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Abstract: Reusing and recycling construction and demolition waste materials is one of the main
approaches to reduce the environmental impacts of the construction industry. Waste gypsum drywalls from
ever-growing renovation projects and scrap drywalls from new constructions have become a major issue
for municipalities. Several researchers have studied the potential use of recycled gypsum from waste
drywall as a second-raw construction material, especially for concrete construction. However, there is no
comprehensive review study on the topic while it can identify research gaps and provide a direction for
future studies. With this background, this review paper focuses on the applications of recycled gypsum
drywall (RGD) in the construction industry and its environmental and economic benefits. Additionally, this
paper proposes the best mixtures for the concrete containing RGD through the literature review. The
cementitious composite of this mixture can be used in other introduced applications. To this end,
applications of RGD in the construction industry were classified into seven groups, including supplementary
materials in concrete materials, soil stabilization, ceramic industry, recycled aggregates, cement
production, plaster, as well as blocks and walls, and new achievements in each group were discussed.
Then, the most eco-friendly concrete mixture with acceptable mechanical strength was proposed, assisting
researchers in future studies. The results illustrate that reusing recycled gypsum can significantly reduce
the carbon dioxide emissions of the concrete and provide economic benefits. A combination of ordinary
Portland cement, recycled gypsum, fly ash or perlite, and slag was proposed as the most appropriate
cementitious concrete composite.

Keywords: Recycled gypsum drywall, Construction industry, Cementitious composites, Environmental
impact, Economic benefits, Recycling

1 Introduction

Todays, Reusing and recycling waste materials is well-known as one of the strategies to not only decrease
the cost of produced materials but reduce the environmental impacts of industries and materials. Given
these benefits and the critical situation of global climate-changing, which results from releasing a vast
amount of greenhouse gases, many researchers have established their studies on reusing and recycling
waste materials in industries.
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One of the primary sources of waste materials that contributes to approximately 27 percent of total solid
waste materials in Canada results from the construction industry (Yeheyis et al., 2012). Meanwhile, many
construction and demolition waste materials can be recycled and reused in the construction industry,
significantly reducing the demand for landfill space and virgin and raw materials. Additionally, using recycled
construction and demolition waste materials can noticeably decrease the carbon dioxide (CO2) emission
of the construction industry, which is valuable. This reduction is also accentuated due to the 65 percent of
the contribution of CO2 in greenhouse gases effects and the critical situation of global climate-changing
(Hansen and Sadeghian, 2020; Naik, 2008).

Gypsum is one of the most common construction materials that have been used for hundreds of years due
to its suitable characteristics. Currently, the majority of gypsum in the construction industry is used in
manufacturing gypsum drywalls because of its heat and sound insulation characteristics, which increases
the utilization of the walls in the construction industry. Regarding this increasing demand, drywall waste
has also been raised to the extent that the gypsum drywalls contribute to about 9 percent of total
construction and demolition waste in Canada, typically disposed of in the landfills (Oh, 2019). Disposing of
the gypsum drywall, however, has some environmental impacts not only on the landfill space but on the
underground water sources since the gypsum can react with the rain and leachate and produce toxic liquids
(Oh, 2019; Oliveira et al., 2019). On the other hand, previous studies indicated that gypsum has a close
recycling loop and can be completely recycled at least three times (Basile et al., 2020; Boccarusso et al.,
2020). Therefore, studying the applications of recycled gypsum drywall (RGD) is necessary for protecting
the planet.

Despite the above advantages of RGD, its utilization has been limited in the construction industry due to
the sparse number of studies on its applications and benefits. Therefore, providing a review paper on the
applications of RGD can indicate the research gaps and provide a direction for future studies.

Given this fact, the present paper aims to provide a comprehensive review of the applications of RGD in
the construction industry to not only indicate its applications as well as environmental and economic benefits
but also introduce the most appropriate mix for the cementitious composites containing RGD. To this end,
earlier studies were classified into seven groups based on their proposed applications in the construction
industry. Then, a brief comprehensive review of the applications was represented. Next, the environmental
and economic benefits of using RGD were determined, and the most appropriate mix for the cementitious
composites containing RGD was introduced. Finally, the research gaps were identified based on the
literature, and several research directions were proposed for future studies.

2  Methodology

This study focuses on the English published papers between 2019 and 2021, which have one or any
combination of recycled gypsum, gypsum, drywall, and wallboard words and are related to the applications
in the construction industry on google scholar. The period includes studies that not only covered the past
applications of RGD but introduced new applications of RGD in the construction industry, while the earlier
studies than 2019 mainly focused on the applications of RGD as a soil amendment for agricultural purposes,
animal bedding, and water treatment.

3  Paper Structure

The first section briefly introduces RGD’s characteristics and recyclability. The second section indicates
applications of recycled gypsum that have been studied during the determined years. The third section is
allocated to the environmental benefits of using RGD in introduced applications, while the economic
benefits of this utilization are discussed in the fourth section. The most appropriate mix component for
creating the most environmentally friendly cementitious composites is proposed through literature in the
next section. Finally, the main research directions and gaps are identified based on the reviewed papers.
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4  Recycled Gypsum Drywall

RGD is powder or aggregate forms of gypsum drywalls that are currently considered as construction waste
materials. The powder form can be treated thermally at a temperature between 125°C and 180°C for around
24 hours to increase its reactivity which is called the calcination process (Weimann et al., 2021). However,
according to the literature (Weimann et al., 2021), thermal treatment can improve the reactions of the RGD,
some researchers such as (Hansen and Sadeghian, 2020) showed that RGD powder can be used as a
supplementary material without any heat treatment, which can improve the sustainability index of recycled
gypsum drywall. These powders were typically used as supplementary cementitious materials or filler in
soil stabilization (Janbaz et al., 2021; Thul et al., 2019), manufacturing drywalls (Grasielly et al., 2019),
concrete materials (Chernyshova et al., 2020; Hansen and Sadeghian, 2020; Nguyen et al., 2019a), plaster
(Li et al., 2019; Papailiopoulou, 2018), and blocks (Igbal et al., 2020), cement production (Almeida et al.,
2020), and ceramic industry (Cipriano et al., 2020). On the other hand, the aggregate form has been
generally employed as recycled aggregate in concrete and composite materials (Diotti et al., 2020).

5 Applications

This section aims to briefly introduce the studied applications of RGD in the literature. The applications of
RGD can be clustered as supplementary materials in concrete materials, soil stabilization, ceramic
industry, recycled aggregate, cement production, plaster, and blocks and walls.

5.1 Supplementary Materials in Concrete Materials

Supplementary cementitious materials are the materials that are used as a partial replacement for ordinary
Portland cement (OPC) and contribute to the hardening and strengthening reactions of the concrete through
hydraulic and pozzolanic activity. These materials are also named as the partial alternatives of OPC since
OPC is responsible for around 5-7 percent of carbon dioxide emissions of the construction industry and
consumes a vast amount of energy while its production is also required a vast amount of raw materials that
can deteriorate the environment (Hendriks et al., 1999; Toufigh and Jafari, 2021).

RGD is one of the supplementary cementitious materials that has been studied in the literature. Although,
utilizing the combination of RGD and OPC can significantly reduce the strength of concrete (Hansen and
Sadeghian, 2020); recent studies approved that adding fly ash (Hansen and Sadeghian, 2020), mine waste
such as perlite (Chernyshova et al., 2020), and slag (Nguyen et al., 2019a) can significantly enhance the
compressive strength of concrete while substantially reducing the OPC demand and its harmful
environmental impacts. The recent studies also indicated that the RGD acts as an activator for alkali
materials such as fly ash and slag and improves their participation in the concrete strengthening reactions
(Hansen and Sadeghian, 2020; Hong et al., 2020; Nguyen et al., 2019a). Additionally, (Hong et al., 2020)
also presented that employing RGD can improve the waterproof characteristics of concrete. In addition to
the strength of concrete, an earlier study demonstrated that using the combination of OPC, RGD, and fly
ash can significantly improve the water-resistance and reduce the drying shrinkage of cementitious mortars
and concrete (Jiang et al., 2018). Additionally, (Timpano, 2019) denoted the potential of RGD in 3D printed
composite materials, which shows the efficiency of RGD as supplementary cementitious materials. Table
1 briefly shows the previous studies on using RGD as supplementary cementitious materials.

Although recent studies indicated the potential of RDG as supplementary materials, one of the main
adverse effects of utilizing RGD is its effect on setting time reduction. Due to this adverse effect, some
researchers, such as (Nguyen et al., 2019b), examined the effect of retarders on the setting time and
compressive strength of concrete containing RGD and slag. Their results represented that the citric acid
retarder can significantly improve the compressive strength of the concrete while increasing the setting time
of the fresh mix. However, they proposed an appropriate retarder; the effect of other retarders and
superplasticizers on the properties of concrete containing RGD is still unknown. Additionally, the impact of
adding RGD to concrete on its durability characteristics is undetermined.
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Table 1: Recent studies on using RGD as supplementary cementitious materials

Study Materials Objectives of study
OPC RGD Flyash Slag Others S WR D Others
Hansen and Sadeghian v v N - - v - - -
(2020)
Hansen (2020) v v N - - v - W -
Chernyshova et al. (2020) v - - Mine v - - -
waste
Hong et al. (2020) v v - v - v - - Electrical resistivity
Lu et al. 2020) v v N - - v - -
Nguyen et al. (2019a) - Vv - Vv - v - - Bending beam
(fracture)
Mukhametrakhimov et al. v v - - Metakaolin + - - -
(2019)
Nguyen et al. (2019b) - v - v - v - - Effect of retarder

S: Strength, WR: Water resistance, D: Durability

5.2 Soil Stabilization

Traditionally, gypsum was used for soil stabilization because of its appropriate characteristics and price.
Recently, using RGD for soil stabilization has been frequently studied so that the topic is mentioned in a
large number of published papers on applications of RGD. The majority of the articles are studied stabilizing
expansive and clayey soils with a composite containing RGD for the structural foundation, backfills, and
road base and subbase(Imteaz et al., 2020; Kamara et al., 2019; Krishnaiah et al., 2020). In addition to
using the RGD powder, some researchers utilized the aggregate form of RGD in their studies on saill
stabilization. Their results illustrate that the RGD aggregates can be used in road subbase and pipeline
bedding (Imteaz et al., 2020). Table 2 demonstrates the recently published papers on using RGD for soll
stabilization and their research goal.

According to Table 2, most of the research on stabilizing soils by using RGD only examined the unconfined
compressive strength of their mixes, while one of the main points of reusing the RGD in the construction
industry is the penetration of the leachate to groundwater and soil pollution. Therefore, although replacing
OPC with RGD has some environmental benefits regarding CO2 emission reduction, other environmental
impacts of this replacement should be studied in the future. Additionally, there are spare numbers of studies
on the durability of stabilized soil by recycled gypsum and the effect of the water on the mechanical and
durability properties of the stabilized soil, which can be studied in future studies.

Table 2: Recent studies on soil stabilization and their objectives

Study Materials Objectives
RGD Soil OPC Others
Krishnaiah et al. (2020) i v - - Strength of Expansive clay soil
Kamara et al. (2021) v v v Slag, Quarry Strength, high-pressure flow,
Waste dust, and and freeze/thaw
asphalt filler

Tan and Adajar (2020) v v - Rice Husk Ash Strength, Expansion index, and

Atterberg’s limits
Imteaz et al. (2020) Vv v - - Suitability of RGD in aggregate

form for non-load bearing
embankment

* RGD used in aggregate form
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Table 2: Recent studies on soil stabilization and their objectives (cont.)

Study Materials Objectives
RGD Soil OPC Others
Magsood et al. (2020) N v - - Strength, unconfined creep,
and cyclic loading properties

Allah et al. (2020) N v - - Strength of unbounded paving
materials
Janbaz et al. (2021) N v Vv - Unconfined compressive
strength
Cheng et al. (2020) N N N Fly ash, quicklime, Unconfined compressive
and skeleton soil strength
AL-Adili et al. (2019) N N - - Unconfined compressive
strength
Apriyanti et al. (2019) v v - - Shear and unconfined
compressive strength
Rustam et al. (2019) v v - - Shear and unconfined
compressive strength
Thul et al. (2019) v v - Tin Tailing Strength, Atterberg’s limit, and
Free swell index
Bure and Kamara (2020); v v - Reclaimed asphalt unconfined compressive
Kamara et al. (2019) filler, Medium strength

hydrated tailing,
slag, By-pass dust

* RGD used in aggregate form

5.3 Ceramic Industry

Utilizing RGD is another application of RGD that has been studied in the reviewed papers. However, there
is only one published article on this application among the reviewed papers, which examined the effect of
temperature on the ceramic composites containing RGD (Cipriano et al., 2020). The encouraged readers
referred to the past reviewed paper on this topic (Almeida et al., 2020).

5.4 Recycled Aggregates

One of the applications proposed as potential applications of RGD is using them as recycled aggregate,
which can reduce the required energy for their grinding while slowing down the depletion of aggregates
sources (Tazi et al., 2021). Unfortunately, there is no study on using the RGD as recycled aggregate in
concrete. Therefore, it can be a topic for future studies that reduce the environmental impacts of disposing
of gypsum and reduce the demand for aggregates and deterioration of the environment due to the
extractions.

5.5 Cement Production

In addition to studies on using RGD as supplementary cementitious material, some researchers focused
on utilizing RGD in cement production (Khudyakova et al., 2019). Although these studies have been quite
limited in recent years, their results show the potential of RGD as a replacement for natural gypsum in
cement clinker (Khudyakova et al., 2019). According to the study, replacing natural gypsum with RGD not
only reduces the environmental impacts of extracting gypsum but also results in a composite with higher
compressive strength. This outcome is completely aligned with the proposed close recycling loop of RGD
in earlier studies (Basile et al., 2020).
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5.6 Plaster

Utilizing the RGD as a partial or complete replacement of commercial gypsum in manufacturing plaster has
been studied in recent articles. The reviewed papers focus on not only the mechanical properties of plaster
containing RGD (Li et al., 2019) but the workability (M.A. Pedrefio-Rojas et al., 2020), sound absorption
(Oliveira et al., 2020), and thermal properties (Pedrefio-Rojas et al.,, 2019) of the plaster as well.
Additionally, an earlier study evaluates the effect of the heating process on the RGD plaster, which can
show the effect of the thermal treatment on the RGD properties (Pedrefio-Rojas et al., 2019). According to
the articles, the plaster containing RGD plaster has the same mechanical, workability, and sound absorption
as the commercial gypsum plaster. (Pedrefio-Rojas et al., 2019) also demonstrated that the plaster with
entirely replaced RGD can achieve the appropriate performance. Table 3 summarizes the reviewed articles

on the partially and entirely RGD replaced plasters.

Table 3: Reviewed paper on using RGD in plaster

Study Type of replacement Results
Partially  Entirely
Manuel Alejandro Pedrefio- - v The RGD plaster achieved higher strength and

Rojas et al. (2020)

M.A. Pedrefio-Rojas et al. v N
(2020)

Cristina et al. (2019) - v

Oliveira et al. (2020) - v

Pedrefio-Rojas et al. (2019) - v

Bartolomei et al. (2019) v -

thermal conductivity than the commercial
gypsum plaster.

There is no difference between the
microstructure of heated and unheated RGD.
Their results also demonstrated that the RGD
plaster could achieve sufficient mechanical
strengths and thermal conductivity compared to
reference plaster.

Heating treatment up to 150°C efficiently
increases the reactivity of the RGD by returning
its microstructure to the commercial gypsum.
Their tests also demonstrated that the RGD
plaster obtained a higher setting time and
compressive strength.

The sound absorption of RGD plaster is as
same as the commercial plaster.

Commercial gypsum can be completely
replaced with the unheated RGD in the plaster
based on the mechanical properties and
thermal conductivity.

Employing RGD can improve thermal stability
and reduce the flammability of the composite.

5.7 Blocks and Walls
The final studied application of the RGD in the literature

is employing RGD in the manufacturing blocks,

bricks, and drywalls (Arumugam and Shaik, 2021; Assis and Neto, 2019; Chiang et al., 2018). According
to (Chiang et al., 2018), the RGD can be efficiently used as a mineral foaming agent in manufacturing
lightweight bricks, which improves the mechanical properties and thermal conductivity of the bricks.
Additionally, using RGD is an efficient method to reduce the CO2 emission of bricks (Chiang et al., 2018).
A recent study also represented that the walls manufactured by RGD have superior mechanical
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performance compared to the conventional ones (Assis and Neto, 2019). (Igbal et al., 2020) also used the
RGD for producing unfired mud blocks based on the fire resistance and inflammability of the RGD. In the
end, (Arumugam and Shaik, 2021) reported that the gypsum could activate the fly ash in the mud bricks
and, therefore, act as a cementitious material in brick manufacturing.

6 Environment Benefits

This section examines the environmental benefits of using RGD as a supplementary cementitious material.
One of the main environmental factors that have been widely studied in the environmental evaluations of
concrete materials is CO2 emission since this gas is responsible for around 65 percent of greenhouse
gases’ effects (Naik, 2008). Another factor that can be considered as an environmental benefit of employing
RGD is the reduction of landfill pollution due to decreasing the amount of RGD by reusing the waste as
secondary raw materials. The RGD contains nanometal particles that can pollute the landfill’s soil and
underground and surface water while reacting with rainwater and producing leachate (Oh, 2019; Oliveira
et al., 2019). In addition, the reaction between RGD and rainwater releases hydrogen sulfide gas which is
toxic, flammable, and dangerous for public health (Oh, 2019).

However, other parameters such as underground and surface water pollution are also important; this
section mainly focuses on the effect of using RGD in the CO2 emission of concrete. Additionally, due to the
variability of the CO2 emission of transportation which is affected by the type of transporting vehicle and
distance, this study only focused on the CO2 emission of the materials. The data on the CO2 emission of
the materials and the mix design contents were also achieved through literature. The main property for mix
design selection is the compressive strength of hardened concrete equal to 35 MPa since this characteristic
is one of the essential features of concrete.

Tables 4 and 5 show the estimated CO2 emissions of materials and the mix designs used to calculate the
CO2 emissions of concrete mixtures. Additionally, since the previous article denoted that the RGD can be
used as supplementary cementitious material without thermal treatment, this study ignores the CO:
emission from heating the RGD (Hansen and Sadeghian, 2020). Table 6 indicates the estimated CO:
emission due to the mix design components based on the mentioned data in Tables 4 and 5. Figure 1 also
illustrates the estimated CO2 emissions.

Table 4: CO2 emissions of mix design components

Material OPC Fly RGD Slag Fine Coarse
ash aggregates aggregates
CO2 emissions (kg/kg) 0.82% 0.027* 0.034? 0.1431 0.0139* 0.0459*

1. Source (Islam et al., 2015)
2: Source (Weimann et al., 2021)

Table 5: The weight of Mix design components with the specified compressive strength of 35 MPa

Materials Weight of materials (kg/m?3)
OPC Fly ash RGD Fine Coarse
aggregate aggregate
Mix design 11 435 - - 672 1093
Mix design 22 138.32 197.6 59.28 574.6 1184.3

1 ACI method (211.1-91)
2: (Hansen and Sadeghian, 2020)

Table 6: Estimated CO2 emission of the mix designs

Materials CO2 emission (kg)
EM65-7




OPC Fly RGD Fine Coarse Total

ash aggregate aggregate
Mix design 1 356.7 - - 9.34 50.17 416.21
Mix design 2 113.42 6.72 1.6 7.99 54.36 184.09
450
_\@ 350
£ 300
S 250
[%2]
é 200
) -
8 150
G 100
50
0
OPC concrete Concrete containing RGD

mOPC mRGD = Fly ash = Fine aggregate m Coarse aggregate

Figure 1: Estimated CO2 emission of the mix designs

According to Table 6, using a combination of RGD, OPC, and fly ash can reduce the CO2 emission of the
concrete with the compressive strength of 35MPa up to 55.7 percent. It is worth mentioning that replacing
OPC with slag can also reduce the CO2 emission of concrete more than the estimated amount; however,
due to the lack of examined mix design with the combination of slag, OPC, RGD, and fly ash, this article
could not estimate the reduction.

7 Economic Benefits

This section aims to introduce and evaluate the economic benefits of utilizing RGD based on the cost of
materials. According to the last section, due to the variety of transporting types and distances, the cost of
carrying materials was ignored in this section. Tables 7 and 8 show the price of each material and the cost
of mix designs determined in Table 5. The sources of unit prices were also mentioned in Table 7. Figure 2
also demonstrates the estimated cost of two mix designs schematically.

Table 7: Unit price of concrete mix design components

Material OPC RGD Fly ash Fine Coarse
aggregate aggregate
Unit price (CAD/kg) 0.241 0.25 0.211 0.0211 0.013!

10cean contractors: https://www.oceancontractors.ca
2 Source: www.usagypsum.com
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Table 8: Estimated cost of mix design

Cost of materials (CAD)

Material opPC RGD Fly Fine Coarse Total
ash aggregate  aggregate
Mix design1  104.4 - - 14.11 14.21 132.72
Mix design 2 33.2 14.82 41.5 12.07 154 117
140
120 -
(&)
< 80
S
8 60
a
40
20
0
OPC concrete Concrete containing RGD

EOPC mRGD mFly ash = Fine Aggregate mCoarse Aggregate

Figure 2: Estimated cost of mix designs

According to the estimated cost, 35MPa-compressive strength concrete containing RGD, OPC, and fly ash
is around 11.8 percent cheaper than pure OPC concrete. Additionally, it is anticipated that the estimated
cost will decrease by partially replacing OPC with slag since the slag is a waste of steel production and is
cheaper than OPC.

8 Discussion on The Most Appropriate Mixture

This section aims to discover the most appropriate mix for the composite containing gypsum. Based on the
literature, the strength of gypsum products in contact with water reduces between 50 to 60 percent due to
the dissolving of the contacts of the crystalline intergrowth, separation of structural elements due to the
wedging action of water films, and recrystallization process (Ahmed et al., 2011; Carvalho et al., 2008;
Kondratieva et al., 2017; Singh and Middendorf, 2007). Given this strength reduction, (Carvalho et al., 2008)
proposed a gypsum-ordinary Portland cement composite to reduce the effect of water on the strength
reduction of the gypsum composite. Accordingly, many researchers studied the gypsum composites
containing slag (Nguyen et al., 2019a), ordinary Portland cement (Hansen and Sadeghian, 2020), fly ash
(Hansen and Sadeghian, 2020), pozzolana (Mukhametrakhimov et al.,, 2019), and mine waste
(Chernyshova et al., 2020) to improve the strength of concrete containing gypsum.

According to (Chernyshova et al., 2020), adding the perlite mine waste with a specific surface area of 600
m2/kg can improve the compressive strength of gypsum composite, while the best chemical additive to the
mixture is S-3. It is worth mentioning that the chemical composition of the perlite is approximately similar
to the fly ash. On the other hand, some researchers like (Hansen and Sadeghian, 2020) used the
combination of ordinary Portland cement, fly ash, and RGD to manufacture the concrete specimens. Their
findings illustrate that RGD can act as an activator for fly ash while the combination of gypsum and fly ash
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can reduce up to 50 percent of ordinary Portland cement demand, which significantly reduces the carbon
dioxide emission of the concrete industry. Additionally, recent studies approved that adding gypsum to the
slag composite can improve the hydration reactions of slag while the dosage of gypsum is lower than 30
percent (Nguyen et al., 2019a).

Based on the above mentioned and the similarity between the chemical composition of slag and ordinary
Portland cement, it is anticipated that the combination of recycled gypsum drywall, ordinary Portland
cement, fly ash or perlite, and slag can result in concrete that can meet the concrete structural
requirement while the percent of RGD is limited to 30 percent of cementitious materials in the mixture.

9

Main Insights and Research Directions

This section discusses valuable insights based on the literature review and provides research directions for
future studies. It includes understanding the most promising research lines that can better contribute to
dealing with the open and difficult research challenges of using RGD in the construction industry. The main
insights and research directions of the literature review are:

The majority of studies examined the mechanical strengths of mixtures containing RGD. However,
these factors are the critical parameters for constructions; the durability parameters are also
significant since they are used to evaluate the lifetime of buildings. Therefore, examining the
durability parameters of the mixtures such as concrete containing RGD and the cement or plaster
and other materials which use RGD should be examined in future studies.

Despite the studies on the effect of RGD on the mechanical strength of construction materials
containing RGD, the effect of RGD on the microstructure of the construction materials such as
concrete was not fully determined. Thus, evaluating and surveying the effect of RGD on the
chemical reactions and microstructures of the construction materials can be considered as one of
the research fields in using RGD as the second-raw construction materials.

Soil stabilization is one of the main applications of RGD. However, with regard to the reaction of
RGD with the rainwater, the environmental impacts of soil stabilization with RGD should be
conclusively examined in the future.

One of the applications of RGD that has rarely been studied in the literature is using RGD as
recycled aggregates which can significantly reduce the demand for extracting the natural
aggregates. Given the fact that the source of natural aggregates will be depleted by 2050,
examining the effect of RGD as recycled aggregate can provide a new source of aggregates for
concrete manufacturers.

However, the previous studies indicate the applicability of RGD in the construction industry; the
RGD cost can significantly limit its usage. Therefore, however, this research direction is not related
to the utilization of RGD in the construction industry at first glance; investigating new approaches
to produce the RGD powder to minimize the cost of RGD can significantly expand its applications
in not only the construction industry but also other industries.

10 Conclusions

This paper reviewed the applications of recycled gypsum drywall (RGD) in the construction industry through
the literature published between 2019 and 2021. Then, the environmental and economic benefits of using
RGD as a supplementary cementitious material were determined, and the most appropriate mixture was
proposed based on the reviewed articles. The main conclusions of this study are:

RGD can be fully recycled based on the literature and used as supplementary cementitious material
and aggregate in the construction industry.

RGD can be used as supplementary cementitious material whether it is thermally treated or not.
Utilizing the RGD as supplementary cementitious materials can reduce the CO2 emission of the
concrete by at least 55.7 percent.

Employing the RGD as supplementary cementitious materials can decrease the cost of concrete
by at least 11.8 percent.
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e The combination of RGD, OPC, fly ash or perlite, and slag as cementitious materials can result in
economically eco-friendly concrete.

e Perlite mine waste can be used as a replacement for fly ash to reduce the cost of concrete
containing RGD.

e Several insights and research directions were proposed for future studies.
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