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Abstract: This study investigated a technique for pressing slags
containing aluminum and nickel to create briquettes using a polymer
binder. It examines how the pressing pressure and the proportion of
nickel to carbon in the slags affects the strength of the briquettes that
are produced. Some of the issues that currently plague the
metallurgical sector and environmental ecology can be resolved by
employing briquette slags from the secondary processing of
aluminum (slags containing aluminum). In the smelting of ferrous
metals, their usage as slag thinners enables the exclusion of
expensive and scarce natural raw materials like bauxites and
fluorspar, which has a favorable impact on the price of steel
produced. The study indicated that pressing pressures between
130 and 230 MPa can produce sufficiently strong briquettes,
enabling the combined use of these wastes in the metallurgical
industry.  The ratio of the nickel and carbon contents in the charge
significantly impacts the briquettes' strength. The nickel content that
is 1.5 times greater than carbon is ideal from this vantage point.
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1. Introduction

A range of industries produces solid wastes, some of which are slags from the pyro-
metallurgical production of metals and non-metals [1]. Metals are extracted from ore to create
slag, a glassy mixture of silicon dioxide, metal oxides, and sulfides. Slag is a secondary source
of metals since it includes significant metals [2]. Processing of slags is required due to
environmental concerns since depending on the source of the slag, it may potentially contain
heavy and dangerous metals. It is also a rich supply of metal, which is recovered by recycling
utilizing various techniques.

For the cleanup of contaminants, especially heavy metals, a variety of solutions are in
use., and industrial pollution is currently a severe issue that needs to be handled to avoid
negative effects [3]. Slags can be treated to recover metal, or they can be put to use for other
things. Because it contains valuable materials, ferrous slag can be used in buildings. To build
railroad tracks, roads, and roof shingles, some slags that are thought to be chemically inert are
combined with cement [4]. Road construction uses steel slag (45%), interim storage uses 17%,
internal recycling uses 14%, and fertilizer, hydraulic engineering, and cement manufacturing
use 3% each [5]. In leaching facilities, copper is used as a solution to copper sulfate.

Reusing aluminum garbage is among the most significant issues that contemporary
civilization is dealing with. Its large energy supply economy is the main reason for this. To
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produce aluminum, for example, the energy required is about 190 MJ/kg for primary aluminum
production, but only 20 MJ/kg for secondary aluminum.

According to expert calculations, secondary metal liquefaction activities alone
generate 5 million tons of waste annually from aluminum companies worldwide [7]. Expert
opinion is that the Russian Federation [6] produces about 100,000 tons of Al-containing salt
slags yearly during the production of raw aluminum and aluminum-based goods.

The production of glasses based on calcium aluminate [8] and other construction
materials for civil and transportation engineering [9] are two uses for recycling products made
from slag.

In the process of producing refractory materials, an isolated nonmetallic product with
an alumina content greater than 80% may be needed, and aluminum hydroxide, which is
extracted from salt slags, can be used to raise the molecular ratio of aluminum to chlorine in
the aluminum oxychloride solution, which is subsequently used as a coagulant to purify water
[10]. Ammonium hydrocarbon, which is helpful for manufacturing fertilizers, is produced by
dissolving aluminum salt slags [11].

Some slags have remarkably high levels of dangerous or heavy metal content. The
emission of heavy metals seriously threatens all living things. Comparatively speaking, the
potential for non-ferrous slags to affect the environment is higher than that of ferrous slags [12].
Slag disposal necessitates a sizable amount of land, and because heavy metals may seep from
the waste, it also poses a risk of water pollution. The contaminating effects of industrial slag
leachate on soil and water sources are also connected to a variety of ailments. According to
reports, consuming chromium-contaminated water frequently might lead to anemia and
stomach cancer [13]. Hemochromatosis (iron buildup in tissues that harms them) is caused by
a high iron intake [14]. Lead, mercury, and other dangerous heavy metals are also present in
steel, zinc, copper, and tin slags.

Bauxites and fluorspar, two expensive and in-demand natural raw materials, can be
excluded from the technological process by using them as slag thinner in smelting ferrous
metals [15]. This has a favorable impact on the price of the steel that is produced. Large regions
will be cleared and the ecology will be better off thanks to the utilization of slag from dumps
[16].

By combining aluminum-containing slags with other bulk wastes, such as galvanic
slags that include nickel, the range of these slags can be expanded [17]. The liquefaction of
slags and the alloying of steel with nickel will benefit from using briquette raw materials
derived from these wastes in ferrous metallurgy. Studying the conditions for pressing briquettes
from slags containing aluminum and nickel is the goal of this study. Slags from the secondary
processing of aluminum and those containing nickel are materials of various fractions based on
their physical characteristics [18]. Slags ranging in particle size from 0.92 mm to 1.8 mm, as
well as one of every of all four nickel-containing slag mixtures (Table 2) and combinations of
slags including aluminum (Table 1), were tested.

Steelmaking applies waste products from the processing of foundry slag [19]. A lime
and aluminum-based slag mixture has been created for the out-of-furnace desulfurization of
steel. 60% Al>Os-containing slag. Open-hearth steel is desulfurized to a level of 30%; steel is
desulfurized to a level of 50%. Its costs don't go over 0.6% of the price of steel at a mixture
flow rate of 10 kg/t. The primary slag-forming material utilized in the production of steel in
oxygen converters, open-hearth furnaces, and electric arc furnaces is waste aluminum
production, which contains up to 30% Al>03.[20] This shortens the lowering duration, speeds
up the desulfurization of steel, and removes white slag quickly [21].

The oxidation of aluminum releases heat, which can be used to heat the slag [22],
lower the melting point of the slag increase its liquid mobility under the influence of Al.O3, and
speed up the absorption of slag lime due to an increase in slag temperature and a decrease in
viscosity, which is also accompanied by an improvement in desulfurization. The scrap’s melting
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length increases as sulfur removal conditions get better [23]. The utilization of waste from the
manufacturing of secondary aluminum is particularly cost-effective since it decreases the use
of other additives that create slag (for instance, bauxite).

Briquettes made from aluminum slag discharge shorten the time spent treating slag
and removing it from the furnace [24].

Steel lowers the need for lime, aluminum metal lowers the need for energy, and non-
resistant stabilizes the performance of desulfurization. Using these briquettes may extend the
life of a ladle's slag belt lining and cut down on the number of ladle refractories you need [25].

The use of man-made waste from the secondary aluminum smelting process in the
steelmaking industry as a means of recycling secondary resources is a significant reserve for
improving the efficiency of metallurgical production and enabling the resolution of several
environmental, economic, medical, and social problems [26].

The use of bauxites and fluorspar as slag thinners allows for the exclusion of these
pricey and in-demand natural raw materials from the technical process of smelting ferrous
metals. This is advantageous for the cost of steel production. Large regions will be cleared and
the ecology will be better due to the utilization of slag from dumps [27].

2. Materials and methods

Samples of slag containing aluminum and slag containing nickel were collected from
the waste of the National Aluminum Factories Company in Jordan Figure 1.and Figure 2.

Fiéure. 2. iﬁplé of slag contai’ningnickel.

The range of these slags can be expanded by combining aluminum-containing slags
with other bulk wastes, such as galvanic slags that include nickel. The liquefaction of slags and
the alloying of steel with nickel will benefit from using briquette raw materials derived from



Falah Mustafa Al- Saraireh Study of Factors Affecting the....... 97

these wastes in ferrous metallurgy [28]. Studying the conditions for pressing briquettes from
slags containing aluminum and nickel is the goal of this effort. Slags from the secondary
processing of aluminum and those containing nickel are materials of various fractions based on
their physical characteristics [29]. Pressing was done on slags with a particle size range of 0.92
mm to 1.8 mm aluminum-containing slag was used as the analyzed charge composition (Table
1). and a combination of four different compositions of nickel-containing slags (Table 2)

The samples were analyzed by (SEM-EDX, FEL, Model: Quanta 600) device

Table 1. Chemical composition of aluminum-containing slag
AL AL,04 MgO KCI NaCl SiO, S P Fe,03 Others
11,1 57.0 5.0 0.21 34 7,2 0,05 0,01 4.8 11.24

Table 2. Chemical composition of nickel-containing slag

NO Ni, % Fe, % C.% Moisture % Ni/C
1 8,4 10.8 41.8 19.3 0.2
2 18.6 7.5 21.2 34 0.89
3 21.4 75 13.6 9.5 1,57
4 22.2 6.1 24.8 11.0 0.89

A polymeric binder solution was utilized to produce fracture-resistant briquettes [30],
which strengthen interparticle bonding. Heating the charge in the mixer at a temperature of
100°C for 30 minutes sped up the polymerization process. It eliminated extra moisture from the

briquettes YKHD 650 hydraulic aluminum briquetting press with 55 kwt power was used for
the pressing (figure 3.).

_Lades

Figure. 3. YKHD 650 draulc aluminum briquetting press

. Specimens with a 20 mm diameter and a 15-20 mm height were created throughout
the deformation process (Figure 4).

Figure 4. Aluminum slag briquette.
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Once the briquettes were pressed, they were dried for 40 minutes at 200°C in an
oven to speed up the fastener's polymerization and remove any moisture.

3. Results and discussion

Pressures of 86, 130, 180, and 230 MPa were used during pressing. At a temperature of
150°C, the resulting briquettes were dried to a consistent weight. The compressive strength of
the briquettes was measured using the LT-60-VFD (Forney) universal testing machine (figure

5) and the axial compression method by ISO 1924-2:2008 to measure the compression stress
for specimens.

Figure. 5. LT-60-VFD (Forney) universal testing machine.

As a consequence of the measurements, Fig. 6 illustrates how the briquette strength
depends on the pressing pressure.
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Figure 6. Dependence of the strength of the briquette on the pressure of pressing for different
compositions:1, 2, 3. 4 - composition of slags by the table. 2

Figure 7 illustrates how the briquettes’ strength grows with increased pressure. So, from
8.5 MPa (compression pressure 86 MPa) to 19 MPa, the strength of briquettes made from slag
composition 1 increased (compression pressure 230 MPa). Slag briquettes with compositions 2
and 4 have slightly greater strength values. Briquettes made from slag composition 3 had the
largest improvement in strength, going from 19.8 MPa (compression pressure of 86 MPa) to 33
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MPa (compression pressure of 230 MPa). The fact that there is such a big difference in strength
values can be clarified by the observation that the carbon content in the slag with composition
3 is quite low and the nickel content is fairly high.

Therefore, the ratio of the quantity of nickel to the amount of carbon (Ni/C) contained
in the slag was computed to assess the extent of influence of the concentration of these chemical
elements on the strength of the resulting briquettes (Table 2). Based on the results, a plot
showing the strength of the briquette's dependence on the Ni/C ratio in slags of compositions
1-4 at various pressing pressures was created, as seen in Fig. 7. This demonstrates that when
the amount of nickel grows. The carbon concentration in the charge composition decreases, and
the briquettes' strength increases as well. The range of Ni/C values is where the curve shows
the most growth.  As demonstrated in Fig. 7, the strength of the briquettes increases as the
nickel content and carbon percentage in the composition of the charge decrease. The Ni/C ratio
ranges from 0.9 to 1.6, where the curve is seen to rise the fastest. Briquettes with a Ni/C ratio
of 159 had the highest strength of 33 MPa.
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Figure 7. Dependence of the briquette strength on the Ni/C ratio in slags at different pressing
pressures

pressing pressures equal to 80, 130, 180, and 230 MPa, respectively. Thus, the
quantity of nickel and carbon in the charge significantly impacts the joint briquetting of
aluminum- and nickel-containing slags. The measurements were carried out to determine the
briquette strength's dependency on pressing force at various binder concentrations, as seen in
Fig.8. Binder content of 10, 12, and 20% in the slag combination.
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Figure 8. Dependence of the strength of the briquette on the pressure of pressing for different
binder concentrations.
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From (Figure 8). The strength of the briquettes decreased with an increase in binder
percentage to 20%. This is because the binder intensely flows out of the briquette through the
tool's gaps when there is a high binder concentration and increased pressing forces. The result
of this is a decline in the briquette's strength due to a drop in the percentage of binder.

Consequently, fig.8 (20% binder) shows a notable drop in the amount of briquette
binder following pressing, which subsequently causes a fall in the binder content of
the briquette.

4. Conclusions

1. By incorporating nickel-containing slags into the secondary aluminum processing slags,
it is possible to produce sufficiently robust briquettes at pressing pressures between 130
and 230 MPa, allowing for the joint use of these wastes in the metallurgical industry.

2. The strength of the briquettes is substantially influenced by the charge's ratio of nickel
and carbon content. From this perspective, the nickel concentration that is 1.5 times
higher than carbon is the most ideal.

3. The strength of the briquettes decreases when the percentage of binder in the briquette
after pressing is increased to 20% in the slag mixture.

Since the use of slag as a waste material is no longer feasible for environmental and
economic reasons, a study of a new utilization for nickel smelting slags in the production of
synthetic ore may be of great interest. Both of these considerations are important for future
developments in the utilization of industrial slags and were strongly influential in the choice of
high-aluminum and high-nickel slags as raw materials for the present study. there were some
limitations during the study such as getting a briquetting pressing machine, and getting slags
from different places.
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