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l. INTRODUCTION currently being dumped in landfills and this not

) ) only endangers the environment, but also human
Gypsum has attracted particular interest health

due to huge quantities generated by different
industries. According to the United States
Geological Survey, the production of gypsum in
2016 was 17 million tons and it is predicted to
increase in subsequent years [1]. Based on the
type industrial processing products, various types
of gypsum waste is produced such as
phosphogypsum (a byproduct from phosphoric
acid making), flue gas desulfurized gypsum (a
byproduct produced by coal-fueled power plants),
fluorgypsum (a byproduct after fluorspar is
converted to hydrofluoric acid) and citrogyspum
(a by-product from the production of citric acid).
Nevertheless, gypsum waste from acid plants is

Besides that, the Department of
Environment (DOE) of Malaysia classifies
gypsum waste generated by the chemical industry
or power plant activities as scheduled waste [2].
Generally, scheduled waste refers to any waste
that is listed in the First Schedule, Environmental
Quality by DOE according to Regulation 2005. In
particular, any waste that contains toxic and
dangerous characteristics which will affect the
environment and public health is also defined as
scheduled waste. At present, most of the gypsum
waste in Malaysia falls under Environmental
Quality Regulations 2005 and is classified as
group number two (SW 205) which is described as
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a byproduct that is high in heavy metal content
such as aluminum, copper, chromium, lead, tin,
zinc, nickel, vanadium, cadmium and beryllium
[2]. Fig. 1 shows an example of gypsum sludge in
filter cake form.

Fig. 1.: Gypsum sludge

In China, gypsum sludge containing small
amounts of arsenic (As) was sent to landfills for
disposal [3]. The As ions are unstable and can
easily be mobilized into soil by water. Thus, a
different approach is required to manage the
disposal of gypsum sludge. In addition, there is a
significant concern on the impact of heavy metal
leaching which will end up accumulated in drains,
rivers and waterways. This is because heavy metal
leaching might cause pollution, groundwater
contamination and pose a risk to public health.
Besides, due to its fine particle size, gypsum is
difficult to pelletize and has to be bonded with
particular additives.

On top of that, disposing gypsum waste in
landfills may cause the leaching of heavy metal
elements into soil and groundwater as gypsum
waste contains a number of toxic elements such as
zinc, manganese, lead, chromium, cadmium and
nickel [4-6]. Inorganic contaminants are always a
main concern for any type of gypsum, especially
heavy metals, because they require specific
treatment to prevent environmental pollution.
Most gypsum waste was found to be contained
high concentrations of accumulated heavy metals.
Besides that, the abundance of gypsum waste
generated by wastewater treatment processes had
to be disposed of in secure landfills which can be
very costly due to transportation and management
processes. Moreover, gypsum waste tends to carry
toxic heavy metals and radioactive contamination.

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 11753 - 11760

Thus, special landfills could be an efficient and
viable disposal method but they are costly as
many procedures and equipment are involved [7-
10]. Gypsum waste is commonly disposed of in
special landfills which could be problematic from
an environmental perspective due to the decrease
in available areas and high disposal costs.
Moreover, the effects on air quality as well as
groundwater and surface water pollution caused
by the disposal of gypsum waste in landfill sites
are of great concern to the government. Hence, an
alternative method for gypsum waste disposal
needs to be sought in order to replace special
landfill areas with more environmentally-friendly
methods [11-13]. Therefore, more researchers are
encouraged to reuse gypsum waste in new
products in order to help conserve the
environment.

1. GENERATION OF GYPSUM WASTE

As stated in  Gypsum Recycling
International, millions of tons of gypsum waste
are disposed of every year in the USA and in Asia.
The stockpile of gypsum waste dumped in
landfills releases hazardous gases, which result in
environmental pollution. In Japan, three workers
died in 1999 because of exposure to hydrogen
sulfide (H2S) in landfill sites reported by [15].
Hydogen sulfide gas cannot be seen by the naked
eye but it is very dangerous. There is no proper
installation of gas pipes or leachate and water
treatment facilities such as liners prepared for
gypsum waste dumped in landfills. The H2S gas
generated comes from sulfate (SO4) consumed
and converted by sulfate-reducing bacteria (SRB)
under anaerobic conditions [16]. Gypsum boards
are construction debris which mainly consists of
gypsum (CaS04). Furthermore, according to [17],
the Japanese government acknowledged that
gypsum board contains H2S, thereby making the
dumping of gypsum waste into landfills illegal
[18].

Prior to that, tons of gypsum sludge were
produced as by products of chemical and
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industrial wastewater treatment [19]. The become a great concern to the environment and
chemical processes of different types of acid are human health. Wastewater treatment from the
the main factors of gypsum waste generation. The bleaching earth industry produces gypsum through
desulphurization procedure for power stations to the dilution of sulphuric acid during the
release flue gases is one of the activities that neutralization process. This is a classic example of
contribute to the production of gypsum waste. The a neutralization reaction where acid and alkali
quantity of gypsum waste generated increases react to form salt (gypsum) and water. Gypsum
every year in Malaysia and it is anticipated to generation in the wastewater treatment process is
grow due to the rapid development in the chemical shown in (1):
industry and power plants. Approximately 1.6
million metric tons of industrial sludge is H2SO4 + Ca(OH); —>
produced annually while 0.81 million metric tons Suﬁ)hAu;ic + H.O 1)
of industrial sludge is disposed of at sanitary Acid
landfills [20]. _ _ Calcium hydroxide Hydrated
According to [21], during the treatment of acid
main drainage, gypsum sludge is produced as a The gypsum produced is then sent to a
byproduct of alkaline treatment. Eventually, the secure landfill. Generally, gypsum waste is
sludge can lead to the contamination of obtained as a filter cake in the form of fine
groundwater and negatively affect the surrounding particles. It is wet as it contains about 18% to 50%
air quality. However, the disposal of gypsum of water. Gypsum waste also requires the use of
waste in a secure landfill requires many specialized binders and additives for pelletization
procedures which can be very costly for the to occur. Moreover, in bulk form, gypsum
industry. contains high moisture content which makes it
Furthermore, wastewater treatment difficult to manage. Stockpiled gypsum is hard to
activities from the chemical industry and power store and transport. Fig. 2 shows the wastewater
plants have resulted in high quantities of gypsum treatment process in the chemical industry:

waste being generated in Malaysia. This has
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Product silo <j Classifying ‘U] <:| Dryer <:| Filtration
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Fig.2.: The wastewater treatment process in the chemical industry
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1. GYPSUM WASTE RECYCLING

In recent decades, the interest in finding
alternatives for the utilization of gypsum waste
generated from industrial wastewater treatment
activities has ascended. A possible method that
could replace costly landfills is to convert gypsum
waste into new types of products that would be
conceivable and useful. For that reason, special
attention needs to be paid to inorganic contents in
gypsum waste before it is dumped away. Specific
treatment methods for preventing environmental
pollution during the disposal process have cost
various industries a lot of money. Hence, various
approaches have been proposed to improve
gypsum waste management. Therefore, gypsum
waste is now widely used in plaster cement
production which acts as natural cement
replacement, manufacturing of boards,
construction of roads, treatment of sulfuric acid
and ammonium sulfate and as fertilizer for saline-
alkali soils in accordance with particular
guidelines [22-25].

In [26], natural gypsum ores were replaced
with recycled dihydrated gypsum. The recycled
dihyrated gypsum needed large amounts of water
because of a wider exposed area, distributed
particle size, poor sphericity and porosity. The
strength test showed decreased values as porosity
increases. The evaporation of water causes
ettringite to form within the particles. It is closely
related to flexural strength as the process of
dihydrated gypsum forming recycled hemihydrate
will change the crystal morphology to the
sphericity of the shape .

Based on [27], gypsum is a fire resistant
material that can function as fire protection in
building construction. Load bearing structures
have widely utilized gypsum plaster for fire
protection. Besides that, the use of gypsum as one
of the most environmentally-friendly binders in
building materials is getting more attention.
Unfortunately,  gypsum loses its mechanical
strength when it is in a wet condition. In order to
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make gypsum more stable, endothermic
decomposition during the firing process will
change the composition of calcium sulphate
dihydrate and remove the water of crystallization.
A temperature of up to 1000°C can be achieved by
gypsum compared to other materials that are only
able to withstand temperatures up to 200°C.

According to [28], the potential of gypsum
for binding soil particles was tested. The results
showed that in a dry environment, the strength of
soil mixtures containing gypsum increases.
However, it is a challenge to use gypsum as a soil
stabilizer ~because of its water soluble
characteristic. According to [29-31], before
gypsum was incorporated into  ground
improvement projects, a specific solidification
agent is required to bind with the gypsum particles
to enhance the stability and durability of the
ground. Moreover, gypsum sludge contains a lot
of important elements such as calcium sulfate
which has the potential to be used as a binder for
arsenic sludge treatment. Moving forward, the
compressive test for the binder showed that
strength values increased when gypsum sludge
content increased gradually. The 3-day old
samples incorporated with 8% of gypsum waste
had better strength compared to 7-day old
samples. During the hydration process, gypsum
waste could help in slowing down the loss of
strength through the formation of ettringite.
Therefore, the workability of the binder is very
dependent on the tricalcium aluminate (C3A) and
calcium sulfate system (CaSQ,) [32]. After all, the
samples were being tested and were proved for the
ability to be reuse in fly ash brick.

Meanwhile, [33] conducted a study on the
stabilization of adobe using gypsum waste. Adobe
is recognized as one of the most established and
most broadly used structure materials for decades.
However, adobe has certain disadvantages
including its high solubility in water. Thus, a
stabilizer such as phosphogypsum or natural
gypsum could help improve the performance of
adobe. From the research, the stabilized adobe
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samples increased in strength when more gypsum
waste was used. However, only a maximum of
25% of phosphogypsum could be added to adobe
for stabilization purposes. Other than that,
phosphogypsum also helps lengthen softening
time, increase water resistance, reduce drying
shrinkage and give a smooth appearance to the
adobe samples.

On the other hand, fired clay brick is one
of the building materials that is well known in the
construction industry. Furthermore, recent decades
have witnessed the increasing number of studies
being done on using toxic waste as potential
substitution in building materials. Brick is favored
because of its locally available sources, ease of
preparation, good features and adjustable
composition. Meanwhile, the use of waste
additives can help improve the properties of brick.
The dangerous components in clay bricks will also
undergo volatilization during the firing process.
Under certain circumstances, the fixation of the
materials will occur due to changes in the
chemical and toxic content of recycled gypsum
waste [34], [35]. The resulting fired clay bricks
produced using gypsum waste would lead to ideal
properties such as improved total shrinkage, low
weight and high thermal conductivity. However,
some properties such as porosity and water
resistance might decrease due to the
characteristics of gypsum waste. [22]. The
quantity of waste that can be used in ceramic
bodies and its effects on the end product will
depend on the characteristics of the waste utilized.
Endeavors by previous researchers in different
types of toxic waste incorporation in building
materials such as sludge, biodiesel, fly ash,
sawdust and palm oil waste have shown several
physical and mechanical improvements [36-42].
In addition, even though some deficiencies were
present in the products, improvements such as
lightweight bricks, lower density, fair compressive
strength and lower consumption of energy during
the manufacturing process were also observed.
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Table | shows a summary of studies on gypsum

recycling.

Table I: Summary of studies on gypsumrecycling

Researcher Gypsum Advantage

recycling

Zhu et al., | Dihydrate Forming of

(2018) gypsum block crystals that
increase  strength
values

Magdalena et | Fire-resistant Withstand high

al., (2018), materials temperature

Bekele et al., | Natural gypsum | Decrease

2015 substitution dependence on
natural gypsum

Aly and | Bind soil | Improve the

Usama (2014) | particles strength of ground
mixtures (gypsum
and soil)

Kamei et al., | Soil stabilizer Improve the

(2013), stability and

(2011); durability of soil

Ahmed

&Ugai,

(2011);

Ahmed et al.,

(2010b),

Nurhayat Adobe Increases strength,

(2008) stabilization lengthens
softening time,
increases water
resistance, reduces
drying shrinkage
and gives a smooth
appearance to the
adobe samples

Based on the studies conducted by many

researchers,

the successful

results from the

incorporation of toxic waste in fired clay bricks
have encouraged the use of gypsum waste from
wastewater treatment plants as replacement
material in brick production. Thus, recycling
gypsum waste not only helps solve waste disposal
issues, but also the shortage of natural resources
[41], [42].

IV.  CONCLUSIONS
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The results of this study can be beneficial
for chemical industries that produce waste
containing high heavy metal content as it shows
how gypsum waste can be generated. Due to mass
quantities of gypsum waste generated, high
management costs, stringent regulations and
scarcity of landfill space, there is a crucial need to
seek out appropriate methods for recycling
gypsum waste. Based on the characteristics of
gypsum such as the formation of crystals in
dihydrate gypsum, fire resistance, facilitation in
the recovery of byproducts, soil stabilizing
properties and so on, it is feasible to recycle
gypsum waste. However, an extensive study on
the impacts of gypsum waste incorporated into
building materials is needed to obtain the
optimum percentages of gypsum waste which
comply with the standards.
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