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Abstract. Geopolymers have been introduced to limit the use of ordinary Portland cement é€3R),
producton contributes to the emissionaiiout7% of the world{ darbon dioxidewhich has a negative effect

on the environmentThe present study aimed to investie the effect of glassaste aggregate otine
mechanicaproperties of fly astihased geopolymer and OPC mortars. In the study, fly ash geopolymer and
OPC mortamixtureswere prepared using glasaste as fine aggregate addition geopolymer and OPC
mortarswerealsoprepared using silica saadcontrol mixes A blended solution comprising sodium silicate

and sodium hydroxide was used as an alkali activator in flygaspolymer mixtures. Fresh mixtures were
subjected to workability measurements, while 50 mm cubes were made for compressive strength testing.
Mortar prisms of 25 25 x 285 mm were prepared and subjected to drying shrinkage test. From the results,
the useof glasswaste aggregate negatively affected the compressive strength of the mortars, regardless of the
binder type.Geopolymemortars made using glasgaste aggregate gave 55% lower compressive strength
than those made using silica sahthwever mixtures made using glass waste aggregate exhibited better
performancen dryingshrinkagethanthose made using siliGand.

1 Introduction

The carbon emissionas a resulof ordinary Portland
Cement OPQ productionarea worldwide concernand
ways d reducing these emissiomse constantly being
explored Geopolymers have been introduced as
solution to overcome this problem. Geopolymeage
synthesised inorganic materiatsadethrough a reaction
between aluminosilicate raw materigl and highly
concentratedalkali-activator solutions Theraw materials
used in geopolymers should be rich in siimd alumim
[1]. What makes geopolymers advantageous ovel 3P
their ability to use a wide variety of wasiend by
products such as fly asliFA), ground granulated blast
furnace slag, metakaolin, bottom ash,.,esthich would
otherwise be disposeaf in landfills [2,3]. FA is a
residual of coal burningn power plantsin electricity
production.Despite the millions of tons d&fA produced
yearly in South Africa, only about 7% ofig used in the
construction industnas a pozzolan incementor other
applications The lack ofFA usage increasdébe demand

Glasswaste is used in geopolymers duettochemical
and physical homogeneity and contaisgynificant
amorphous silicd6,7]. Some sudies[8,9] suggestthe
application ofglasswaste as an aggregategeopolymer
concrete or mortaysvhile some[10-14] useit as a raw
material to formulategeopolymerbinde. A study by
TorresCarrasco and Puertfi$] suggesteihcomoration
of glasswasteasa reactive silica source in geopolymer
mixtures. It was reported thatendng < 45 um glass
waste ofl5 g in 100 mL10M NaOH to form an alkali
activatorled to a slightincreasein 28-day compressive
strength15].

Some studieq10,16-18] reported mprovement in
strengthdevelopmentof geopolymer bindersn which
glasswaste was used as a binder replacentem the
results compressive strength of fly ash geopolymers
increases fron26 to 53 MPa,with an increase in glass
waste content from 5% to 30%, while some studies
[8,19,20] reported the opposit&lost of the studies otine
application of ¢asswaste as an aggregateplacement

for storage spaces such as landfills. This has a negativare in agreement thahincrease in glaswaste content in

impacton the environment d%A is a norbiodegradable
material[4].

Similarly, glasswastealsohas negative effects on the
environment as it is a ndsiodegradable material and is
not suited for landfill§5, 6]. There is an increase in glass

geopolymer mixtures results in strength loss[15].
Hajimohammadiet al.[9] reported similar strengs of
geopolymemortarwith natural san&nd those of glass
waste sand giving 58 and 53 MPa respectively
Reduction in strength as a result of glasste

waste, about 7% of solid waste produced globally is madeincorporation nay beattributedto the change in Si/Al

up of glasswhile in South Africa, glassvastemakes up
4.5% of all wasteTherefore, using glass wastedFA as
construction material may help moderate thabove

mentionedenvironmental challenges.
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ratio of the mix, due to a high silicon dent of glas$13].
Several studies have stated tlggbpolymers have

superior behaviour in durability propertiesmpared to

OPC binder concreteShrinkage is a concrete property
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causing the volume stability of the material to deteriorate
due to loss of water during the drying process, resulting in

cracks that expose the concrete to external influences LOO

[21,22]. Drying shrinkage is responsible for early age D

cracking as the concrete lacks enough strength, thus it it ?0 i

crucial to evaluate it at early agf23]. As a durability ‘0

property drying shrinkagein geopolymetinder systems DEG_BO l

is affected by several factoréncluding the type of ©

aggregate usedhe physical and chemical propertie$ 8"0 1

binders binder content, aggregate to binder atfo, c —8—SSC
activatorpropertiesthe alkaline solutionto binder ratig &0 ’ oSSk
and curing conditions (temperature, duration and & TA—GWSE
medium) [21,23-27]. Some studies havereported 0 -

decreases idrying shrinkagewith anincreag in glass 0.010 Pg'r%glcc)e Size (n}ﬁ%oo 10.000
waste contentised agsnaggregat¢28-30].

The presenstudy ained to investigatecompressive g 1 : particle size distribution of glass waste and silica sand
strengthand drying shrinkageof geopolymer mdars  ssc +silica sand coarseSSF silica sand fineGWSC tglass
prepared usinglasswasteas araggregate waste sand coans€5WSF tglasswaste sand fine

. Commercialsodium hydroxide flakes of 98% purity of
2 Experimental Methods industriatgradewere mixed with water to obtain a 13M
concentrationwhich was adopted from therfilings of

A low calcium Class-F) FAwasused as the main binder previous stues[31,32]. A sodiumsilicate solution with

to preparemortar mixturesThe chemical compositi@of Ms = 3.3 (where Ms = Si@Na,0) and solids content of

the FA usedare in Table.l.CEI_\/I_ | - 52.5R ordinary 36% was used in combination with NaQidactivators
Portlandcement wasised in addition to the geopolymer A iy ator-to-binder (a/b) ratios of 0.4nd NaSiOs-to-

mixes, as well athe main binder foOPC control mixes. NaOH ratio of 2were adoptedA constant aggregate to
Glasswasteor silica sandvere used as fine aggregates to binder ratio of 1.4 wassedfor geopolymer mixes in both

prepare the geopolymer and OPC mortaBoth a : ; -
. ) . ggregate systemdhe mix sample analysed in this
aggregates werequallyused intwo differentsizes (50% study are shown in Table 2.

of 0.6—1.18mmreferred to asoarseaggregatand 50%
of 0 - 0.6 mmreferred to adine aggregate The mrticle Table 2. Mix ProportionsTable
size distribution of aggregates used is shown irnlFig

Table 1. Chemical composition of fly asAnd glass waste Binde(g) Aggregaiég) @ S g
aggregée Mix ID % 5 &
FA OPC SS Gws = & &
Oxides Fly ash(%) Glass wast€%) z
Sio, 56.46 83.21 OPGSS o 58 63 o0 18 0 0
CaO 3.14 10.73
FaOS s Lor FA-SS 5000 700 o 41 26 133
e . i
s 41 26 133
MgO 187 1.09 FA/OPGSS 450 50 700 O
TiOs 083 0.20 FA-GWS 5000 o0 700 41 26 133
Mn2Os 0.02 0.04 FAIOPGGWS 450 50 0 700 41 26 133
NaeO 0.07 352 FA-fly ash, OPC ordinary Portlanccement, GWS&glass waste
K20 0.31 0.22 sand, NaOksodium hydroxideNaSiOs-sodium silicate
O 0.48 0.06 - .
P20s Flow workability measurements were carried asinga
SO 0.34 0.05 flow table following ASTM C1437 [33]. 28day
LOI 0.71 4.55 compressive strgthsweremeasured using 58m cube,
LOI* loss of ignition as perASTM C109M standard[34]. The geopolymer

cubes subjected to compressive strength testing were
cured at ambient temperature 08 2C. Furthermore25x

25 x 285 mm prisms werecast and subjected tirying
shrinkagetestfor a duration of 91days,as perASTM
C596[35]. Mortar prismswere oven cured at 8C for 24
hoursand werekept in the opemt room temperaturer
therestof the testing periad
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3 Results and Discussions
3.1. Flow workability

Fig. 2 shows theflow workability results undertakenit
can be seen thaspecimas prepared with glaswaste
aggregateand OPC bindeexhibited the highest flow
workability of 188 mm. The high workability of OPC
samples containing glasgaste aggregatecan be
attributedto the impermeabity and smooth surface of the
glass particle§36]. However, dasswaste aggregate had
an opposite effect in geopolymespecimens as they
reduced flow workability. This observationmay be
attributed toan interaction between alkali activator and
glass parti@sthatincreasd the mixture's viscosity and
resulted in lower workabilityReplacement of silica sand
with glasswasteaggregatén geopolymer mixesesulted
in a reduction of flow by 18%. OPC inclusionin
geopolymer mixes reduced flomorkability regardless of
the aggregate typ Similarly, OPC hasough ancangular
shaped particlesunlike FA with a spherical shape
IntroducingOPCin the mixallows particles tointerlock
in the binder phasand resubk in a redudion of flow
workability. The reduction itheflow workability of OPC
inclusion in FA geopolymer mixtureswas not as
significant as that caused by the glasste aggregate
Overall, FA geopolymer mixes exhibited lower
flowability than OPC bider mixes. This observation is
attributed to the high viscosity of alkali activator
compared tavater, making the geopolymer mixenore
cohesive and stickig21].
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Fig. 2. Flow workability of mixes: OPESS- ordinaryPortland
cement mortars made usisiica sand aggregate, ORBNS -

ordinary Prtland cement mortars made using glass waste

as an aggregatexhibited the highest 28ay compressive
strengthof 53.2 MPa FA geopolymer mortacontaining
silica sand aggregatand 10% OPC replacement in
binder, exhibited comparable strengths to those of the
control mix giving 28-day compressive strengtt 49.5
MPa Regardless of the aggregate tyipeJusion 0f10%
OPC in the FA geopolymer mixes enhanced strength.
Inclusion of OPC intdhe geopolymemade usingilica
sand and glaswaste aggregatessulted ir38% and 48%
increase in compressive strengthespectively The
improvement instrength development in geopolymer
mixtures due to inclusion of OP€an beattributedto
formation ofcalciumsilicate hydrate CSH)phasealong
with the geopolymerframework, which in turn results in
further early strengthdevelopmen{37]. Moreover, the
heat of OPC hydration maglso play a role inthe
accelerationof geopolymerization reaction, whictan
also enhance strength developméht

Compressive strength reduced when silica sand
aggregate was replaced withlasswaste aggregate
regardless of thbinder systemThe strength loss due to
glasswaste incorporationan be attributed tthe smooth
surface ofylassparticles compared to those of silica sand.
A relatively rough surface of silica sand partialesults
in theformation of strongebonds betweeaggregate and
binder, while the bond betwedime binder phasandthe
smath surface of glass aggregates\asaker38].
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Fig. 3. 28day ompressive strengtlof OPC and fly ash
geopolymer mortarés described in Fig,)2

3.3. Drying shrinkage

aggregate FA-SS — fly ash geopolymer mortars made using Many studies have shown thgpe of aggregate usedn

silica sand aggregat€A-GWS - fly ash geopolymer mortars
made using glass waste aggregalA/OPC - fly ash
geopolymer mortarsontaning 10% OPC irbinder.

3.2. Compressive Strength

The mmpressive strengslof tested specimersmeshown
in Fig. 3. The control OPQGnixesmade usingilica sand

significantly affectthe drying shrinkage of concreter
mortar [24]. Fig. 4 shows thedrying shrinkage of FA
basedgeopolymer and OPC concrete with twidfetent
types of aggregateMortars that wereprepared using
100% OPCas binder andsilica sandas the aggregate
exhibited the highest drying shrinkagenong the others
It can be seen thatpecimes contaning glasswaste
aggregatesexhibited lower drying shrinkagén both
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binder systemsompared tospecimens prepared with Furthermore, theprecence of glass aggregate in the
silica sand aggregaté&his is due to thestiff nature of mixtures can promote the ocence of alkali silica

glass particles witlvery low porosity which eliminates  reaction (ASR), resulting in the expansion of mortars to a
drying shrinkage in the aggregate pham®d reduces the limited extent, which in turn may reduce shrinkage.
overall drying shrinkage in the matrix[30]. This Further studie are needed to investigate the rate and

obsevation is consistent with other studi¢ks, 19, 24] effect of ASR on shrinkage ihesemixtures.
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Fig. 4. Drying shrinkageesultsof ordinary Portland cemeand fly ash geopolymer mortars (as described in Fig. 2
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OPC and fly ash binder had opposite effects, where-glass » PP- __ ( ) _ o
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