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� Five different surface treatments were applied to apricot shell.
� Surface treated apricot shells are used as aggregates for lightweight bio-concrete.
� Evaluation of treatments on physical properties of lightweight bio-concrete.
� Evaluation of treatments on mechanical properties of lightweight bio-concrete.
� Evaluation of treatment on durability of lightweight bio-concrete.
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a b s t r a c t

The effects of different surface treatment of apricot shell (AS) on the performance of concrete were inves-
tigated. Five surface treatments were used to treat the AS, including soaking AS with cement solution
(CS), waterproof agent (WP), sodium silicate (SS), white latex (WL), and coating AS with wood oil
(WO). The results showed that the WP and CS treatments improved the physical properties, mechanical
strength and resistance to magnesium sulfate of apricot shell bio-concrete (ASC). The WP treatment
increased the density and decreased the porosity and water absorption of concrete. The compressive
strength, splitting tensile strength, flexural strength, modulus of elasticity of the WP treated bio-
concrete improved 9.3%, 16.3%, 15.1% and 19.2%, respectively, compared to the untreated mixture. The
SS and WL treatments had a negligible influence on the performance of ASC. However, the WO treatment
significantly increased the porosity, which resulted in a reduction in mechanical properties and resis-
tance to magnesium sulfate. The WP and CS treatments enhanced the resistance to magnesium sulfate
of ASC. It is concluded that the AS treated with waterproof agent is an effective method to enhance both
the mechanical properties and durability of the developed lightweight bio-concrete.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Apricot is one of the most cultivated fruits around the world,
especially in Asia and Europe [1]. In 2014, the output of apricot
in China was 2.68 million tons [2]. By 2015, the cultivated area
of apricot reached 0.55 million hectares and the output was 3.13
million tons [3]. Apricot shells (AS) are an agricultural waste
resulting from the processing of apricot. Currently, the recycled
AS is mainly used as a raw material for activated carbon to remove
pollutions from wastewater [4,5], a potential fuel for clean energy
in small-scale fruit industry [6], or a low-cost soil amendment to
improve soil fertility [7]. For reducing the consumption of natural
aggregate and achieving sustainable development of concrete, var-
ious wastes are applied as ingredients for the production of eco-
friendly concrete, such as wood [8], oil palm shell [9], coconut shell
[10], etc. Because of the lightweight and high stiffness properties of
the AS, it is also used as aggregates to produce structural light-
weight concrete [11]. Yildiz et al. [12] reported that the oven-dry
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Fig. 1. Particle size distribution of apricot shell and river sand.
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density of concrete containing 40% AS was 1840 kg/m3, which
reduced the density by 23.3%, compared to the ordinary concrete
of 2400 kg/m3. The use of AS as alternative aggregates in concrete
can contribute to eco-friendliness and low-cost due to its renewa-
bility [11].

The performance of concrete also is strongly related to the char-
acteristics and loading-carrying capacity of the used aggregates
[13]. The porous nature of the AS and the surface smooth textures
result in the weak bond between the AS and the surrounding mor-
tar [11]. Moreover, the biological degradation feature of AS also
affects the long-term performance of concrete [14]. This is mainly
because the organic material is composed of cellulose, lignin and
hemicellulose, such as wood, bamboo and oil palm shell, which
can easily decomposed [15], resulting in the increase of brittleness
and decrease of mechanical strength over time. Besides, the sugar
leached from the organic material also affects the cement hydra-
tion and microstructure [16] and weakens the bond between the
organic aggregate and the mortar [17]. Therefore, the porous nat-
ure of the AS and the weak bond in the interfacial transition zone
(ITZ) are considered as one of the main factors that influence the
performance of concrete containing AS. For the porous AS aggre-
gate, to improve its surface properties and increase its adhesion
to the mortar interface, surface treatment of organic aggregates
should be considered.

Su et al. [18] reported that the service life of preservative-
treated wood can be extended by 5–20 times. Compared to
untreated wood, the durability, weathering resistance as well as
dimensional stability was also improved. Considering organic
aggregates, heat treatment and soaking with chemical solutions
are common method to improve the surface properties of aggre-
gates. Although heat treatment can significantly increase the bond-
ing ability of the organic aggregate and mortar interface by
pyrolysis of organic components [17,19], the pyrolysis process pro-
duces CO and NOx [6], and heat treatment also requires energy.
Therefore, treating organic aggregates by various chemical solu-
tions has received more attention.

Generally, these chemical solutions include alkaline solutions
[20], polyvinyl alcohol [21], cement paste solution [22], wood oil
[23], sodium silicate [24] and waterproof agents [25] etc. Surface
coating treatment may improve the mechanical properties and
resistance to chemical attack of concrete by forming a film on
the surface of aggregates [21], which reduces the moisture transfer
through porous organic aggregates [26] and prevents the leaching
of sugar. Moreover, coating treatment increased the rigidity of the
wood and enhances its resistance against insect and fungal attack
[22]. Thong et al. [13] reported that the dispersion effect of polyvi-
nyl alcohol may alter the flocculation state of the mortar near the
aggregate surface through preventing the formation of a porous
layer in the ITZ, which leads to a denser aggregate-mortar inter-
face, and subsequently decreased water absorption of concrete.
Coatanlem et al. [24] reported that sodium silicate treated wood
chippings improved its adhesion to mortar. The addition of the
waterproof agent in concrete can reduce its water absorption
[25] and increase its mechanical properties and resistance to salt
frost [27]. Therefore, the surface treated aggregate not only
increases the mechanical properties of concrete but also improves
the durability.

Previous studies about ASC focused on mixing proportion, fibre
reinforcement, and bonding ability between the mortar and the AS
Table 1
Composition of cement (wt%) [17].

Oxides CaO SiO2 Al2O3 Fe2O3 S

Cement 68.3 16.2 2.8 3.6 3
[11,12,14,17]. To apply apricot shell bio-concrete (ASC) in con-
structions and buildings, suitable surface treatment method for
apricot shell (AS) should be investigated. In this study, the effects
of different surface treatment of AS on mechanical properties and
durability of concrete were investigated. Five surface treatments
were used to treat the AS, including soaking AS with cement solu-
tion (CS), waterproof agent solution (WP), sodium silicate solution
(SS), white latex solution (WL), and coating AS with wood oil (WO).
The properties of the treated AS, the physical properties, mechan-
ical strength and long-term resistance to magnesium sulfate attack
of ASC were investigated.
2. Materials and methods

2.1. Materials

The cement used was Type I 42.5 grade Portland cement (Southwest Cement
Company, Chengdu, China). The composition of cement is shown in Table 1. The
specific density and Blaine specific surface area were 3.14 g/cm3 and 3532 cm2/g,
respectively.

Because the particle size of the apricot shell (AS) is usually about 15 mm, it is
difficult to obtain a large-sized AS [28]. Moreover, the shape of the large-sized AS
is flatter than the small particles, which affects the fluidity and mechanical
strength of concrete [29]. Therefore, the AS with a maximum size of 4.75 mm
was used for the aggregates, which was obtained from local fruit processing
plants (Sichuan, China). After crushing, they were first washed to remove dust
and other wastes, and then air-dry before surface treatment. The particle size dis-
tribution of the aggregate is shown in Fig. 1. The specific density of AS was
1.42 g/cm3, the bulk density was 610 kg/m3 and the 24-h water absorption was
15.2%. The AS and its microscopic image is shown in Fig. 2. The results show that
the AS is flaky, coarse with irregular edges, the inner concave surface shows a
smooth texture, while the convex surface rough. Besides, many micropores are
present on the surface, which results in the lightweight and high water absorp-
tion of the AS.

The sand was obtained from Guanghan town in Chengdu Plain, China, which
was river sand. The specific density, bulk density and 24 h water absorption of sand
were 2.58 g/cm3, 1569 kg/m3 and 1.2%, respectively. The fineness modulus of sand
was 2.89, which is a medium grain sand according to GB/T14684-2011.

The water used was tap water, and a superplasticizer (b-naphthalene sulfonic
acid-formaldehyde condensate) was added in all mixes to improve the workability
of fresh mixture. The dosage of the superplasticizer was 1 wt% of cement content.
O3 MgO Na2O K2O Ti2O LOI

.1 1.1 0.1 0.5 0.4 2.5



Fig. 2. Apricot shell and its microscopic image [11].
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2.2. Methods of treatment

The schematic diagram of the surface treatment of AS is shown in Fig. 3. A total
of five surface treatments were used for improving the surface properties of AS. The
duration of AS treated with different treatments was 24 h at room temperature, and
then the treated AS (except wood oil treatment) was removed from the solution.
The AS surface was air dried prior to the application.

Cement solution (CS) treatment: The cement used to prepare the cement solu-
tion is the same as that used for the specimen preparation, that is, the Portland
cement of Type I 42.5. The mass ratio of cement to water was 1:5. After the cement
solution was prepared, AS was submerged in the solution for 24 h. To uniformly dis-
perse the cement in the solution, the upper solution was continuously stirred using
a small electric mixer.

Waterproof agent (WP) treatment: AS was immersed in a 10% waterproof agent
solution (Shanghai Xuanhong Waterproof Technology Co. Ltd., Shanghai, China). AS
treated with the waterproof agent may reduce its water absorption, which is ben-
eficial to reduce fungal growth and decay rates, ultimately improving the properties
of AS [30].

Wood oil (WO) treatment: The surface of wood treated with wood oil can
improve its antifungal decay and anti-corrosion properties, ultimately increasing
the service life of wood [31]. In this study, the surface of AS was coated with
wood oil (Anhui Dizhi Chemical Technology Co., Ltd., Anhui, China) with a brush,
and then air dried at room temperature. The dosage of wood oil was 10% of AS by
weight.

Sodium silicate (SS) treatment: AS was immersed in a sodium silicate (Tianjin
Dingshengxin Chemical Industry Co., Ltd., Tianjin, China) solution with a concentra-
Fig. 3. Schematic diagram of the surface treatments of apricot
tion of 120 g/L. Sodium silicate (Na2O�nSiO2) is a liquid colloidal solution with
cementation ability, which can react with carbon dioxide and harden in air, the pre-
cipitated silicic acid gel can block the capillary pores of the material, preventing the
penetration of moisture. The reaction formula is [30]:

Na2O � nSiO2 þ CO2 þmH2O ¼ Na2CO3 þ nSiO2 �mH2O ð1Þ
White latex (WL) treatment: The white latex (Hefei Daochou Co., Ltd., Anhui,

China) was diluted to a concentration of 12% by mixing with warm water. After
that, the AS was poured into white latex solution and soaked for 24 h.
2.3. Specimen preparation and test method

450 kg/m3 cement, 780 kg/m3 sand, 330 kg/m3 AS and 0.35 water-cement
ratio were chosen the proportion of concrete, which referred to the technical
specification for lightweight aggregate (JGJ-51-2002) [33] and the mix proportion
of peach shell concrete [34]. AS without any surface treatment was also prepared
for comparison purposes. The mixing methods of concrete are shown in Fig. 4. The
wet mixing method was adopted for soaked aggregates because they have a sat-
urated dry surface after soaking. The dry mixing method (JGJ-51-2002) was used
for wood oil treated aggregates due to they have a dry surface. After mixing, the
fresh concrete was poured into the mould and compacted on a vibrating table.
Then the specimen surface was covered with a plastic film and stored in the lab-
oratory. After 24 h, the specimen was demoulded and cured in water until the test
age.
shell (a) Soaking treatment and (b) Wood oil treatment.



Fig. 4. Mixing methods of concrete (a) Soaked aggregates in solution and (b) Aggregates coated with wood oil.
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The bulk crushing strength and water absorption of AS before and after treat-
ment was determined according to EN13055-2:2004 and EN 1097-6, respectively.
A total of 198 cube specimens (100 � 100 � 100 mm3) were used for density (ASTM
C138/C138-14M), porosity and water absorption (ASTM C642-13), compressive
strength and splitting tensile strength (GB/T 50080-2016), resistance to magnesium
sulfate attack test (GB/T 50082-2009). The same batch of the cube specimen was
used to measure density, water absorption and porosity. A total of 18 beams
(100 � 100 � 400 mm3) and 18 cylinders (U100 � 200 mm) specimens were used
for the flexural strength and modulus of elasticity test (GB/T 50080-2016), respec-
tively. A 4% magnesium sulfate solution was used for sulfate resistance test, which
was replaced once a month by the new magnesium sulfate solution to ensure the
same concentration. The average value of the three tests was used for the result
analysis.

3. Results and discussion

3.1. Properties of the treated aggregates

The surfaces of the apricot shell (AS) before and after treatment
are shown in Fig. 5. The colour of AS treated with the waterproof
agent (WP), white latex (WL) and coating the wood oil (WO)
turned from pale yellow to light brown. After sodium silicate (SS)
treatment, a dark brown color was observed on the AS surface.
As shown in Table 2, the bulk crushing strength of AS treated with
WO increased more than other treatments. This can be explained
by a thicker oil film formed on the AS surface than other treat-
ments [35]. The water absorption of WO treatment decreased by
9.2%, compared to the untreated AS. AlthoughWO can significantly
improve the biodegradation properties [30] and reduce the water
absorption, it is hydrophobic that may affect the bond between
the treated aggregate and mortar.

The results also showed that all treatments slightly increased
the mass of AS and decreased the water absorption. This is attrib-
uted to the precipitation of the solute and the formation of a thin
film on the surface [36]. Although the surface treatment does not
have a significant influence on the water absorption and strength
of the single particles, it may affect the interface between the trea-
ted aggregate surface and the mortar [13]. When the cement was
deposited on a smooth surface of the aggregate, it can increase
the surface roughness and improve the mortar bond with the
aggregate [37]. Moreover, the surface treatment such as SS treat-
ment can also enhance the resistance against fungi attack of
organic aggregates [24].
3.2. Physical properties of concrete

3.2.1. Density
The density of concrete is shown in Fig. 6. The WO treatment

slightly decreased the density of concrete, while other treatments
increased the density. The AS treated with wood oil had a mini-
mum oven dry density of 1724 kg/m3, which was reduced by
28%, compared to normal density concrete of about 2400 kg/m3.
This because the WO is a hydrophobic material that may influence
the bond between the AS and the mortar and increase the porosity
of concrete [35]. The oven dry densities of all apricot shell bio-
concrete (ASC) in this study were less than 2000 kg/m3, which all
within the range of lightweight concrete according to the EN Stan-
dard (EN206-1).
3.2.2. Water absorption
As shown in Fig. 7, the water absorption of ASC increased with

time. The WO treatment increased the water absorption of con-
crete, while the other treatments slightly decreased the water
absorption. The 24-h water absorption of WP treatment was
7.2%, which was reduced by 8.9% compared to the untreated AS.
This can be explained by the fact that the silicone waterproof agent
precipitates on the capillary surface of the aggregate, which forms
a water resistant layer [38]. Generally, the water absorption of con-
crete increases as the percentage of voids in the interfacial transi-
tion zone (ITZ) increases [39]. When the bond ability of the
aggregate-mortar interface is weaker, the water more easily trans-
ports along the interface by diffusion or capillary action [40]. Liu
et al. [41] reported that the addition of the waterproof agent in
ordinary concrete significantly enhanced the impermeability and
mechanical strength of concrete due to the formation of hydrated
calcium silicate near the cracks, which blocked the cracks and cap-
illaries of concrete. Therefore, the WP treatment is appropriate to
reduce the water absorption of concrete.
3.2.3. Porosity
When external water enters the concrete through the open

pores, the harmful ions dissolved in the water such as chloride, sul-
fate, magnesium will cause the dissolution of hydroxide and cal-
cium ions, which results in the degradation of concrete [42]. The



Fig. 5. Apricot shell surface before and after treatment.

Table 2
Properties of the treated apricot shell.

Mix code Treatment method Strength ratio before and after treatment Mass ratio before and after treatment Water absorption capacity at 24 h (%)

N No treatment 1 1 15.2
CS Cement solution 1.012 1.023 14.9
WP Waterproofing agent solution 1.009 1.011 14.2
WO Wood oil 1.018 1.017 13.8
SS Sodium silicate solution 1.006 1.014 14.8
WL White latex solution 1.002 1.009 15.0

Fig. 6. Density of concrete.
Fig. 7. Water absorption of concrete.
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porosity of concrete is shown in Fig. 8. Similar to the water absorp-
tion, the WO treatment slightly increased the porosity of ASC due
to the presence of the hydrophobic oil film. However, the other
treatments slightly reduced the porosity, especially for the CS
and WP treatment. This may be attributed to the increase of bond
capacity and interface strength of the treated aggregate by coating
with waterproof agent [43] and cement paste [37].



Fig. 8. Porosity of concrete.
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3.3. Mechanical properties

3.3.1. Compressive strength
The compressive strength development of concrete is presented

in Fig. 9. The results showed that the WP and CS treatments
increased the compressive strength of ASC at all curing age and
the 28-day compressive strength increased by 9.3% and 8.2%,
respectively, compared to the untreated AS. The WO treatment
decreased the compressive strength at 28 days by 13.2%. This indi-
cated that although the WO treatment could significantly reduce
the water absorption of the AS aggregate and improve its decay
potential, the treatment of the AS with wood oil increased the
porosity of concrete due to the presence of hydrophobic oil film
[22,35]. Previous studies [24,44] reported that the mechanical
properties of wood treated with sodium silicate were enhanced
because the ettringite was formed on the surface of the treated
wood due to the presence of sodium. In this study, the SS treat-
ment slightly improved the compressive strength of concrete.
The addition of latex in pervious concrete can reduce the perme-
ability of pervious concrete and increase mechanical strength due
to the formation of a latex network structure [32]. However, the
WL treatment had a negligible effect on the compressive strength
of ASC.

Generally, the weak bond between the organic aggregate and
the mortar is one of the main limiting factors for using the organic
aggregates in concrete [13,21,45]. As shown in Fig. 10, the obvious
cracks were observed at the interface between the untreated AS
Fig. 9. Development of compressive strength of the tested concretes.
and the mortar, and the microporous structure on the untreated
AS surface was visible. However, when the AS aggregate was trea-
ted with waterproof agent, it had better surface characteristics and
a good bond to the mortar interface, and no micropores were
observed on the surface. Therefore, the WP treatment is a good
method to improve the surface characteristics of the AS aggregate
and enhance the adhesion to the mortar.
3.3.2. Splitting tensile and flexural strength
As shown in Table 3, the WO treatment reduced the splitting

tensile strength and flexural strength of ASC, and other treatments
increased the splitting tensile and flexural strength. The splitting
tensile strength and flexural strength of the WP treatment
increased by 16.3% and 15.1%, respectively, compared to the
untreated AS. This may be attributed to the fact that the water-
proof agent promotes the hydration of the unhydrated cement
and produces more hydration products, which reduces the porosity
and improves the compactness of concrete [46].

The relationship between compressive strength and splitting
tensile strength and flexural strength are shown in Fig. 11. Com-
pared to concrete made of coconut shell [21] and oil palm shell
[45], at the same splitting tensile and flexural strength condition,
the compressive strength of ASC was better than that of coconut
shell concrete and lower than that of oil palm shell concrete. The
WP treatment had the highest splitting tensile strength and flexu-
ral strength, which meets the requirement of the minimum split-
ting strength of 2 MPa for structural lightweight concrete [47],
and can be used as the aggregates for the production of structural
lightweight concrete.
3.3.3. Modulus of elasticity
The modulus of elasticity of ASC ranged between 9.7 GPa and

12.4 GPa. Compared to the untreated AS, the modulus of elasticity
of the WP and CS treatments improved by 19.2% and 16.3%, respec-
tively. The WO treatment reduced the modulus of elasticity, the SS
and WL treatments had a negligible influence on the modulus of
elasticity. The improvement in the bond between the aggregate
and the mortar is beneficial for the modulus of elasticity [48].
The CEB/FIP manual specifies that the modulus of elasticity of
lightweight concrete is usually between 10 GPa and 24 GPa [49].
The modulus of elasticity of ASC is within the range of modulus
of elasticity of lightweight concrete, except for the WO treatment.
3.4. Resistance to magnesium sulfate attack

3.4.1. Weight loss
The change in the weight loss of ASC exposed by magnesium

sulfate solution is shown in Fig. 12. The results indicated that the
weight of concrete decreased over time, and the WP and CS treat-
ments improved the resistance to magnesium sulfate of concrete
and reduced the weight loss of concrete. The weight loss of the
WP and CS treatments after sulfate attack for 180 days was 0.83%
and 0.8%, respectively, and the mass loss was reduced by 7.8%
and 11.1%, respectively, compared to the untreated AS. This may
be attributed to the WP and CS treatments that reduce the porosity
of concrete because of the block of the capillary pores, which
reduces the uptake of water [50]. The linseed oil as a water repel-
lent was added to the mortar, which increased the resistance to
freeze-thaw of the mortar because of the presence of large spher-
ical pores, which hindered the development of cracks [51]. How-
ever, the weight loss of the WO treatment after the sulfate attack
for 180 days was 0.92%, which reduced the resistance to magne-
sium sulfate of concrete because the oil film on the AS surface
increased the porosity of concrete.



Fig. 10. Microscope image of concrete containing untreated (left) [17] and treated with waterproof agent (right) aggregate.

Table 3
Splitting tensile and flexural strengths and modulus of elasticity of concrete.

Mix
code

Splitting tensile
strength (MPa)

Flexural strength
(MPa)

Modulus of
elasticity (GPa)

N 2.21 ± 0.14 3.65 ± 0.22 10.4 ± 0.4
CS 2.43 ± 0.15 3.97 ± 0.20 12.1 ± 0.5
WP 2.57 ± 0.17 4.20 ± 0.24 12.4 ± 0.3
WO 1.91 ± 0.20 3.24 ± 0.25 9. 7 ± 0.5
SS 2.31 ± 0.16 3.82 ± 0.23 10.6 ± 0.4
WL 2.30 ± 0.13 3.72 ± 0.29 10.3 ± 0.3

Fig. 11. Relationship between compressive streng
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3.4.2. Compressive strength loss
As shown in Fig. 13, the compressive strength of ASC gradually

decreased over time and the WO treatment had the highest com-
pressive strength loss after sulfate attack for 180 days, which was
decreased by 33.7% compared to the untreated AS. This may be
attributed to the fact that porosity is one of the main factor influ-
ence the mechanical strength and durability of concrete [52]. The
WO treatment increased the porosity of concrete, which led to an
increase in the compressive loss of concrete because of the forma-
th and splitting tensile and flexural strength.



Fig. 12. Weight loss of specimens exposed by magnesium sulfate solution.

Fig. 13. Compressive strength loss of specimens exposed by magnesium sulfate solution.

Fig. 14. Relationship between weight loss and compressive strength loss.
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tion of thaumasite and gypsum caused by magnesium sulfate
attack [53]. The weight loss and compressive strength loss of coco-
nut shell concrete after magnesium sulfate attack for 120 days
were 1.3% and 19.8%, respectively [21]. The compressive strength
loss of the WP and CS treatments were 12.3% and 11.6%, which
was decreased by 24.5% and 28.8%, respectively, compared to the
untreated AS. Generally, the improvement in the adhesion of the
interface between the treated aggregate and the mortar [46],
reduces the porosity of concrete and the amount of deleterious
ions entering the interior of concrete, increasing the chemical
resistance of concrete [54].

The relationship between weight loss and compressive strength
loss is shown in Fig. 14. The results showed that the compressive
strength loss of ASC increased with the increase in weight loss.
Compared to the untreated AS, the CS and WP treatment had a
lower slope value, while the WO treatment had a higher slope
value. There is no significant difference in the slope value of the
SS and WL treatments. This indicated that the compressive
strength loss of the WL and CS treatments was lower under the
same mass loss conditions, while the compressive strength loss
of the WO treatment was greater, compared to the untreated AS.
The WP and CS treatments can improve the resistance to magne-
sium sulfate of ASC.

When concrete is exposed to a chemical solution, cracks or
voids appear at the aggregate-mortar interface and the surface of
the mortar, leading to performance degradation of concrete
[36,55]. As shown in Fig. 15, many microscopic cracks appeared
on the mortar surface of ASC after immersion in magnesium sulfate
solution for 180 days, which caused a reduction in the compressive
strength.



Fig. 15. Microscope images of concrete before (left) and after (right) immersion in magnesium sulfate solution for 180 days.
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4. Conclusions

In this study, apricot shell (AS) treated with different surface
treatments were used as the aggregates for the production of struc-
tural lightweight concrete. Cement solution (CS), waterproof agent
(WP), wood oil (WO), sodium silicate (SS) and white latex (WL)
were used to treat the AS aggregate. The physical and mechanical
properties and the long term resistance to magnesium sulfate
attack of apricot shell based lightweight bio-concrete were investi-
gated. The following conclusions can be obtained:

1. The AS is porous and lightweight. The WO treatment and other
treatments increase the strength and the mass of the AS and
reduce the water absorption. The water absorption of the AS
treated with wood oil reduces by 9.2%, compared to the
untreated AS.

2. The WO treatment decreases the density and increases the
porosity and water absorption of concrete. While other treat-
ments slightly increase the density and decrease the porosity
and water absorption of concrete, especially for the WP treat-
ment. The 24-h water absorption of WP treatment is 7.2%,
which reduced by 8.9%, compared to the untreated AS.

3. The WP and CS treatments significantly improve the compres-
sive strength of apricot shell bio-concrete (ASC) at all curing
age, and the 28-day compressive strength increases by 9.3%
and 8.2%, respectively, compared to the untreated AS. The WO
treatment decreases the compressive strength by 13.2% at
28 days. The SS treatment slightly enhances the compressive
strength. However, the use of WL treated AS has a negligible
influence on the compressive strength of concrete.

4. The WO treatment reduces the splitting tensile strength and
flexural strength of ASC, and other treatments increase the
splitting tensile strength and flexural strength. The splitting
tensile strength and flexural strength of the WP treatment
increase by 16.3% and 15.1%, respectively, compared to the
untreated AS. The AS treated with the waterproof agent is rec-
ommended for the production of structural lightweight
concrete.

5. Compared to the untreated AS, the modulus of elasticity of the
WP and CS treatments improves by 19.2% and 16.3%, respec-
tively. The WO treatment decreases the modulus of elasticity,
the SS and WL treatments have a negligible influence on the
modulus of elasticity.

6. The WP and CS treatments improve the resistance to magne-
sium sulfate. The weight loss and compressive strength loss of
the concrete with WP and CS treatments after sulfate attack
for 180 days are reduced by 7.8% and 11.1%, 24.5% and 28.8%,
respectively, compared to the untreated AS. However, the WO
treatment reduces the resistance to magnesium sulfate attack
of concrete.
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