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Enhancement of Durability Properties of Recycled Concrete from Decommissioned Railway Sleepers

with the Addition of Graphene Quantum Dots
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Abstract

This study focuses on improving the properties of recycled concrete using recycled
aggregates from unused concrete railway ties. The objective is to develop high-quality
recycled concrete by adding Graphene Quantum Dots (GQDs) to enhance its strength
and durability under extreme environmental conditions. Durability tests, including
water absorption, acid attack, and sulfate resistance tests, were conducted.
Additionally, scanning electron microscopy (SEM) was used to examine the surface and
structure of both recycled concrete with and without GQDs. The results indicated that
adding GQDs significantly improved the mechanical strength and durability of the
recycled concrete, making it a viable alternative for construction applications. The
research emphasizes the potential of utilizing recycled materials in construction to
reduce the reliance on natural resources while enhancing the performance of recycled
concrete.
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211 w3859ungIUsTsuYId (Natural Aggregate - NA)

Fuvannunawdalulssinelneg iunisnsavaeulndulumuannsgiu ASTM C33/C33M
212 wwasumevslaaa (Recycled Aggregate - RA)
Ifannmsgesnuausesnsuninivunotgnsliam Tagldiedesuauuy Jaw Crusher wazdn
yuelsfiumzunss 3/4 i

2.1.3  Graphene Quantum Dots (GQDs)

Wlushsdau 0.3% nedhwinvanhildnaunsunin avate GaDs ludlddiurowduns
Tuideara

2.1.4  yuwudlensedn (Hydraulic Cement)

Tidmsumlassadrailu ausnnsgiu ASTM C1157 Ssfiquansilunsudsuledudaty
thuadlsirmassagilussenmsudu
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HUNINTINEDUANNATIALAZTUINAIY ASTM C33
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2.2 FASHANADUNTA

fimseenuuunsunimiaAig 6 qn3 foid
1) NA100: ABUNIANANNIATINGTTNYIR

2) QNAL00: ABUAIAHALNIATINGTTUYIR + GQDs
3) RA50: AOUN3ANEN RCA Soway 50

4) QRA50: ABUNIAMAY RCA 588z 50 + GQDs
5) RA100: AOUNSAREL RCA 308y 100

6) QRA100: ABUN3NNEY RCA S0z 100 + GQDs

A1314i 1 deyaiugiudwiunisesnuuusunauaaunin

518019 el
Grade of Concrete 80.00 MPa
Type of Cement Hydraulic
Maximum Nominal Size of Aggregates 20 mm
Minimum Cement Content 350 kg/m?
Maximum Cement Content 500 kg/m3
Water-Cement Ratio (W/C) 0.33

Workability 100 mm (Slump)
Exposure Condition Severe

Specific Gravity of Cement 3.14
Specific Gravity of Coarse Aggregate (CA) 2.65
Specific Gravity of Fine Aggregate (FA) 2.62
Specific Gravity of Superplasticizer 1.08
Proportion of Coarse Aggregate 0.55
Proportion of Fine Aggregate 0.45

Percentage of Superplasticizer by weight of cement (sup) 0.80% - 1.00%

Water Absorption of Recycled Aggregate (RA) 3.80%
a99ft 2 dndauvasdunsunaunin
Mass of Mass of Mass Mass Mass Mass
Usenn Mass of
cement Water of CA of RA of FA of sup
GQDs (g)
Pl bt (kg) () (kg) (kg) (kg) ()
NA100 8.47 2794.50 15.62 0.00 12.63 84.68 0.00
QNA100 8.45 2769.09 15.62 0.00 12.63 84.68 25.40
RA50 8.45 2794.50 7.81 711 12.64 68.59 0.00
QRA50 8.47 2769.09 7.81 7.11 12.64 68.59 25.40
RA100 8.47 2794.50 0.00 14.22 12.65 54.20 0.00
QRA100 8.47 2769.09 0.00 14.22 12.65 54.20 25.40
2.3 NINEBUATUNAIDENS
231  vaof9e AU

Tusifiurigunssgnuied (Cube) vu1a 100 3. wagnsinszuen (Cylinder) vuaidusitu
Audnans 10 9. ALY 5 v mudenivun ASTM C39, ASTM C642-06 naasiiee1a
ABUN3AVIATIN 6 gRsTioBnuuy

232 vuhedlun)

Uniegdluhilgumgiivoudunm 28 Tu (rusasgiu ASTM C511) uileliaounsaiann
usedn
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2.4 nsnadaUAMFNTRAYaIADUNTA
24.1 718980 (Compressive Strength)

NAADURIDE A MNIINTFIUL ASTM C39 wdsun 28 Tu TavldiaTesmaaouussdnuuin
2000 kN

242 n?igm??llu% (Water Absorption)
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243 mwmmm?ums@m?wf? (Sorptivity)
ageulnsnsudguvasgnuiaiaountslut wdideiminamdaanan Weundiuined
mmmmm’iuﬂﬁ@m%ﬁwmummgw ASTM C1585

244 prwdwmusense (Acid Attack)

e 1sliuyluaisazany HySO4 Aadudy 5% tduian 56 Tu udrdana
mswasuaweniminuardnvarin

245  anudmmugedaims (Sulfate Resistance)

wtlusnsazany NapSO4 ANy 5% wuian 56 Su LLasLU?aULﬁUUﬁUﬁfiumuqu
246  msusimsiaiion

Ihmziadansiest (Varine Water) 3nnindovnsiatlani 3.5% wifotheuiu 56 fu dunn
mswisuulawesineunia

247  msuenIviRendenansmlbiangseuLyUaednsIm (SEM)

ot ushoghannaeunimiiiiunisuy wdnilundeuneaiiedotnindae SEM fifdwene

3000-5000 i1 titeganuaslassadng, ITZ wagmsnszanevesens GQDs

20 ym

Quanta FEG

mag O]
5000 x

AM | 15.00 k¥ 12.6 mm Quanta FEG

§1J17i 2 SEM findswe1e 5000 RA100 curing28days

248  msiAsIzvAITUBUNANTUS (Carbon Footprint)
fwmannsdesinvdeunsganlunsuiunisudnfaguanudazaiianiy 1SO 14067 lay
141 Emission factor angudiayaves IPCC uag Ecolnvent

m39fl 3 ArduUsznSmsudesasueu (Emission Factors) #ildlumsAuan

Yan) ¢ Emission Factor (kgCOze)
Cement 0.93/ kg
Water 0.0003 /(0.3 / kg)
Natural Aggregate (CA) 0.005 / kg
Recycled Aggregate (RA) -0.0035 / kg
Fine Aggregate (FA) 0.004 / kg

Superplasticizer (sup) 0.0009 /¢ (0.9 / kg)
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3.3 AuEINsalunsgaduI (Sorptivity)
NNHANTNARBINUI AN15gAdULade (Total Avg. Sorptivity) vasmauNIALTBALATS
GQDs dAu1nnI1AIN13gAd Ul 1Lad svesaeuniad olaiuans GQDs oy 0.0426

mm/min0.5 %38 23.74 9% LazAINSAFULN (Sorptivity) fifi11ad uvi avuaLindy 0.2008
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5550117 Wovinsiiueans GQDs aslulureunin Aedsvesindwrvesneunindisuuinng
WNTU 26.82 % AdgveIiIawnTeIRsuUnIAllonagaulINzadIasLiuTy 11.72 %
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warnilafannninnanusTsuniveiidgnitneuninfildadiunasuaassssuni i mag O
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35 mMylnnzilasiaiiedae SEM
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mag O
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5 Hy mag OJ
54PM | 1500 kV | 5000x 11.5mm

HY mag [
15.00 KV 5000 x | 11.7 mm

U7 11 SEM frdswens 5000 RA100 Tugn1aznsa

20 ym
Quanta FEG
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3.6 m%uaw.lﬂw%?uﬁ (Carbon Footprint)
nanmsUssdinuTnamsdesfingiSeunszande 1 au. AOUNIA gaT QRAL00 fimsuau
omdudinan ~ 293 keCOy -eq, gn3 NA100 firgedn ~ 344 keCOy -eq, gnsiliuasand
laiAatisannansgnudaindenlfiade 11-15% nsld 6oDs uiidutanaifuou wilu
Fohutfaesnn Febifaiituansuaurlandudoseiiie

A3 4 HamImuIMMSUBUWANIURYaIRBUNIALARZEAS

gnIreunin m%uauvx‘lmw?vuﬁ (kgCO2e)
NA100 8.92
QNA100 20.36
RAS0 8.58
QRA50 20.02
RA100 8.23
QRA100 19.67
25 =
T g 20.02 19.67
) | T T
S 2
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x
o L)
=
2 832 858 8.23
o T =
o 10 | | {
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c
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o
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Femsifisiens GQDs U3 0.3 % [22] asllumsvmeuninasilineunsaiivanh 28 $u
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vosimazarsiadl iumumdeunduresduyufiuug uazanmunsures nterfacial
Transition Zone (T2) §afiuvs i sounsiignvesnsunin demalilassaiielnesiu
fenusuunundy waziiiuanudumudenisiansoulasanizluaninzuindon
laiquuss wu dnsa

Frudauanden ulfd1n1siiu GQDs awviliArAsuoulani U TR GRS
Aoundmifistusehaiifudndey Tasgns QNA100 way QRA100 id1 CF gand1 NAL0O was
RA100 fi9 2 Wi iisusrnuszana 8.92 1y 2036 keCOze wa¥an 8.23 1lu 20.19
keCOze mud1div winslduanuladarinmieusessalnneuninlugns RAS0 way
RA100 @nansawarenansznudinailduidu Tnedisannisuaesnis veuainuiasiu
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AudsBuldBety aenadesifunuamaes Sustainable Construction
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& _do v & Ty [ 53 v aa
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X
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