strength 

conversion 

(Kg/cm
2
) 

A 2.70 40,333 200 201.66 1.0 201.66 

B 2.92 64,166 200 320.83 1.0 320.83 

C 2.95 70,000 200 350.00 1.0 350.00 

D 2.94 77,000 200 385.00 1.0 385.00 

 

Table 3. The CS results of CPB by SNI 03-0691-1996 (Indonesia standard) [31]. 

Compressive 

strength (Kg/cm
2
) 

Feasibility Application 

356.09 A Road 

173.35 B Parking 

127.47 C Pedestrians 

86.68 D Garden 

 

 
Fig. 2. Graph of the relationship between the load 

value with CS. 

Table 2 is a data of the CS test, then we 
compare with the SNI 03-0691-1996 
standard which applied to the Indonesia 
community. The results of the comparison of 
CS data can be seen in Table 4. Based on SNI 
03-0691-1996 [31] (Table 3), the paving 
block has been categorized into 4 feasibility 
namely A, B, C, and D with the minimum CS 
value of 356.90 Kg/cm

2
, 173.35 Kg/cm

2
, 

127.46 Kg/cm
2
, and 86.66 Kg/cm

2
, 

respectively. The analysis results of the CS 
test in samples A, B, C, and D can be seen in 
Table 4 and Figure 3. 
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Table 4 and Figure 3 shows that sample D 
has high CS compared with samples A, B, 
and C. It is certainly due to the SiO2 being 
the most influential element in determining 
the CS of CPB which are found in NSW and 
stone ash. This element works as a binding of 
all CPB mixes so that it is hard and united 

with one another. In addition, NSW has a 
high content of CaO and SiO2 because the 
CaO compound in the CPB will react with 
water during the hydration process to 
Ca(OH)2, this reaction will be the expansion 
of the CPB. 

Table 4. Results feasibility of CS test. 

Sample 

Compressive 

strength 

(Kg/cm
2
) 

Compressive strength 

(Kg/cm
2
) 

[31] 

difference Feasibility Application 

A 201.66 173.35 28.31 B Parking 

B 320.83 173.35 147.48 B Parking 

C 350.00 173.35 176.65 B Parking 

D 385.00 356.09 28.91 A Road 

 

 
Fig. 3. Comparison of data analysis of the experiment with SNI 03-0691-1996. 

Meanwhile, the SiO2 compound in the paving 

block will react with Ca(OH)2 to form CSH, 

this reaction which will reduce the number of 

pores in the CPB. In the economic case, the 

use of NSW for substituting of sand is more 

profitable because the use of more NSW also 

gives better results in terms of the CS [18, 

37].  

In this study, it was shown that the more 

stone ash was used, the higher the CS of 

concrete. Stone ash is still suitable to be used 

as a material for manufacturing CPB because 

it has smooth aggregate grains into the pores 

thereby increasing the hardness properties of 

a material. It is contained the smooth silica 

compound which is amorphous so that it can 
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harden when mixed with cement. The 

chemical reaction that occurs between 

amorphous silica and lime is the calcium 

silicate (Ca2O4Si) compound which is 

difficult to dissolve in water [24, 25]. 

3.2. Water Absorption Test 

Furthermore, we test the WA of CPB which 

aimed to observe the effect of WA on the 

samples, and tested the endurance of the 

material. Water is a liquid material capable to 

enter the smallest slits. Generally, it has a 

high absorption value then the pore and the 

gap in samples will be larger as well. In this 

test, the water absorption was carried out 

using specimens that have aged 28 days of 

the drying period and immersed for 24 h in a 

soaking tub. After that, it is weighed in a wet 

condition and dried by using an oven at a 

temperature of 105°C for 24 h. The WA test 

results can be seen in Table 5. Table 5 shows 

that sample A has incubated for 24 h in an 

immersion tub had a wet weight of 2.74 Kg, 

then dried in the oven with a dry weight of 

2.58 Kg. So, it is calculated by using Eq. 2 

that the power of absorption into the paving 

block of 6.17%. 

Table 5. The results test of WA from CPB. 

Sample 

Wet 

weight 

(Kg) 

Dry 

weight 

(Kg) 

Water 

absorption 

(%) 

A 2.74 2.58 6.17 

B 3.01 2.89 4.18 

C 2.96 2.83 4.44 

D 2.98 2.85 4.58 
 

Sample A was compared with samples B, C, 

and D to observe the absorption performance, 

the high absorption of material will produce 

the damage of CPB. Subsequently, the 

samples B, C, and D exhibit the wet weight 

value of 3.01 Kg, 2.96 Kg, and 2.98 Kg with 

the dry wet weight of 2.89 Kg, 2.83 Kg, and 

2.85 Kg have produced WA of 4.18%, 

4.44%, and 4.58%, respectively. No visible 

signs of cracking or damage were found in 

any of the specimens after the wet-dry cycles. 

However, some thin whitish deposit was 

observed on the surface after the wet-dry 

cycles. This thin deposit on the surface is 

believed to be caused by leaching out of 

some hydrated product from inside of the 

specimens [34]. 

Based on this research, samples B, C, and D 

have a low absorption compared with the 

standard sample because the NSW is the hard 

material so that is less WA and it is not the 

same with clay which can be save of water 

content. In another hand, stone ash also 

contains silica compounds which are very 

smooth and amorphous so that it can harden 

when mixed with cement and strengthen the 

concrete press [38]. In addition, fly ash can 

be used to stabilize the mixture for expansive 

soils and replacement of cement or as 

aggregates of mortar, similar to sand [39, 40]. 

This is evidenced by defining the necessary 

quantity of water, the volume of blocked air, 

the water/cement ratio, and the quantity of 

binder required [41]. Nickel slag waste has a 

high content of CaO and SiO2 of 64.14% and 

19.86% which needs to be considered from 

the chemical properties because it can be 

colloidal in water. In this case, CaO in the 

concrete will react with water (rain) during 

the hydration process to form Ca(OH)2, this 

reaction will cause the concrete to expand.  

Whereas SiO2 will react with Ca(OH)2 to 

form calcium silicate hydrate (CSH), this 

reaction will reduce the number of pores in 

the concrete but it will expand to be easily 

destroyed. In economic terms, the use of slag 

substitution to sand is more profitable 

because the use of more slag also gives better 

results in terms of the compressive strength 

produced [42]. At the same time, we also 

compare the SNI 03-0691-1996 against the 

WA of the CPB. Based on Indonesia 
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Standard is the CPB with WA contents 

between 3%-10% still belong to good 

stability (Table 6). Table 6 exhibits that 

sample A has WA of 6.17% which falls into 

the category of quality C concrete bricks 

intended for pedestrians. While the 

absorption of sample B is 4.18%, sample C is 

4.44%, and sample D is 4.58% so that the 

absorption speed above is included in the 

category of quality B concrete bricks 

intended for the parking area. The results of 

WA test analysis can be seen in Table 7 and 

Figure 4. 

Table 6. The WA results of CPB by SNI 03-0691-

1996 (Indonesia standard) [31]. 

Water 

absorption (%) 
Feasibility Application 

3 A Road 

6 B Parking 

8 C Pedestrians 

10 D Garden 

 

Figure 4 shows the highest percentage of WA 

in sample A with a composition of 25% 

cement, 25% gravel, and 50% sand which is 

6.17%. Then followed by sample D with a 

composition of 25% cement, 25% gravel, 

25% NSW, and ash stone 25% which is WA 

of 4.58%. In sample C with a 25% cement 

composition, 25% gravel, 30% NSW, and 

20% stone ash, the absorption was reduced 

by 4.44%. The lowest absorptive capacity 

was found in sample B with 25% cement 

composition, 25% gravel, 40% NSW and 

10% stone ash-producing 4.18% absorption. 

Because samples B, C, and D no longer use 

the composition of the sand but use the 

composition of NSW and stone ash instead of 

sand. The absorption of water in the sand is 

very high because the sand is composed of 

70% of large particles of 0.02 – 2.00 mm. 

The CPB whose structure is not porous is 

tough to absorb water quickly because the 

pore structure or cavity contained in the 

paving block dramatically affects the size of 

the absorption of water. 

Table 7. Analysis results of WA test. 

Sample 

Water 

absorption 

(%) 

Water 

absorption (%) 

(SNI 03-0691-

1996) 

difference Feasibility Application 

A 6.17 8 1.83 C Pedestrians 

B 4.18 6 1.82 B Parking 

C 4.44 6 1.56 B Parking 

D 4.58 6 1.42 B Parking 
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Fig. 4. Analysis results of WA test.

The use of NSW is quite high, resulting in 

minimal water absorption. It is certainly due 

to the high NSW content as a substitute for 

sand that can reduce WA in CPB. In this 

case, the CaO compound in the paving block 

mixture will react with water during the 

hydration process to Ca(OH)2 this occurs 

reaction will be expanding. Meanwhile, the 

SiO2 compound in the concrete mixture will 

react with Ca(OH)2 to form CSH, this 

reaction will reduce the number of pores in 

the concrete. 

The WA is a significant factor affecting the 

strength of brittle material, which is 

influenced by various factors including 

material properties, use of material size, pore 

shape, and many other things [43]. Based on 

Figure 4, it can be concluded that sample A 

with feasibility C value can be applied to the 

pedestrians. Meanwhile, Samples B, C, and 

D with feasibility B value can be applied to 

the parking area. 

4. Conclusion 

The potential for practical application of 

NSW and stone ash as raw materials for 

manufacturing the CPB has been examined, 

where the sample D is excellent at paving 

block fabrication with the composition 

1:1:1:1. This is evident from the results of 

testing CS and WA with the value of 385.00 

Kg/cm
2
 and 4.58%, which can be applied on 

city roads. Meanwhile, sample A is a 

standard that usually for manufacturing CPB 

can only be as appropriated for pedestrians, 

and samples B and C have good endurance to 

use as a parking areas, respectively. This 

helps to produce the CPB with the utilization 

of slag and stone ash wastes for better 

engineering properties. 
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