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ABSTRACT: In recent years, autoclaved aerated concrete (AAC) has been widely used in the building Review History:

construction industry, especially for the construction of infill walls. However, the AAC suffers from several ~ Received: Apr. 27, 2021
drawbacks such as low compressive and tensile strength, high water absorption as well as insufficient Revised: Jun. 20, 2021
resistance against impacts. To address such issues, this study evaluates the mechanical properties of Accepted: Oct. 08, 2021

the AAC blocks in which, the cement has been replaced with nano-graphene. For this purpose, various Available Online: Nov. 06, 2021
replacement ratios (0.2, 0.4, and 0.8) were selected and different tests such as compressive and tensile

strength (cylindrical specimens with the size of 10x20cm), impact resistance and water absorption Keywords:
(cubic specimens), scanning electron microscope (SEM) and X-ray diffraction (XRD) were carried out. Autoclaved
Promisingly, the results indicate that incorporation of the nano-graphene improves the compressive and (AAC)

tensile strength as well as the impact resistance by 45, 81, and 130% compared to the control specimen. Nano-Graphene
Moreover, the water absorption of the specimens was reduced up to 61%. Based on the SEM results, the
inclusion of the NG in the AAC, makes the grains stick together firmly and also, downsizes the grains
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1- Introduction

Gypsum plaster can be considered an environmentally
friendly material and has low energy consumption for
production. The slaughter temperature for gypsum plaster is
in the temperature range of 125 to 180 degrees Celsius. At
this temperature, water vapor disappears and carbon dioxide
is released from the material due to the heat of the furnace
[11]. During the production and use of gypsum plaster in
urban construction, a large amount of gypsum plaster waste
(GPW) is produced. GPW is an inactive substance that has
the potential to contaminate groundwater. Under anaerobic
conditions, the sulfate in the landfill, which causes a bad odor
for staff and residents around these neighborhoods and also
rusts the pipes, can be converted to hydrogen sulfide (H2S)
[12-15]. GPW can be reused or recycled because it has the
same function compared to the original gypsum plaster [16,
17]. Killing GPW requires little Word energy. Suarez et al.
Showed that the energy used for the gypsum recycling process
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is 65% less than that used to obtain natural gypsum [18].

2- Methodology

In this research, commercial gypsum plaster (CGP),
recycled gypsum plaster (RGP), RC, PW and water from the
municipal water supply system were used. RC used in this
research is a combination of red body ceramic tile waste.
This substance was used without any changes. PW was
supplied from the waste of porcelain factories. This material
was crushed and ground to obtain a soft powder, then sieved
until 95% of it passed through a 45 um sieve, and finally a
homogeneous powder was obtained. CGP was used without
any changes. RGP, produced by local construction companies,
was collected and dried in the sun to remove moisture, then
crushed by hand with a mortar. The material was then milled
by a hammer mill and formed into particles less than 3
microns in size. The resulting powder was calcined (killed) in
a dryer at constant temperature (150 °C) for 1 hour.
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Table 1. Mix Design of the AAC Blocks (kg/m3)
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Fig. 1. Stress-Strain Curve of the Specimens

Table 2. The values obtained from Stress-Strain Curve

Modulus of elasticity (MPa/mm)  Energy Dissipation (N/'mm) Length reduction (%)
REF. 19.1 2.11 1.13
GP-0.2 6.37 2.61 1.35
GP-0.4 1.59 2.92 1.27
GP-0.8 0.54 2.98 1.72

3- Results and Discussion
3- 1- Setting time

The results show that RC and PW delayed setting time.
These results are consistent with the results obtained by
Khalil et al. Longer setting times occur in samples with
RC or PW because these mixtures have a small amount of
viscous substance that can react with water, resulting in
slower reaction progress. The results show that the effect of
increasing lesions on CGP uptake is greater than RGP. In both
types of gypsum, RC increases the setting time at a higher
rate than PW. In all mixtures, the sensitivity of this effect to
the initial setting time was higher than the final setting time.
The final setting time of mixtures with recycled gypsum
plaster and waste (RGP RC and RGP PW) was very close
to the final setting time of mixtures made with only recycled
gypsum plaster (RGP).

3- 2- Mechanical properties

Compressive strength results show that CGP had the
highest results in terms of compressive and flexural strength
at all times. The mechanical coordinates of CGP were higher
than RGP, which Bardella and Camarini observed in molds
without any loading pressure. The addition of compressive
strength lesions reduces CGP samples [17]. At 28 days, CGP
RC and CGP PW compressive strength decreased by 52.2%
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and 58.3% compared to CGP, respectively. The results were
consistent with the results of Ayres et al. And San Antonio
Gonzalez et al., Who reported that the strength of gypsum
plaster composition decreases with the addition of waste
[5]. The results showed that adding lesions to RGP did not
cause a significant change in compressive strength. The 28-
day compressive strength was between 12 MPa and 35 MPa.
The compressive strength results of RGP RC in 28 days were
slightly higher than the results obtained by Sen Antonio
Gonzalez et al. [5] from gypsum composites containing RC
and also higher than commercial gypsum plaster (CGP).

3- 3- Absorption of the total water and its disposal

The results of total water uptake and desorption at 28
days showed that CGP samples molded by pressing pressure
had lower water uptake and desorption before initial setting
compared to CGP, which was made without any pressing
pressure.

4- Conclusion

In this research, gypsum mixtures (commercial and
recycled) using industrial waste (RC red ceramic and PW
porcelain waste) to produce building components were
investigated. Mixtures with 50% by weight of adhesive and
50% by weight of waste with water / solid mass ratio were
considered 0.22. Prior to setting, uniaxial loading pressure
was used to mold the components. Compacted mixtures had
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better mechanical performance and less porosity compared to
conventional gypsum. Microstructural analysis showed high
correlation between gypsum crystals. The addition of waste
resulted in longer clotting time. In commercial gypsum plaster
samples, the addition of waste resulted in less compressive
strength, although when recycled gypsum plaster was used,
the reference samples showed similar results to the samples
made from the waste. The 28-day compressive strength was
between 12 MPa and 35 MPa, which provides a favorable
outlook for waste recycling. The results show that it is
technically possible to produce an environmentally friendly
material with good mechanical performance in which
recycled gypsum plaster and waste are used. The production
of gypsum-based construction components using uniaxial
molding loading pressure prior to the initial setting can be an
environmentally friendly option for large amounts of gypsum
plaster, RC and PW waste.
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Fig. 2. autoclaved aerated concrete production stages
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Fig. 3. Image tests in the Preheating hall
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Table 2. Cement's physical analysis

owbosl gy AL, o luiliw!  olpl YAR o oylailin]  iwlesl gl ooyl z
¥a. YA Jilas YA+ Jsloo Y00 (P55 3 yoo s5lw) yuls pdans
ra) oI5 iSlas A gSlos -|-¥F (0 39) PISg51 Siwlo 3T
Ol oigw ol
vay Ve Jslos O sl VEO (ain80) adgl
yay 0 Sl 5 Sl ¥/¥£0 (et p) 2l
(&0 yhoilw 2 p,59lS) (5,Lid Caoglito
yay - - - 0395 )
ray - - - 059, ¥
ray VW Jslas Voo Jilos YFO 039, ¥
yay Yo- Jilas WO Jslas - 0395V
yay Yo. Jslas 10 Jslas 1 0395 YA
(5 2 6AY) gl yoms Ol
vaf - - - 3TIR4
Yaf - - - 239, YA

Yive



VA0 B YA dsio VF+) Jlo & o)loud F 0)93 S sl lpos cwigee 4 s

s Glowws (slond FIUT.Y Jos

Table 3. Cement chemical composition
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Fig. 4. Nano-graphene used
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Table 4. Nano-graphene properties

CAS 1034343-98-0
Stock No. GP7
SF9se Jse oS
(s 2055 ¥ 039 1Y/
Jseo 2%
X, olew
S39l58590 O gy, A gy
oY olass Y
(fogil) lawsgie Cualses |
(Freg,550) (el wm o
(e 2 @y 7o) gho coles A-b.
(2o,0) Sl 0
(2o ,8) ST oo <)
(ID/IG) _ais coms +|5¥
dlas lade asl gl o0 lo 4 Sl o puSio 2y LIS £ )b 23,5 solatwl oss 9MS g3l

P puSen Sl g b adS wils @glate adiges o LMS] 13 39590
coalo 5 dag B a5 piman 508 OBl iy clagle Brae Soh LU g)b -V ¥
1> Mo oS elisy) 5148 sl ol o oISl lolon S (glacSyly oMb 0y) aaSo oy 53 00 g ol IS 25l 0 Jgax 5

et il il YD 395§ s g on iy JBL Gy gy ST B3 ladised gl as g clo LS ol galls” ol
125 o Ko g 0k i Sob ol gd 5 and el i g j L9 A0 0 e Dl SIS (S D el (590 (o8 S

015 03liz) 35l (£lntigns Al & dorgs b ysliio s dgyse Jlgw 2 9T SEOAE LB 013 gl blga Ko slaS5l

yiv



VA0 B YA dsio VF+) Jlo & o)loud F 0)93 S sl lpos cwigee 4 s

(S o 2 0 )59kS) o WS 531 l5l92 S S5y LIS 2,1 .0 g

Table 5. Mix design of the AAC blocks (kg/m3)
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Table 6. Summary of experiments
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Fig. 5. Process of compressive strength test
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Fig. 6. Stress-strain curve of the specimens
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Table 7. The values obtained from Stress-Strain Curve
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Table 8. Compressive strength values (MPa)

Vaigad Vaiges Yaigal Faigel Oaigel gl Dlslanl Sl
REF. Al \ig. Vo0 Vg ) <\Y /8y
GP-0.2 \/V¥ VIV VIEA \/va VIAY QAYd AN
GP-0.4 Y[+ Y/ Y Y/Y- Y/EF L IFE YIY
GP-0.8 Y/f\  Y/¥O YA Yd- Y. Jf- Y/PY

YoxVe alol 4 3plibisl slalginl o318 B o ladigel g oo
@ 2l Jpame (F9)0 Cush) (e sl g 00 @Bl eyt il
5 5esS 53 dapd Ve slod 3 badiges csls FA dgas (S 159 45
BU1 glod 4y oy U (505 jgun g Wndiged (50 D yus (gly .08 S
Lo (505 )3 c6ysh Jldlo )3 e Sl Sl oS5l > 4
Sg03 5l S pgai V¥ ISS 505 ioles] godlel landiges o] 5 s g Lo
439? QL@: PRE A ul**’ l) WS C;\A9Liin d.uLo)i ‘nl:>;.§| o> L;‘a\.?]f.wl
ObL s L D905 o8 (dilS Cooglie 4y dngi b 29 o alas Mo a5
OS5 sols diged ;0 Lol o adlSs Mals O o 80 Cjguo Ay Cnd
MOL{Q}‘M‘&_{%{d‘}?l)ﬁuﬁdwwdéﬁ%)@]wﬂ
Sgbiged s 93 5 005 Sy BISE o B Lnkiges
dpdigal (olos 3 (23S Cuoglio Gialojl (L ) Grimon
Jimsd LodsS bawgs baige ghaite o 53 osd Sbo] S5 oys
5 GP-0.4 «GP-0.2 wals cladigs p» S5 oye b 5 pSojll
oyl A3l o yio oo <10 g +/AD NNV ND ply s 4 GP-0.8
bul 45 bgsye 45 0l M1 Jolen S slacSsl Ml 31 (S
9 S 9 ool SaS a wo3gs |pl g (abdion g AT s 3 Sy
20y3 3 i b g gy Ol bl b Glyie (wiomen 03,5 &y
55 S Uoye b bS5 4y oSl LT )b 5 3,55l 5l eslizl
e il 38l do > G (kS Canglie il pss Mgy A IS5 4o
LsMo oS jslalan Cunl 0 00> Lt Ssly a5 5 ol Sel
GP- 3 GP-0.4 «GP-0.2 wals ladiges oS coglio 34 o0
Adbe JKbBe <AV 5 /8N f0F /YA ol g o4 0.8

lgn S Sl a5 &0 S 39581 b o8 S lgicee ol

8L e 655l

Coglio pdlie odel Cavd 4 ol 5l g Sy g byl Hebaie @
03,51 A Jgiz 3 SISl s S & ladiged (oles (5)ltd
ladiges ool 3 (6)Uid Canglito 55 o 00lie 4 jslailan sl 005
plsl <> Sily gsse cnl 45 wsal Cusd &y BB i 25
Cuoglie lgis &y palio Sbo Colgs )0 Wil o bdiges Cile ol pe
2035 Ll oLz

SBSeL ol sladisel @lS g9y 2 e @b e GBln b
Sy oads o Mgl Jhlgn Suw S'ely sladiged (g5lid Cuoglio g o
5 6olid Canglio Jolee iy 4 X 5 Y) Y=0.017X*H b,
Ri=e A 5y cops b (idlpe S0 51 oalisel so)
LMS] o el By (oolpiy alasly 45 355 > dgad sinisie
Dy dalgs Sbi BB alie pl ) ondd eolatl

2 &ly ol (i &858 bawgs 0ad and 9l dlge Sl 4 a2 L
Q) Cunl ol Cilye a4y ()8 iliie diged 11U sl ons dups o))
5 bl o & S B35 5Vl b bsile (5 5 il
1 ol 03ly &y dald dged 4y Cod o )d FF Canglio yiol58] aSi) &

903 drogi |y B PL (3933 (o 0

S Canglio yialejl =Y =¥
oot o GRS g 3l daigel (LS Cunglie ialol sl (sl
b9y -ub 03lwl [YWJTASTM C496 5kl 5o 5 (5 oy b
2 edgld b Bl Oypo 4y Wigel o Cunl Sygo iy Shalojl plosl
)15 395 by 3 (Bl 4g5 s & gygb 4 45 )18 S
Wged TSl & e agys Jlael b A 0)50 Sgyir So

AR



VA0 B YA dsio VF+) Jlo & o)loud F 0)93 S sl lpos cwigee 4 s

SS9l el Aigel Cunsis (o a2l dged Cansels (Al

5 Cungliie s o T ol liie .Y JSWS

Fig. 7. Observations obtained from Tensile Strength Tests
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Fig. 8. Tensile strength of the AAC blocks

AAEA]



20
18
g 16
E 1
5§ »
)
2 10
o
_a 8
2 —e—REF --0--GP-0.2
~ 6
7]
8 4
=2 —e—GP-0.4 —e - GP-0.8
2
0
0 10 20 30 40 50 60 70 80 90 100
Time - min
Gisee B loj 4o Ol s iulesl gl A S

Fig. 9. Results of Water Absorption
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Table 9. Water absorption rates (weight percent)
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Fig. 10. Observations of Impact Resistance test.
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Table 10. Results of the impact resistance test
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Fig. 11. Images of the SEM tests.
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Fig. 12. Size of Grains based on XRD test (D in nanometer- 0 in degree)
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Table 11. Size of Grains based on XRD test (D in nanometer- 0 in degree)
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Table 12. Comparison of results of this paper with those of previous works (%)
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