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1( OPC) agrlald Suidyhy 530 IS dutbeesS AlgS

Lme@O  Ot6™m%
Slica (S02) 17t025%
Alumina (A208) 3to8%

Iron oxide (Fe203) 05t06%
Magnesia (My0) 0.1to4%
Sulphur triaxide (S8) 1to3%
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Table 1.1 chemical ﬁiesd ﬁland cement :

Specific Gravity 312

Normal Consistency 29%

Initial Setting tine 65min

Anal Setting time 275 min
Fneness 330 kg/n2
Soundness 25nmm

Bulk Density 830-1650 kg/n3
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Table 1.1 Geopolymer concrete VS OPC:
Properties Portland Geopolymer Remark

Cement
Physical and mechanical Properties :

Setting Time 30 to 300mint 10 to 60 mint  Usually set faster than Portland cement,
but depends on raw material reactivity
and alkali concentration.

Compressive 33-53Mpa after  30-120 Mpa after Strength can tailored by optimizing raw

Strength 28days 7days material reactivity and alkali
concentration.

Durability Moderate More durable Geopolymer systems are Alumino- silicate
than Portland based system which are resistant to acid
cement attack.

Environmental Impact :

CO, emission 800-900 kg/ton 150-200 kg/ton  CO, emission in geopolymer is during
production of alkali hydroxide and silicate
from carbonates.

Embodied 4000-4400 2000-2400 As is mostly uses of waste and by products
energy Mj/ton Mij/ton with no embodied energy.
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solution material
| I
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K,Sio, Z__ Na,Sio Fly ash R I Metakaolin
| Tempareture | | Tempareture |
D | OR
OR ¥ ™ Blast

D y Silica Furnace
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Manufacturing Process

@( coarse and fine aggregate with fly ash for 3mint

) 4

C Adding alkaline Solution + Extra water )

C Casting in to mold after mixing )

C Compaction and vibration then left in air >

Gpecimens were heat cured in the oven with differD
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H/SALis as strong as normal concrete but only half as heavy
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Table 2.Detail of item and total cost of hoth OPC and Geopolymer concrete for one cubic
metric:

Cost Geopolymer concrete

. rate Mix content Cost of the Mix content Cost of the
Consistence (usd/kg (Kg/m®) consister;ce (Kg/m?) consistence (usd/m?)
(usd/m?)
OPC 0.1 370 37 - -

Fly ash 0.008 - - 303.75 2.65
Ground granulated 0.031 - - 101.25 3.1
blast-furnace slag (

GGBFS)
NaOH 0.12 - - 40.5 4.86
Na,Sio, 0.12 - - 101.25 12.65
Fine aggregate 0.0016 683 10.93 683 10.93
Coarse aggregate 0.0014 1289 18.04 1269 17.76
Water 0 148 0 40.5 0
Total 2493.7 Kg/m®  65.97 USD/m3  2543.7 Kg/m® 51.95 USD/m®

Table 3.Chemical analysis and physical properties of local fly ash.
Chemical composition:

Oxides Content % Requirements of classl N pozzolanl
(ASTM 618-02)

Si02 35.99 >70

Fe203 14.83

Al203 27.70

CaO 8.31

MgO 1.18

K20 2.68

Na20 0.83

SO3 2.79 Max. 4%

L.O.l 5.06 Max. 10%

Physical properties *

Specific surface areal 1650 -
m2/Kg

Specific gravity 1.7 -
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Table 4. Chemical analysis of foreign fly ash:

Oxide Content, %
SiO2 56.29
Al203 28.12
Fe203 5.32
CaO 2.21
MgO 0.98
SO3 0.67
Na20 0.21
K20 2.32
L.O.l 2.77

Chemical tests were conducted by national center for construction laboratories and
research

Table 5. Chemical requirements of natural pozzolan according to the
ASTM C 6181 (ASTM C 618, 2002).

Oxide composition Pozzolan class  Fly
F ash

SiO2+AI203+Fe203, min. 70 89.73
percent .
SO3, max. percent . 5 0.67
Loss on ignitionl, max. 6 2.77
percent .
12| Page
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Table 6. Energy needs and CO2 emissions for 1 ton of Portland cement and

Rock-based

Portland Cement 4270 430 0 4700
GP-cement, slag by-product 1200 390 375 1965
GP-cement, slag 1950 390 375 2715
manufacture

CO2 emissions (tonne)

Portland Cement 1 0.02 1.02
GP-cement, slag by-product 0.14 0.018 0.05 0.208
GP-cement, slag 0.24 0.018 0.05 0.308
manufacture

Table 6. Energy needs According to the US Portland Cement Association (2006), energy needs
for Portland cement is in the range of 4700 MJ/tonne (average). The calculation for Rock-
based geopolymer cement is performed with following parameters: - the blast furnace slag is
available as by-product from the steel industry (no additional energy needed); - or must be
manufactured (re-smelting from non granulated slag or from geological resources). In the most
favorable case — slag availability as by-product — there is a reduction of 59% of the energy
cement in comparison with Portland needs in the manufacture of Rock-based geopolymer
cement. In the least favorable case —slag manufacture — the reduction reaches 43%. 4.2.1.2
CO2 emissions during manufacture in the most favorable case — slag availability as by-
product — there is a reduction of 80% of the CO2 emission during manufacture of Rock-based
geopolymer cement in comparison with Portland cement. In the least favorable case —slag
.manufacture — the reduction reaches 70%
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