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ABSTRACT:

India is one of the Developing countries that needs to face the environmental pollution. We have many
ways to reduce environmental pollution that causes by production of Portland cement and by the
increasing of waste material. This paper studies the strength development in geopolymer mortar using
industrial by-products. Geopolymer is the term used to represent the binders produced by polymeric
reaction of alkaline liquid with silicon and aluminium as source materials. The by-product materials
considered in this study are combination of GGBFS and Fly ash. The experimental program involves
casting of geopolymer mortar cubes and testing them at 1 day, 3 days and 7 days for compressive
strength. Different parameter considered in this study is alkaline fluid to binder ratio Keeping 14-
Molarity of the alkaline liquid and the ratio of sodium hydroxide to sodium meta silicate as constant. It
can be concluded that the strength increased with an increasein the quantity of GGBFS.
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1. INTRODUCTION

Portland cements are highly internal-energy-intensaind cause emission of green house gasdafing their
production. These Portland cement based conveitiooacretes are found to be less durable in severe
environmental conditions. The contribution of oatiyn Portland cement production worldwide in the &siain of
green house gas is approximately 7% to the toedrghouse gas emission to the atmosphere. Thertefore
preserve the global environment from the impaateshent production, it is essential to replace Bodlcement
with new binders which can show similar or bettermgerties than Portland cement.

In 1978, Joseph Davidovits proposed that bindentddoe produced by polymeric reaction of alkalilgids
with silicon and aluminium in source materials @otpgical origin or bi-product materials of fly aahd rice
husk ash. He termed these polymers as geopolymatermo et al suggested that pozzolanos such at bla
furnace slag might be activated using alkalineitiguo form a binder and hence totally replace ube of
ordinary Portland cement in concrete. In this sahéime main contents to be activated are siliconcahtium in
the blast furnace slag.

The geopolymers produced by combination of soureéenals and alkaline liquids has large potential i
applications for bridges, such as precast structeiements and decks as well as structural regrafging
geopolymer fibre composites. Geopolymers is mostaacked in precast applications. Other applicatiares
precast pavers and slabs for paving bricks andaptgipes.
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The present research deals with the study of caapwe strength of geopolymer mortar which is a
combination of Ground Granulated Blast Furnace 8&@BFS) and fly ash activated by using alkalinktsmn
of sodium hydroxide and sodium meta silicate oMalarity with the ratio of NaOH:Na2SiO3 1:1.

2.MATERIALS

Materials used in this research are GGBFS obtdired JSW industries Itd. Bellary, Fly ash from VTPS
Vijayawada and sodium meta silicate and sodiumdwide from Dutta scientific chemicals, Bangalorel dne
sand used in the preparation of mortars is lowal sand. The chemical compositions of the matetiaéd in this
research are given in the table below. The sodiydndxide is in flakes and pellets form and havibguat 98%
purity. These pellets were mixed with distilled amato obtain the sodium hydroxide solution of regdi
molarity. In the present study, the molarity of thaution is kept constant at 14M for all the expental
investigations.

Table 1: Chemical Composition of GGBFS

CONSTITU | finen | Particle | Insol | Magn | Sulph | Sulph| Loss | Manga | Chlor | Gla | Moist
ENTS ess | Size(cumu| uble esia ide- ide on nese ide S ure
(M% lative Resid Sulph Ignit
kg) percent) ue ur ion
PERCENT | 412 | 94.25/100; 0.23 8.73 054 0.29 O0.n7 0.06 0,010 | 90.14
BY
WEIGHT

Table 2: Chemical Composition of Fly Ash

CONSTIT | Sili | Alumi | Iro | Manga| Titan | Potass| Calci | Magne | Phosp | Sulp | Sodi | Loss
UENTS ca | nium n nese | ium ium um sium horus | hur | um on

oxi oxide | oxide | oxid | oxide tri | oxid | Ignit
de e oxid e ion
e
PERCENT | 64. | 20.37 | 4.4| 0.12 0.49| 235| 4.32 0.40 0.37 1.25 080 089
BY 22 4

WEIGHT

3.EXPERIMENTAL PROGRAM

In this research combination of GGBFS and low caiciFly ash is used as binder instead of ordinary
Portland cement in the preparation of cement moitae mixture of GGBFS and fly ash is activatedulsing
alkaline solution which is a combination of soditmydroxide solution and sodium meta silicate sohutidhe
solution is prepared 24 hours in advance beforaisige The weight of sodium hydroxide required fezparing
the solution is calculated from the molarity. Thelanity is kept constant throughout the experiment14 and
the weight is calculated from the gram moleculaigheof NaOH i.e., 40. The required weight thusaited is
mixed with 0.5 liter of water to obtain NaOH soani and the weight of sodium meta silicate requiised
calculated using the ratio of sodium hydroxide:igodmeta silicate. The ratios used in this researehl:1. The
required weight of sodium meta silicate thus oladims mixed with 0.5 liter of water to obtain sadiumeta
silicate solution and the two solutions are mixegkether to obtain required solution of 1 liter degbt still for 24
hrs before proceeding to the experiment.

The manufacture of geopolymer mortar is carriedusinig the usual methods as in case of ordinarifapdr
cement mortar. The required quantities are weidgbea given proportion of fluid to binder ratio abéhder to
aggregate ratio and the materials are mixed togethgan mixture. Dry mix is carried out for 3 mtes followed
by a wet mix for about 4 minutes. The mortar thhtamed is filled in cube moulds in three layerstamping
each layer 25 times and then compacting by usingrator. The dimensions of cube used
70.6mmx70.6mmx70.6mm. The cubes thus preparedlaveed to cure under ambient conditions.
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Fig 1: Mixing, Casting and Curing Of Geopolymer NgorSpecimens

The cube specimens prepared are allowed to selfigccumder ambient conditions and the compressive
strength is found out after 1day, 3 days and 7.dHEye cubes are tested in digital compressionngstiachine.
Three cubes are tested at a time and the resaltgepresented in graphs.

4.RESULTSAND DISCUSSION

In the present research the effect of amount of E&Bn the compressive strength of geopolymer matar
studied for different alkaline liquid to binder . All the cube moulds are tested for compressivength
using the digital compression testing machine. Qasgive strength of the cubes is tested at thehge3 and
7 days. The testing of the cubes and the failuteepaof the cubes are shown in the below figures.
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Fig 2: Testing In Digital Compressive Testing Mashand Failure of Samples

The results obtained are represented by the following graphs:
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Chart 1: Variation of compressive strength with agdifferent percentages of GGBFS for F/B=0.60
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Chart 2: Variation of compressive strength with agdifferent percentages of GGBFS for F/B=0.55
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Chart 3: Variation of compressive strength with agdifferent percentages of GGBFS for F/B=0.50
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Chart 4: Variation of compressive strength with agdifferent percentages of GGBFS for F/B=0.50
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Chart 5: Variation of compressive strength with agdifferent percentages of GGBFS for F/B=0.40

From the above results it can be said that the cessjve strength increased with the increase in
percentage of GGBFS for various fluid to bindefamt The maximum strength is obtained at F/B 060.4
the 1 day, 3 days and 7 days strength for F/B=@ré516.63MPa, 27.90MPa and 32.67MPa at 90%, 90%
and 80% GGBFS respectively. From this we can salydhtimum polymerisation is carried out for F/B of
0.45. If the F/B ratio is further decreased to thén the maximum strength obtained in this case is
13.63MPa for 7 days at 80% of GGBFS which is gleiss than the value obtained for previous casecélen
it can be observed that at a decreased ratio iof the reaction is not taking place. The decreaaéd is
insufficient to activate the source materials ardde there is no proper strength for a decreasétl tf
binder ratio. The maximum strengths obtained fdays for other fluid to binder ratios of 0.6, 0&&d 0.5
are 21.7MPa, 26.48MPa and 24.5MPa for 80%, 90%/&ftl GGBFS respectively. Hence we can say that
the optimum ratio of F/B to obtain maximum strenigtl9.45.

5. CONCLUSION
The following conclusions can be drawn from thespré experimental investigations:

» Materials like GGBFS and fly ash can be used téampordinary Portland cement. These can be used
as binder by activating with alkaline solution.

e The compressive strength increased with an incri@aS&BFS content and the maximum compressive
strength is obtained for 7 days i.e. 32.67MPa & &GBFS for F/B of 0.45.

« At all the proportions, compressive strength insegawith an increase in age which shows that
reaction continues under ambient conditions.

* The compressive strength is increased with decrga$eB from 0.6 to 0.45 but the compressive
strength decreased with further decrease in F/B 0045. hence 0.45 can be taken as optimum value
for high strengths.

Thus, geopolymer mortar specimens shows betterepiiep and the compressive strength increasedamith
increase in age. By developing methods for obtgitlire chemicals at cheap cost can help to spreagréttise
of using environmental friendly and durable geopwy structures.
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