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. - The climate change due to global warming, one of the greatest environmental
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issues, has become a major concern during the last decade. The global warming is
caused by the emission of greenhouse gases such as CO, to the atmosphere by

Key Words: human activities. In recent years, attempts to increase the utilisation of fly ash to
Fly ash partially replace the use of Portland cement in concrete are gathering momentum.
Geopolymer concrete Geopolymer concrete is a new material that does not need the presence of Portland
Superplasticizer cement as a binder. Instead, activating the source materials such as fly ash that
Global warming are rich in silicon (Si) and aluminium (Al) using high alkaline liquids produces the

binder required to manufacture the concrete. Hence, concrete with no cement can
be achieved. In this study M20 grade geopolymer concrete was designed and two
trial mixes have been compared with the control specimen. This paper presents
information on fly ash-based geopolymer concrete, material and the mixture
proportions, the manufacturing process, and the influence of various parameters
on the properties of fresh and hardened concrete.

INTRODUCTION

In thiswork, low-calcium (Class F) fly ash-based geopolymer isused asthe binder, instead of Port-
land or other hydraulic cement paste, to produce concrete. The fly ash-based geopolymer paste binds
the loose coarse aggregates, fine aggregates and other un-reacted materials together to form the
geopolymer concrete. The manufacture of geopolymer concreteis carried out using the usual con-
crete technol ogy methods. Geopolymer concrete can be manufactured by using the low-calcium fly
ash obtained from coal-burning power stations (Davidovits 1994). Most of the fly ash available
globally is low-calcium fly ash formed as a by-product of burning anthracite or bituminous coal.
Although coal burning power plants are considered to be environmentally unfriendly, the extent of
power generated by these plantsis on the increase due to the huge reserves of good quality coal
available worldwide and the low cost of power produced from these sources. Low-calcium fly ash
hasbeen successfully used to manufacture geopolymer concrete when al uminium oxides congtituted
about 80% by mass, with the Si-to-Al ratio of about 2. Coarse and fine aggregates used by the
concrete industry are suitable to manufacture geopolymer concrete. The aggregate grading curves
currently used in concrete practice are applicable in the case of geopolymer concrete.

MATERIALS AND METHODS

Ordinary Portland cement OPC 53 grade confirmingto 1S 12269-1987 was used in the investigation.
Locally available river sand conforming to zone Il of 1S 383-1970 was used as fine aggregate.
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Twenty mm downgraded crushed granite stone, obtained from local quarry, was used asthe coarse
aggregate. Potable water was used for casting specimens. In thisinvestigation a sul phonated naph-
thalene polymer SUPAFL O superplasticizer was added as admixture. Fly ash procured from Mettur
Thermal Power plant was used as 100% replacement of cement. The technol ogy and the equipment
currently used to manufacture ordinary Portland cement concrete were used to make the geopol ymer
concrete. Chemical propertiesof fly ash aregivenin Table 1.

Geopolymers: Davidovits (1988) proposed that an alkaline liquid could be used to react with the
silicon (Si) and the aluminium (Al) in asource material of geological origin. Because the chemical
reaction that takesplace in this case isa polymerization process.

(-)
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(OH)2

) n | |o |
n(OH)3 -Si-0-Al-O-Si-(OH)s ““OH-KC’”, (Na.K)™ —(-8i-0-A1-0-8i-0-) + nH0
(OH), 0O O 0

Thelast term in equation 2 reveal sthat water isrel eased during the chemical reaction that occurs
in the formation of geopolymers. Thiswater isexpelled from the geopolymer matrix during curing
and further drying periods. Thewater in ageopolymer mixture, therefore, playsnorolein the chemi-
cal reaction that takes place; it merely providesthe workability to the mixture during handling. For
the current study the combination of sodium hydroxide (NaOH) and sodium silicate is used.

Alkalineliquids: The akaline liquid is prepared by mixing both the solutions together at least 24
hours prior to use. The sodium hydroxide solids must be dissolved in water to make a solution with
the required concentration. The concentration of sodium hydroxide solution used is 8 molar. The
mass of NaOH solids was measured as 262 g per kg of NaOH solution with a concentration of
8molar.

Mixing, Casting and Compaction of Geopolymer Concr ete: Inthelaboratory, the fly ash and the
aggregateswere first mixed together dry for about three minutes. Thealkalineliquid was mixed with
the super plasticizer. The liquid component of the mixture was then added to the dry materials and
the mixing continued usually for another four minutes. The workability of the fresh concrete was
measured by means of the conventional slump test.

It wasfound that the fresh fly ash-based geopolymer concrete wasdark in colour (dueto the dark
colour of the fly ash), and was cohesive. Sodium hydroxide solution and sodium silicate solution
were mixed together at least one day prior to adding the liquid to the dry materials (Fig.1). The mix
ratio of M20 grade was cement : F.A:C.A:W/C (1:1.475:3.35:0.5).

Fresh geopolymer concrete: Thefresh concrete (Fig. 2) was cast into the mouldsimmediately after
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Fig. 1: Mixing. Fig. 2: Fresh geopolymer concrete. Fig. 3: Workability test-slump cone.

Table 1: Properties of fly ash.

Chemical properties % by mass 1S:3812-1981 Fly ash MTPP
S0,+Al,0,+Fe,0, 70 90.5
SO, 35 58
Ca0 5 36
S0, 275 18
Na,0 15 2
L.O.l 12 2
MgO 5 191
Table 2 a: Compressive strength. mixing. Thesize of the mould was 150 mm, tested
_ for compressive strength, 150 x 300 mm cylin-
Spgg’;fgn (7,\/?%5 (1,3' E:)‘ys (ZSI E:)‘ys ders for splitting tensile strength in three layers
for both the specimens. For compaction of the
CccM 12 19 24.85 specimens, each layer wasgiven 60 to 80 manual
CCl 7 15.25 21.25 strokes using arodding bar, and then vibrated for
o 82 r 244 12 to 15 seconds on avibrating table. Before the
Table 2b. Split tensile strength. fresh concrete was cast into the moulds, the slump
spec 5 14D 28D value of the fresh concrete was measured (Fig. 3).
ecimen ay's ay's ay's . L - .
Description (MPa) (MPa) (MPa) For the current investigation curing at ambient
temperature was followed.
ccm 1.96 295 324
ccl 185 288 318 RESULTS AND DISCUSSION
cc2 212 2.98 318 i i ) _
: Compressive and split tensile strengths after dif-
CCM = Conventional concrete (M20 grade) ferent days of curing are given in Table 2a and
CC1 = Geopolymer concrete with 0.5 w/b ratio with Table2b
superplasticizer . .
CC2 = Geopolymer concrete for M20 grade. Compressive grength: The compressive strength

of the concrete was determined at the age of 7
days, 14 days, 28 daysusing cubes (Fig. 4). Thetest wascarried out on 100mm x 100mm x 100mm
size cube as per |IS: 516-1959 (BIS 1959). A 2000 kN capacity standard compression testing ma-
chine was used to conduct the test. For the studies on compressive strength, cubes were tested with
areplacement of 100% of mass of cement with fly ash. Three cubes were cast for each proportion.

Attheageof 7, 14, and 28 days, strength of geopolymer concrete with superplasticizer achieved
58.3%, 80.26% and 90.91% when compared to the conventional concrete. For geopolymer concrete
the strength variation was 63.33%, 89.47% and 94.39% when compared to the control specimen.
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Fig . 4: Comparison of conventional concrete and geopolymer concrete for compressive strength.
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Fig . 5: Comparison of conventional concrete and geopolymer concrete for split tensile strength.

Split tensile strength: The split tensile strength of concrete was determined at the age of 7 days, 14
days and 28 days (Fig. 5). The test was carried out on 100 x 200 mm size cylinder. The load was
applied till thefailure of the cylinder specimens.

At the age of 7, 14 and 28 days, strength of geopolymer concrete with superplastsicer achieved

91.18%, 97.62% and 98.15% when compared to the conventional concrete. The strength variation
for geopolymer concrete was 139%, 110% and 134% when compared to the control specimen. Fol-
lowing observationswere made from the results.

Higher theratio of sodium silicate-to-sodium hydroxide ratio by mass, higher isthe compressive
strength of fly ash-based geopolymer concrete.

Longer curing time in ambient temperature, in the range of 7 to 28 days, produces higher
compressive strength of fly ash-based geopolymer concrete.

The addition of naphthal ene sulphonate-based superplasticiser, up to approximately 4% of fly
ash by mass, improvesthe workability of the fresh fly ash-based geopolymer concrete; however,
there is a dight degradation in the compressive strength of hardened concrete when the
superplasticiser dosageis greater than 2%.

The dump value of the fresh fly-ash-based geopolymer concrete increases with the increase of
extrawater .

The fresh fly ash-based geopolymer concrete is easily handled up to 120 minutes without any
sign of setting and without any degradation in the compressive strength.

Asthe H,0O-to-Na,0 molar ratioincreases, the compressive strength of fly ash-based geopolymer
concrete decreases.
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» Astheratio of water-to-geopolymer solids by mass increases, the compressive strength of fly
ash-based geopolymer concrete decreases.

 Theéeffect of the Na,0O-to-Si,O molar ratio onthe compressive strength of fly ash-based geopolymer
concreteisnot significant.

» Thepriceof oneton of fly ashisonly asmall fraction of the price of oneton of Portland cement.
Therefore, after allowing for the price of alkaline liquids needed to the make the geopolymer
concrete, the price of fly ash-based geopolymer concrete is estimated to be about 10 to 30 per-
cent cheaper than that of Portland cement concrete.

CONCLUSIONS

The study has proved that the replacement of cement with hundred percentage of fly ash content
shows that the 7th day strength of ambient-cured specimens depends on the average ambient tem-
perature during the first week after casting; higher the average ambient temperature higher is the
strength. Fly ash-based geopolymer concrete cured in the laboratory under ambient conditions gains
compressive strength with age. Effective use of fly ash can reduce pollution, energy consumption
and savesthe environment.
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INNOVATIONS, NEW ENVIRONMENTAL TECHNOLOGIES

Ener gy Stor age Flywheels

Energy storage flywheels are currently being developed as a viable solution for megawatt-
scale back-up power and for frequency regulation on the grid. LaunchPoint Technologies
magnetically- levitated 'Power Ring’ flywheel will rotate in a complete vacuum at tip speeds
faster than Mach 2. Such speeds are extremely demanding on a system that require precise
control of five levitation axes. LaunchPoint engineers are currently developing innovative
adaptive control techniquesthat will enable the cost-effective and reliabl e operation of maglev
high-speed energy storage flywheels.

To be effective, energy storage flywheel smust be able to generate power on the megawatt scale
which requires high rotational speeds and resultsin high centripetal forces. To achieve these
speeds, the flywheel is constructed of a carbon composite material and is levitated using a
magnetic bearing. It is claimed that research will also be applicable to reducing energy
consumption in many of the high speed machines.

Launchpoint Technologies,Inc, August 5, 2009
Antimicrobial Surfaces

European scientists have created light-activated antimicrobial surfacesby modifying amaterial
used in medical deviceswith tiny amounts of commonly used dyes. Siliconeisused in medical
equipment, such as catheters. But bacteria can coloniseits surface so the infections associated
with catheter-use are very common. Ivan Parkin, Mike Wilson, at University College L ondon,
and their colleaguesin the UK and Spain have modified the polymer so that it kills bacteria
whenitisirradiated with alaser or visible light.

Theresearchers coval ently bound organic dye molecul es, methylene blue or toluidine blue O,
to silicone surfaces. The processinvolves dipping a modified silicone in a solution of the dye
for 24 hours, washing and drying it. It uses only small amounts of the dyes (picograms per
mm?2) but isvery effective. After afew minutes exposureto alow power laser, levelsof viable
Escherichiacoli and Staphylococcus epidermidis on the polymeric surfacesdramatically drop:
up to 99.999 percent in the case of S. epidermidis.

The dyeswork by generating reactive oxygen speciesunder light irradiation and it isthese that
aretoxic to the bacteria. The work isan interesting and novel strategy in devel oping effective
antimicrobial coatings for medical surfaces. Research isattributed as significant advancement
in functional coatings.

Europe-Chemical Technology, July 15, 2009




