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Development of on—site application system for CLSM{Controlied Low
Strength Material) for ground restoration which can secure Traffic
Opening strength within 4 hours by utilizing industrial by-products
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8.1 SCI(E)(Enhancing CO, balance in concrete through carbonation during a service life using

organic liquid emitting diode (OLED) as a binder)
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8.2 SCI(E)(Hydration characteristics and microstructure evolution of concrete with blended

binders from LCD and OLED wastes)
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Hydration characteristics and microstructure evolution of
concrete with blended binders from LCD and OLED wastes

Hee Jun Yang®, Hyeongi Lee®, Lei Wang® and Asad Hanif*

“Depanment af Civil Engineering, Rumoh Naticaal instiute of Techaotogy, Gumi, Repubic of Kares; Bricon
Lab, Industry-Acadernic Cooperation Dividan, Jnju-2 Gysongsengnam-do, Republic of Karea, College of
Material Schence and Wran University af Aech and ., Mran, China: “Crdl and
Enviranmental Enginsering Depastment, King Fahd University of Petraleum and “Minesals AKFUPN}, Dishras,
Saudi Arabia

ABSTRACT ARTICLE HISTORY
The use af parzolanic waste materdal as panial cement replacement b cus Fecened G Septumber 2031
tomary b contemporary concreted from the sustainasbility pepipective I Accepted 14 Januaey 2022
this stuidly, glass wastes frim onganic light-smitting diode {OLED) and b

oryatal display LCD) were used wisdle 45 supplementary cementing male- m"g:‘ A
ial [SCM) in concrete. For the st time. detsded | and hydra- - 4 m'::"#"‘
ton attributes hawe been studied for such blended concretes Coneretes g (RS AT
with T0%M, 200 and 30% substitation of ordinary Portland cement (0PC) N

by OLED and LCD glass powders were developed. The rewling mechanicsl

propsrties. hydeation sttributes, and microstructural fuatunes wirs uudlaa

at vafiows sges Up Lo one year, Superiol mechanical

shown after 28-day soe for blended concretss; hawswsr, much pmlmnl

Emprovement in compressive and flexursl strength win sbsended at 1-year

ape. The snhanced rn.!dsanlul properties of modified concretsd ane il

uted 1o greater activity snd dary hydrates fr of
OLED andt LCD glass pawders m al cementifious matrls, Grester C-5-H

gl formation, lower pesreability, and mare refined microstrctuce of the

iended concrets were corraborated by thermogravimetric analyais (TGAL

Rletvedd guantitative phase snalyss (ROPAL backscattared electon inage

analysls (BSEL and mercury Intruson parmsmetny (MIPL 20wl has besn

found &1 the optimal value of cement replacerment by either LOD or OLED

powder. The results cléarly indicats LCD and OLED can be docceschilly

wsed a5 SOM fod developing concrete with mproved properties

1. Intreduction

Concrete i the mast abundantly used man-mace material on sanh Biliond of torg of concrets are annu-
ally produced worldwide, resulting in almest equsl smoonts of carbon dioade (005} emisions (Hanil
et al, 2017 2017; Hu et al, 2019) From The sustainable development perspective, There are concerns
over such enormows use and production, |n ordes 1o reduce the sisociated 0, smissions, the use of
porzalanic matesials and potestially wselul industeial wastes as spplementasy cementing material (SCM)
4 prevalent in contemporasy concrete technology (Wang et al, 2020, 2021). There are several mateials
corninonly used 83 SCM in condrete prodhuction, such as blast humace slig, coal fly ash, natunal pazeolans,
sllica furme, caleined claps, limestone, biomass ash, MSWI bottary ash, steel dan copper slag, non-fero

EURDFEAN JOURNAL OF ENVIRORNENTAL AND CIVIL ERGINESRING (3 17

Sabricating precast structural slements, the contrete must be sdded with speclal binders or nanoms-
Terials. Seam curing may also be used

3. The thermogravimetste snalysis (TGA] revealed greater porkalanic activity of LCD and DLED particks
i alkakine cementitious matris. The reduced portlandite remaining in the pastes after TGA
imadicates greater gel fomation. The better strength properties are, thus, atwributed to secondisy
ypddrates formation i the hydrated pastes over tims,

4, The poresity tesults shaw that the fower porsdty ahd permeatilty due to increased reactivity of
amarphous OLED powder (R the alkaling cementitious matrix are the reasons fos Improved proper-
ties of resulting concreétes Greater C-5-H gel fonmation with denser and mose refined microstructure
are the |mportant characterstios governing the duperion properties. Howesver, the reduced calcium
hydroxide aflects the alkalinity of hydrated concrets theseby making it vulnessble to corosion,

5. WOPA through X-Ray ditffacton (XRD) studies led to the quantification of hydration products.
WGreater C-5-H lonmation, s indicated by higher percsntage fraction ol Jannite snd Toberrnonite b
wedl &5 the amarphous phases, i4 stisibuted to the better resulting propertien of cerméntitious coim-
persites with the addition of LCD and OLED.

Unilisation of LCD and OLED in concrete would substantially enhance the resulting properties of the
developed composites dus 1o greater pozzalanic resctivity leading 1o better microstruetusal, interfacisl,
porgdity, and hydsation characteristics. 20wt of LCD and OLED addition as cement replaterment is
depmed the optimal value. The resulting concretes are also expected o hive & greater service Bile, thus
encoutaging the utilisation of theie materisls Further studies on the durability and service life should be
cartied oul. Alis, the Incorparation of LCD and OLED waste powders with sther kinds of binders, such be
magnesia-biased binders Wang et al, 2022; W et al, 2021, should be explared as well.
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8.3 SCI(E)(Durability of concrete incorporating organic light-emitting diode (OLED) display

waste as cement binder replacement)
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Durability of concrete incorporating organic light-emitting diode
(OLED) display waste as cement binder replacement
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