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Abstract: This study investigates the effect of nano-sizesligd granulated blast furnace slag (GGBFS) as a
partial substitute to cement on modification of maistructure, capillary suction (sorptivity) andid® of high
strength concrete. Disposal of waste product fraeelsindustries becomes a huge threat and created a
environmental concern. The GGBFS collected in ttesgnt work was subjected to grinding for two aatf h
hours using planetary ball mill to reduce the dizea nano scale. Reduction in particle size wasirexdsby
particle size analyzer. The sample was later usat @artial substitute to cement in three diffepcentages
namely 5, 10 and 15. A high strength concrete mitk & characteristic compressive strength of 50 Maa
selected for the present study. Both sorptivity a&oitls tests were performed as per ASTM standaedd T
results showed that replacement of cement with reped slag improves the performance of concrete by
modifying the micro structure and found that coremith 10% of nano sized slag yielded best peréorce in
terms of offering resistance to capillary suctionl aeduction in volume of voids.
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| ntroduction

Construction industry consumes a huge volume ofieta every year and it is expected it may reach a
billion tones soon [1]. Portland cement is the magbensive component in a concrete mix. There vsrg
familiar statement about the manufacture of censtating that every ton of Portland cement productio
releases a similar amount of carbon dioxide aspadoluct which affects the environment and it i®disie. So
to protect the environment from being polluted bg tarbon dioxide released by the cement indusinesto
meet the rising demand in the world economicallyhait affecting the strength characteristics ofarete
mineral admixtures are used as supplementary camgenaterials.

The concrete has to be modified with pozzolanid e@mentitious materials for a long standing infra
structure development. These are generally cladsifnder the term mineral admixtures. Ground Gededl
Blast Furnace Slag, Fly ash, Silica Fume, Rice lastkare some of the examples of mineral admixtimehis
work GGBFS has been used as the mineral admixture.

GGBFS due to its high content of Silica and Aluaiin an amorphous state shows pozzolanic behavior
similar to that of natural pozzolans such as flyast silica fume [2]. GGBS can be been used aagredient
in cement as a mineral admixture or as a comparfebiended cement to encourage the reuse of bydpted
from industries. The use of GGBFS in concrete iases the workability, reduces bleeding of fresicoete or
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mortar, improves strength, reduces heat of hydrateduces permeability and porosity, and reduoesalkali
silica [3]. In recent years finer particles arengeused in construction industry. Several worksenggrformed

on incorporating nano particles into concrete speas as mineral admixtures to improve physical and
mechanical properties. Many researchers were fddinggr research on nano $j@ano AyOs, nano FgO; and
Zinc-iron oxide nano particles as mineral admixsure concrete [4-10]. Also the use of nano sizedemal
admixtures were also studied on self compacting@te using Sig) FeO;, ZnG, and TiQ[11-16].

In addition the effects of several types of naadiples on properties of concrete specimens wareh
cured in different curing media were investigatedeveral works. It was observed from the liteeduhat the
use of nano particles in concrete improves the mugichl properties of the specimen in addition te th
improvement in microstructure of the concrete speai.

Significance of the present research

Though nano particles play a major role in incirgishe compressive strength of concrete, improving
microstructure and pore structure of concrete specithe cost of manufacturing nano sized particlegery
high which limits their use liberally. The aim diis study is to investigate the physical and pebitiga
characteristics of concrete incorporating grouag €If nano size as a partial replacement for OrgiRartland
Cement

Experimental I nvestigations

Material Used

The cement used was ordinary Portland cement adeg#3 having a specific gravity of 3.16. The
chemical composition of the cement is presentedable 1. TheSag was supplied from steel industries in
Salem, Tamil Nadu, India and its specific gravitgsa2.4. The chemical composition of Slag is giveiable
1. Raw Slag can be used as replacement for cemant5% to 70 % depending upon the requirement. The
same slag can be used effectively when it is cdesido nano size. This would improve the perforneapicthe
slag as the surface area increases. In the presekthe reduction in size of the raw slag was exxdidl by the
use of planetary ball mill shown in Fig.1. The sieduction was achieved by loading raw slag of 3 ficrons
into planetary ball mill and ground for 2% hoursheTreduction in size was verified using ParticleeSi
Analyzer and was found to be 370 nm after grindisige has been reduced to around 45 times thamalrig
value).

Table 1. Chemical composition of Cement and GGBFS

Formula Concentration

(%)

Cement GGBFS
CaoO 68.05 34.85
SiO, 25.91 34.01
Al,O4 5.85 16.62
MgO 0.07 9.11
Fe,O, 0.12 1.71
SO - 1.55
TiO, - 0.69
Na,O - 0.48
K,O - 0.46
MnO - 0.27
BaO - 0.10
P,Os5 - 0.04
SrO - 0.04
Cl - 0.03
Z2rO, - 0.03
As,05 - 37 ppm
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River sand was used as fine aggregate. The fisanedulus (FM) of the fine aggregate is 3.17 and it
belongs to coarse sand category which can be wumedohcrete mixing. The specific gravity of thedfin
aggregate was noted as 2.63. Aggregate passinggthd® mm sieve and retained on 12.5 mm sieve s&d u
as coarse aggregate in the concrete mixture. Tdwfipgravity of the coarse aggregate was noted.6s. A
commonly available super plasticizer CONPLAST SR 4#®m FOSROC Company was used through this
study to obtain the workable concrete mix. In tlmespnt work a high strength concrete grade to oldai
characteristic compressive strength of 50 MPa whpted. The design mix ratio arrived was 1:1.082.1
(Cement: Fine aggregate: Coarse aggregate). Wartegrd ratio was taken as 0.33.

Specimen details

Specimens of size 100 mm (diameter) with 50 mmigfite were cast to study the durability
characteristics by voids, water absorption and lleapi suction. The specimens were prepared by gibrti
replacing cement in the concrete mix in 5%, 10 &B% of nano slag. In addition control concrete Bpens
were also cast in which no partial replacement aaee.

Sor ptivity Test

This test method is used to determine the ratdbsbrtion (sorptivity) of water by hydraulic cement
concrete by measuring the increase in the massspéeimen resulting from absorption of water asrection
of time when only one surface of the specimen gosgd to waterResistance against capillary suction of
concrete was measured through Sorptivity test &M standard [17]. Specimens of 100 mm diamatet
50 mm height cylinders were prepared by cuttingttge and bottom of the 100 mm x 200 mm cylindrical
concreteThe specimen was placed in the environmental chaattsetemperature of 50°C for 3 days. After the
3 days, it was placed inside a sealable contalrem the specimen was kept at 23°C for at leastays before
the start of the absorption procedure. Specimen nea®ved from the storage container and mass of the
conditioned specimen was recorded to the near@stg@before sealing of side surfaces. The sideaserand
end of each specimen was sealed with a suitablegeaaterial (epoxy resin). Then the specimen teasted
according to ASTM standards.

Test for voidsin hardened concrete

This test method used to determine density, peesrption, and percent voids in hardened concrete
and was conducted as per ASTM standard.[I8E individual portions may be pieces of cylirgjarores, or
beams of any desired shape or size, except thatlbene of each portion shall be not less than &@band
each portion shall be free from observable crafigksures, or shattered edges. The specimen wasirkeyt
oven at a temperature of 110°C for not less thaim.24fter removing each specimen from the ovenyads
cooled in dry air to a temperature of 20 to 25 #d aass was determined. Let it AeThe specimen was
immersed water at approximately 21°C for not |&éss1t48 h. Then it was weighed in water. Let it be'Ben
the specimen was boiled in tap water for 5 h. Aftet it has been cooled for not less than 14 & fmal
temperature of 20 to 25°C. Let it be C. Finally @gp®n was suspended into water and the mass was
determined. Let it be D.

Absorption after immersion = [(B-A)/A]x100
Absorption after immersion and boiling = [(C-A)i00
Bulk density, dry =g = [A/(C-D)]xp
Bulk density after immersion = [B/(C-D)x
Bulk density after immersion and boiling = [C/(Q¥op
Apparent density =g = [A/(A-D)Ix p
Volume of permeable pore space (voids) = f9/g:] x100
where:

A = mass of oven-dried sample in air, g

B = mass of surface-dry sample in air after immersipn

C = mass of surface-dry sample in air after immersiod boiling, g
D = apparent mass of sample in water after immemsiamhboiling, g
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0: = bulk density, dry, g/cc and
0. = apparent density, g/cc
p = density of water = 1000 gfms 1 g/cc.

Results and Discussions
Characterization of Micro Silica

Particle size analysis (PSA) of slag in unground ground state (nano slag) used in the present work
was done by using Particle size analyzer and thdtseare shown in Figures 1 & 2. It was understihadl most
of the particles fell under the size of 17 microeten and this was about 4 times smaller than tineenée
particles used (average size of cement particlesamaund 6Qum or 60000 nm). Hence addition of slag can
very well fill the voids available in the cementdawill modify the micro-structure, which will be beficial in
terms of durability characteristics. Moreover tlimes0f slag has been reduced to 370 nm after tveohetf
hours of grinding in a planetary ball mill, which45 times less than the slag of unground state.

Microstructure of micro-silica used for the presemork was analyzed by Scanning Electron
Microscopy (SEM) to understand its morphology ahd tesults are shown in Figure 3a, 3b and 3c for
understanding the micro structure of concrete WitHlO and 15% of nano slag. The SEM images clearly
explain the microstructure gets modified due to #dglition of nano slag and for 15% nano slag due to
agglomeration the size of particles becomes ldtiggvever the process of grinding did not affect $pbericity
of particles.It was also observed that sizes diges were reduced to considerable percentagecdine effect
of grinding. SEM images witnessed the above statéme
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Figure 1: Particle size distribution of slag using partisiee analyzer (17.15 pm)
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Figure 2 : Particle size distribution of slag after grindif&y0.8 nm)
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Figure3b : SEM image of concrete modified with 10% nana@sla

43 5nm A

.39'8nm

ﬂ46.1nm

"44.20m

SASTRA SEI 3.0kY  X30,000 WD 53mm 100:1;

Figure 3 c: SEM image of concrete modified with 15% nan@sla

Effect of nano dag in resisting permeability

The resistance against capillary suction due toattdition of nano slag was studied by conducting
sorptivity test. The sorptivity values were plott@dh respect to time elapsed. It is understood the initial
absorption by capillary suction for control coneretas found to be 0.0016 mm (average of first 6rdou
sorption values). These values for concrete with 5986 and 15% nano slag were 0.0014 mm, 0.0010 nim a
0.0012 mm respectively (refer Figure 4). From thsuits it was understood that for all the percergaof
addition of nano slag concrete the sorption values found to be less than control concrete andngeamum
reduction was observed in concrete with 10% namg. dFor the concrete with 15% nano slag there was a
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reverse trend with 10% and was less than the \@laentrol concrete. In a similar way the valuesefondary
absorption by capillary suction were calculatedrfraverage of 6 hours to 9 days. The capillaryisadbr
control concrete was found to be 0.003 mm and thrakees for concrete with 5%, 10% and 15% nano slag
were 0.0027 mm, 0.0020 mm and 0.0024 mm respegtikigre again concrete with nano slag exhibitetebet
performance in terms resistance. Similar trend lzEeiwved in initial absorption was seen here alsovals
inferred from the results of initial absorption tlaamaximum reduction of 46%, 50% and 41% were veskin
concrete with 5%, 10% and 15% nano slag respegtinetomparison with control concrete. These valioes
secondary absorption were found to be 32%, 44%3&9d for concrete with 5%, 10% and 15% nano slag
respectively in comparison with control concretefdr Figure 5). Comparing initial sorption and setary
sorption, sorption at the initial stage was fouacbe more aggressive irrespective of concrete vendthis
made up of control or with nano slag. ThevRlues of control concrete and concrete with 5886 %nd 15%
nano slag were found to be 0.96, 0.90, 0.94 arfsl @€pectively. Since all the values GfiRere exceeding 0.9,
the goodness of fit was found to be well matching.
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Figure 4 : Effect of nano slag on sorptivity of concrete
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Figure5: Effect of nano slag on percentage reduction iptsoty wrt control concrete

Effect of nano dag in water absor ption and voidsin hardened concrete

The resistance against water absorption, densdyvaits in hardened concrete due to the addition of
nano slag was studied by conducting a standard Test water absorption values were calculated ashge
standard procedure and the values were 5.04% fdarat@oncrete, 4.43%, 4.20% and 4.76% for cononetie
5, 10 and 15% of nano slag respectively. The amotimtater absorption was found to be higher fortamin
concrete and deceases due to the addition of dagansconcrete. Increase in percentage of narpfsdan 5 to
10 % decreases water absorption and further inergfasano slag to 15% have shown a reverse treometier
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the amount of water absorption of concrete with &0 slag was less than that of control conciidie.rate
of reduction in water absorption in nano slag cetewere found to be 12, 17 and 6% respectivelgdocrete
with 5,10 and 15% of nano slag with respect to mmbmioncrete. Hence it was evident that additionario slag
served as micro filler in the voids or pores of aete and modified the micro structure resultedensdr
concrete. Similar trend also followed in appareangity also. The volume of voids in control coneretas
found to be 9.2%. These values for concrete withO5and 15% nano slag were found to be 7.9, 7.28a3%
respectively.
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Figure 6 Effect of nano slag on water absorption and voidsardened concrete

Conclusions

From the detailed experimental investigations edrout on high strength concrete added with nano
slag to understand its effect on micro structuegiltary suction and voids the following conclussowere
arrived:

» Addition of nano slag modified the microstructureespective of its percentage as replacer to cearaht
concrete have become denser.

* Nano slag based concrete offered better resistancapillary suction both in case of initial abgarp and
secondary absorption. Maximum reduction in sorptiaf 50% and 44% were observed in concrete with
10% nano slag in terms of initial and secondarpgiifon respectively.

* In the case of concrete with 5, 10 and 15% narm #fe water absorption was reduced to an exteb® of
17 and 6% and voids were reduced to 14, 22 andth@®6control concrete.

* Among three different percentages of nano slag,us®ttrete with 10% yielded better results and éotm
be optimum in terms of improvement in microstrueturesistance to capillary suction and reduction in
volume of voids in hardened concrete.
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