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Abstract. Waste management and utilization are very relevant topics today, especially in the
context of environmentally friendly and sustainable road construction. The use of natural
aggregates as basic materials for road infrastructure continues to dwindle, so alternative
materials are needed, one of which is nickel slag. The increase in nickel production is in line
with the increasing amount of nickel slag as waste from the nickel processing process. The
purpose of this study is to evaluate and control the performance of the load-bearing capacity
of asphalt mixtures using nickel slag in the Subbase layer of road construction. Tests were
carried out to measure the physical properties of materials aggregate, and nickel slag, as well
as the chemical and mineral properties of nickel slag. Empirical testing used the testing
method according to the Subbase mixture specifications from Bina Marga 2018. Since nickel
slag is classified as Hazardous and Toxic Materials (B3) waste, additional testing is needed to
ensure its safe use, one of which is through the Toxicity Characteristic Leaching Procedure
(TCPL) test, where the results meet the standards and requirements, and nickel slag is also
proven to meet the physical criteria for road construction materials.
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1 Introduction

Road infrastructure is an important part of the road network system to support the development of
development in Indonesia. The government in this case makes the development, maintenance, and
improvement of road infrastructure as one of the priority programs accompanied by increasing
traffic growth both in terms of the number of vehicles and the loads transported.

For road construction and maintenance activities in Indonesia, approximately 1.3 million tons of
asphalt are needed annually. If the asphalt content in the mixture reaches 6% of the total weight of
the mixture, then this amount will produce approximately 21.6 million tons of hot mix asphalt
(HMA) [1]. Based on this data, with the percentage of aggregate in the mixture reaching
approximately 90-95%, approximately 20.3 million tons of aggregate are needed, which in turn
reduces the availability of natural materials gradually. Therefore, the utilization and recycling of
waste from industrial by-products has become a crucial issue in recent years to reduce the use of
natural raw materials in road construction, one of which is through the utilization of nickel slag as
a substitute for natural aggregate in road infrastructure [2][3].

Indonesia has the world's number 1 nickel reserves reaching 72 million tons or 52% of the world's
total reserves. Indonesia's nickel ore production in 2019 was 800 thousand tons or around 30% of
the world's total production, the government continues to encourage the industrial downstream
program by reducing exports of raw materials and domestic nickel ore processing [4][S][6][7]. The
large increase in production is in line with the waste from slag production by-products produced
from nickel processing. The domestic smelting and refining industry produced around 21.8 million
slags per year, with steel and nickel being the industries that produce the largest slag, where in the
period 2019 to 2024 it is estimated that it can produce around 14,173,000 tons of slag waste

(81o10101[11]12].
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The use of nickel slag as an alternative to natural aggregate still faces obstacles, because according
to Government Regulation No. 101 of 2014, nickel slag is included in the B3 category (Hazardous
and Toxic Materials) [13]. Nickel slag can be used as a filler in Hot Rolled Sheet (HRS) asphalt
mixtures, where the strength of the HRS mixture depends on the strength of its mortar (a
combination of fine aggregate, filler, and asphalt). At a slag filler content of 1%, an Optimum
Asphalt Content (OAC) of 6.75% was obtained, with a higher stability value compared to the use
of slaked lime filler [14].

The use of fine IIT nickel slag with a filler content of 9% resulted in an Optimum Asphalt Content
(OACQ) of 6.54%, while at a filler content of 11.2%, the OAC obtained increased to 7.023% [15].
In another study that focused on the AC-WC mixture, nickel slag was applied as an addition to
fine aggregate, with the results showing an optimum content of 10%. At this content, the
maximum tensile strength value was recorded at 79,147.74 KPa, but after the addition of nickel
slag exceeded 10%, the tensile strength decreased [16].

2 Research Methods

Research methods are intended as a way to achieve predetermined goals that describe what will be
done.

2.1 Types and Stages of Research

This research is a quantitative experimental research, namely research that is almost entirely
carried out in the laboratory. Experimental research is intended to examine causal relationships by
manipulating one or more variables in one or more experimental groups, and comparing the results
with a control group that is not manipulated. Manipulation means systematically changing the
properties (values) of the independent variables defines experimental research as research
conducted to determine the effects of a treatment given intentionally by the researcher [17].

This research will be conducted at the Transportation and Highway Laboratory, Faculty of
Engineering, Tadulako University through stages, both theoretical concept procedures, and
application procedures starting from sampling in the field, examining samples in the Laboratory to
testing samples to obtain results from the research objectives that have been carried out.

2.2 Toxicity Characteristic Leaching Procedure (TCLP) Testing

TCLP is a method used to test the potential for hazardous substances in waste that can leach or
dissolve into the environment, especially groundwater. This test is important for hazardous waste
because some of the chemicals contained can contaminate soil and water if released from their
storage location. This TCLP testing is generally required in various regulations related to
hazardous waste, especially in industries that produce potentially toxic waste [18][19]

Fig.1. TCLP Test Tool
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2.3 Research Material Collection

The materials to be used in conducting this research consist of:

1. Coarse and fine aggregates originating from Ex Watusampu, Ulujadi District, Palu City,
which are stocked to AMP PT. Sapta Unggul from the results of a stone crusher located in
Tinggede Village, Marawola District, Sigi Regency.

2. Filler minerals come from the sand of the Palu River.

Stone ash comes from the byproducts of the PT. Sapta Unggul stone crusher.

4. Asphalt with AC penetration type 60/70 produced by PT. Pertamina which is available at the
Transportation and Highway Laboratory, Faculty of Engineering, Untad.

5. Nickel slag will be taken at the stockpile location at PT IMIP, which is located approximately
551 km from Palu City or approximately 13 hours if travel by land from Palu City.

3 TCLP Test Results

In order for nickel slag to be used as a road construction material in large quantities, testing must
first be carried out in accordance with the provisions of PP Number 101 of 2014 to ensure that the
material is safe for the environment and is not classified as B3 heavy metal waste. The following
table presents the results of TCLP testing of nickel slag waste. Thus, the use of nickel slag in large
quantities will not cause harm to the environment.

Table 1. TCLP Test Results

W

N Parameter Unit Resul Require
o t ments
. Mg/ <
1 Arsenic 1 0.002 3
. Mg/ <
2 Barium 1 0.03 210
3 Boron i\/lg/ 0.001 150
. Mg/ <
4 Cadmium 1 0.05 0.9
5 Chloride Ve 538 75,000
6 Chromium Mg/ < I
Hexavalent 1 0.01
7 Copper i\/lg/ 0.02 60
8 Cyanide %V[g/ 0.01 21
: Mg/ <
9 Lead 1 0.04 3
Mg/ <
10 Mercury 1 0.002 0.3
Molybdenu Mg/ <
1 m 1 0.06 21
. Mg/ <
12 Nickel 1 0.01 21
13 Nitrate Ve 0.32 15,000
14 Nitrite i\/lg/ 0.19 900
. Mg/ <
15 Selenium 1 0.004 3
. Mg/ <
16 Silver 1 0.006 40
17 Zine Ve 0.18 300
18 Antimony Mg/ = 6

1 0.004
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The achievement of nickel slag characteristics not only needs to meet environmental aspects, but
also technical aspects, through physical testing and comparison with road material requirements
according to the 2018 General Specifications.

Table 2. Characteristics of Aggregate and Slag Nickel

Result Specif
N Type of . Aggregates P
° Test Nicke 38 Dus San i
1 Slag 3/4” R . us d cation
Coarse Slag
Abra Max
! sion % 1645 24,52 40%
2 Specific Gravity
2,7 2,7
Bulk 291 9 6 >2,5
2,8 2,7
SSD 291 1 9
Apparent 2,93 62’8 32’8
3 Absorptio 024 0,9 2,8 <3
n 0 9
Fine Slag
4 Specific Gravity
Bulk 2,79 82’6 2,59 >2,5
SSD 28 2 2,66
Apparent 2,87 92’8 2,77
5 . Absorptio L11 32,7 253 <3

4 Result and Discussion

The five technical properties of nickel slag and aggregates that have been tested in the laboratory
have met the general specifications of the 2018 highway construction road. This indicates that the
nickel slag material that was tested has met the requirements for use as one of the components of
road construction materials.

From the available data, it can be seen that the abrasion value of nickel slag is smaller compared to
the abrasion of coarse aggregate. This indicates that the nickel slag tested is harder than the
aggregate from the results of the AMP stone crusher PT. Sapta Unggul located in Tinggede
Village, Marawola District, Sigi Regency, which is stocked from Ex Watusampu, Ulujadi District,
Palu City.

4.1. Abrasion Testing Result

This test is carried out for road construction aggregates that must be performed to ensure the
strength and resistance of aggregates to wear or abrasion due to friction. In road construction,
aggregates experience heavy loads from vehicles, including friction from vehicle wheels that are
constantly passing by. Abrasion tests, such as the Los Angeles Abrasion Test, help determine the
resistance of aggregates to this wear.

Here are some reasons why this abrasion test is important:

1. Ensures Road Surface Durability: Aggregates that have good wear resistance, indicated by an
abrasion value of less than 40%, will be more durable, so they are not easily destroyed or
eroded under vehicle pressure and friction. This is important to keep the road surface strong
and durable.

2. Prevent Road Damage: If aggregates are not wear-resistant, the road surface will quickly
become damaged, cracked, or pitted. Abrasion testing helps select aggregates with adequate
resistance to reduce future repair costs.

3. Road Quality and Stability: Wear-resistant aggregates also contribute to the overall stability
and quality of the road structure, which improves the safety and comfort of road users.
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4. Cost and Resource Efficiency: By selecting aggregates that are durable through abrasion
testing, long-term maintenance, and material replacement costs can be reduced, making
construction and maintenance budgets more efficient.

So, abrasion testing is a preventive measure to ensure that the materials used meet the durability
standards required for road construction.

4.2. Specific Gravity and Absorption Tests

The above test, done for coarse aggregates and fine aggregates in road construction are needed to
be carried out to ensure that the aggregates used meet the technical and quality criteria required for
strong, stable, and durable road construction. Here are the reasons why these two tests are
important:

1. Ensuring Material Strength: The specific gravity of aggregate is directly related to the
strength of the material. Aggregates with higher specific gravity are usually stronger, so roads
using these aggregates will be better able to withstand heavy traffic loads.

2. Mix Stability: The specific gravity of aggregate affects the composition of the concrete or
asphalt mixture used on roads. If the specific gravity of aggregates is known, the proportion
of the mixture can be adjusted to make the result more stable and durable.

3. Prevent Excessive Water Absorption: The aggregate absorption test helps to know how much
water the aggregate can absorb. If the aggregate has high absorption, it can affect the quality
and durability of the road, because the material can expand and cause cracks when absorbing
large amounts of water, especially in areas that are exposed to frequent rainfall.

4. Material Quality Control: Aggregate specific gravity and absorption tests enable quality
control of materials entering the construction site. Substandard aggregates can be avoided,
thus minimizing the risk of construction failure.

5. Material Usage Efficiency: By knowing the specific gravity and absorption, the construction
material mix can be calculated more accurately, avoiding waste, and ensuring that the road
will last its intended life.

So, these two tests are important to ensure that the aggregates used are of the appropriate quality to

meet the technical needs of road construction and provide the necessary stability and durability in

the long term.

4.3. Laboratory and Chemical Analysis

The collected Slag Nickel was crushed to a size below 80 um using a centrifugal mill (Retsch
ZM100, Haan, Germany), then prepared as a powder sample. Chemical composition analysis was
performed using X-ray fluorescence spectrometry, while heavy metal content was measured using
inductively coupled plasma optical emission spectrometry (ICP-OES, Varian 720-ES, Mulgrave,
Australia).

The operating parameters included the use of argon gas as the plasma with a flow rate of 15.0 L
min—1, an additional flow of 1.50 L min—1, and a nebulizer gas rate of 0.75 L min—1. The analysis
was carried out at 25 °C, with three repetitions. For the preparation process, the samples were
dissolved using nitric acid (Merck, Darmstadt, Germany, 69% m/v) and processed in a microwave
oven (Milestone, Italy).

Table 3. Chemical Analysis of Slag Nickel

CaO free Si02 TiO2  AIR2O3  Fe203
23.47 13.68 0.73 9.34 30.82
Compo
nent MnO MgO free  Na20 K20 P205
&
Mass 5.87 6.18 1.68 0.60 0.50
(%)
SO3 Cl F
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2.437 1.003 3.69

The composition of slag varies and is influenced by several factors, including the size of the
fraction. The solid phase in steel slag is Fe203, while the dominant mineral compounds include
metallic iron (dicalcium silicate, dicalcium ferrite).

In the slag sample, the two main mineral phases found were hematite (Fe203) with a content of
about 30.82 wt % and lime (CaO) of about 23.47 wt %. Other minor phases identified include
quartz (Si02) and A1203. The content of CaO, MgO, SiO2, and Al1203 allows steel slag to replace
raw materials in cement production.

Due to the disintegration process, free lime (CaO) residue becomes one of the most risky
components in unbound slag. The dominant lime (CaO) content in slag and the presence of free
CaO and free MgO play an important role in its disposal and use in the construction industry
because it affects its volumetric resistance.

4.4. Bearing Capacity Test

Laboratory tests on the bearing capacity of nickel slag are one of the main tests for classifying
materials without binders used in road structures, such as subbase layers (main or additional) and
subgrade layers (natural or compacted). Each layer requires a minimum bearing capacity ratio
(CBR). This parameter is very important in the road design process. Based on tests on aggregate
mixtures with grain sizes between 1-25 mm and 2-25 mm, the CBR values obtained are in the
range of 35%-42%.
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Fig.2. Grain Size Distribution For Slag

This graph shows the distribution of slag grain size in a different way but still maintains the same
core information. The areas with different colors represent each category of data, namely "1 -1 -
25mm top," "2 - 1 - 25mm," and "3 - 2 - 25mm."

To achieve a bearing capacity ratio of more than 60%, a 1-2 mm fraction was added to both
mixtures and placed on the top of the sample. The addition process was carried out by mixing the
1-2 mm fraction into the top layer of the CBR sample. The results of the sieve analysis for the top
layer are shown in the figure, along with the sieve results of the entire sample consisting of the top
layer of the mixture.
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The nickel slag was first sieved to estimate the gradation curve. For both mixtures, calculations
were carried out to obtain the uniformity coefficient (Cu) and the curvature coefficient (Cc). The
2-25 mm fraction was used in this study, due to possible limitations of suitable materials or quality
control constraints at the construction site.

Based on the CBR value obtained from the test, it can be concluded that the tested material meets
the requirements for subgrade where the minimum value is set at 35%. Samples with an increased
grain size fraction of 1-2 mm reach the requirements for an additional subbase where the CBR
value is 60%. The quality of the CBR results reflects that this nickel slag material can be used as a
subbase layer.

5 Conclusion and Suggestion
5.1. Conclusion

Some reasons why the abrasion test is important:
1. Ensures Road Surface Durability.

2. Prevent Road Damage

3. Road Quality and Stability

4. Cost and Resource Efficiency

Specific Gravity and Absorption Tests are important to be carried out because;
1. Ensuring Material Strength

2. Mix Stability

3. Prevent Excessive Water Absorption

4. Material Quality Control

5. Material Usage Efficiency

Laboratory and chemical analysis of aggregates mixing with slag nickel for road construction is
essential to be carried out to ensure the quality and suitability of the materials used. These analyses
help determine key properties such as strength, durability, and resistance to weathering, which are
crucial for the longevity and performance of the road.

Chemical tests can identify harmful substances, like sulfates or chlorides, that could cause damage
to the road over time. Additionally, proper analysis ensures that the aggregate meets the required
specifications for road construction, contributing to safety, cost-effectiveness, and the overall
structural integrity of the road.

The bearing capacity test for aggregates in road construction is essential to assess the material's
ability to support the loads applied by traffic and other external forces. This test ensures that the
aggregate has sufficient strength and stability to prevent settlement or failure of the road structure.

5.2. Suggestion

Based on the importance of abrasion, specific gravity, absorption tests, and the laboratory and
chemical analysis of aggregates mixed with slag nickel for road construction, it is suggested that
these tests be routinely conducted during material selection and preparation. This will help ensure
the long-term durability, stability, and safety of the road surface.

Regular testing for abrasion and bearing capacity will prevent potential road damage and structural
failure by confirming the material's strength and resistance to wear. Additionally, conducting
specific gravity and absorption tests will help in optimizing the mix for stability, water resistance,
and overall material efficiency, ultimately leading to cost-effective and sustainable road
construction.
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