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Abstract
This article discusses the practicality of replacing Portland cements with alternative hydraulic cements popularly called sustainable cements made with 0.5 or even lower clinker factor. The use of  high volume of fly ash & granulated blast furnace slag (GBFs) or both could result in lowering total CO2 emissions per unit volume of concrete of equivalent performance because most CO2 emissions result directly from the combustion of fossil fuels to produce usable forms of energy. Thus, almost any approach to decreasing fossil fuel consumption should have a similar beneficial effect in reducing CO2 emissions per unit of product. Currently, the cement industry is responding rapidly to the perceived societal need for reduced CO2 emissions by increasing the production of blended Portland cements using supplementary cementitious materials that are principally derived from industrial by-products, such as blast-furnace slag and coal combustion fly ashes. Replacement of clinker with additive materials like flyash / blast furnace slag etc. not only reduces the power consumption, protects the environment, conserve the limestone and coal but also reduces the amount of GHG emission to a great value. The work has been done at CBRI using admixtures like sodium sulfate and super-plasticizer on the compressive strength of cement paste incorporating fly ash and slag upto 70%. At 40% replacement of cement with fly ash (collected from first electro precipitator) using 1% super-plasticizer gives 5% less strength at 28 days but at 90 days it is at par with the control. However with 40% slag at 3, 7 & 28 day strength is at par and slightly more at 90 days when 2% sodium sulfate is added. With 50% replacement the trend is same as with 40% replacement except slightly lower strength upto 7days. With 30% each of fly ash and slag it has been found that 28 & 90 day strength is similar to 50% replacement level. At 70% replacement the strength is low even at 90 days compare to control. However at 360 days compressive strength of cement paste without admixture at 60, 50 and 40% fly ash or slag is at par with the control and with admixture it is more in all the cases.      
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1. Introduction
Sustainable cements with low clinker factor can be made using various SCM’s like fly ash, metakaolin, silica fume and natural pozzolana. If these cements are judiciously blended with proper selection of admixtures, mixture proportioning and curing can noticeably improve the durability of concrete. Cement is the key material to satisfy the global requirement for housing and infrastructure. CO2 emissions and consumption of material and energy is the area of prime concern. Use of alternate materials and energy efficiency are the backbone of cement producers.  There is still a potential to use alternate materials to decrease the clinker factor. Nevertheless, appropriate materials are limited in their regional availability. India is the 2nd largest producer of cement in the world, comprising of large and mini cement plants and the quality of cement and standard of cement produced is par to any cement produced elsewhere. Some of the major players are ACC Ltd., Guajarat Ambuja Groups, Ultra tech, Grasim Industries, JK group, Lafarge, Jaypee group etc. In India likely production of cement by the year 2011 – 12 will be around 250 Million tones. It is estimated that out of this total cement production fly ash based cement will account for nearly 70%. Thus PPC will be able to incorporate appox. 52% flyash. However this is possible if percentage of flyash in PPC increases from 30 to 32% from the existing level of 25% (average). India presently stands as the fourth largest emitter of GHG. Cement industry is one of the major industries releasing appreciable amount of Green House Gases. Of the total national emissions, at present about 8% GHG emissions is due to this industry. The GOI has announced the reduction of GHG emissions intensity by 20-25% of 2005 levels by 2020. This target can only be achieved when all the segments of the economy strive independently to reduce their emissions and help the nation to meet its commitments. Efforts should be made to reduce greenhouse gas emission intensity by 20% from the present levels of 697 kg CO2 /ton of cement to 560 kg CO2 / ton of cement. In cement plant the main sources of emission are calcination where conversion of CaCO3 in the limestone to CaO and CO2, burning of fossil fuel, consumption of electricity produced externally for manufacturing cement & transportation of raw material.  For every 1% of increase in blended cement production, CO2 emission will be reduced by approximately 2.2 – 6.0 kg/MT of cement keeping all the other parameters constant. Cement industry is an energy intensive industry with about 35-45% of the total manufacturing cost. It needs both electrical (mill drives, pumps, fans, conveyors, packer etc) as well as thermal energy (kiln & pre-calciner) for its operation. Cement industry accounts for around 10% of the coal and 6% of the electricity consumed by the Indian industrial sector. The Indian cement plants on an average consume about 82kWh of electrical energy for producing 1 ton of cement. Cement plants require 743kCal of thermal energy for making 1 kg of clinker.  The major use of thermal energy is in kiln and pre-calciner systems. 
2. Materials

Ordinary Portland cement of 43 grade conforming to BIS 8112-2005 [14], Fly ash of first field collected from thermal power plant near Delhi and slag were used for preparation of cement cubes. The chemical composition of these cementitious materials used in the present study is given in Table 1. Technical grade sodium sulfate was used as chemical activator. Superplasticizer (SP) based on sulphonated naphthalene formaldehyde condensate (SNF) conforming to BIS 9103 (2004) was used in the present study. 

Table1. Chemical/Physical composition of Cementitious Materials
	
Composition,%
	Cement
	Fly ash
	Slag

	SiO2
	20.5
	60.24
	33.95

	Al2O3
	3.8
	25.14
	10.53

	Fe2O3
	2.6
	4.75
	1.25

	CaO
	60.5
	3.10
	40.40

	MgO
	3.2
	
	8.65

	Chloride content
	
	
	0.03

	SO3
	2.5
	1.35
	0.10

	CaO+MgO+ SiO2
	-
	-
	83.0

	SiO2 + Al2O3 + Fe2O3 
	-
	90.13
	-

	LOI
	1.0
	1.32
	0.54

	Fineness cm2/gm
	3100
	2850
	4020


 3. Experimental procedure preparation of blended cement cubes 

Cement mixes incorporating fly ash/slag percentages, different mixtures were prepared in the present study. The details of blending proportion are given in Table no. 2[34-35]. The mixtures were blended in the powder mixture for 10 minutes. Cement cubes of 25mm of various mixtures were cast with and without super plasticizer at the same consistency level. After demoulding at 24 hours the cubes were cured at temperature 27+20C with relative humidity not less than 95% in the humidity chamber. The compressive strength of these cubes was determined at different time interval of 3, 7, 28, 90 and 360 days. The results are given in Table no. 3 & figure 4.
4. Results and discussion

X -ray of cement, flyash and slag are given in fig.nos.1-3. Where as X-ray of cement and fly ash are normal, however in case of slag X-ray shows low crystallinity nature. A small peak of Calcite, Merwinite (2CaO. Al2O3.SiO2) and Melilite (solution of gehlenite and akernite) is visible in the X-ray. It is clear from the table no.  3 that when 40% cement is replaced by fly ash compressive strength drops from 34, 20, 10% and at par at 90 days. When 1% SP is used, drop in strength is 20, 13, 3% at 3,7 and 28 days. Thus at 28 days with the use of SP, strength is at par compare to 10% drop when no SP is used. Similar trend has been found with 40% slag without activator (sodium sulphate). However, when 2% activator is used 3 day strength is slightly more than the control and at 28 and 90 days the strength is more than the control. In case of 50% replacement when no admixture is used, the drop in strength is from 47% (3days) to 17% (28 days) and 13% at 90 days. With 1% SP the drop in strength is from 33% (3days) to13% (28days) and   3% at 90 days, suggesting thereby that with the use of SP the drop in strength at 28 days is equivalent to 90 days when no admixture is used. In case of slag drop in strength is 28% (3days) to 12% (28days) and 2.5% at 90 days. In case of 60% replacement of cement by flyash/slag or blending of two, it is found that without any admixture strength drops from 62% (3day), 52% (7day), 20% (28day) to 17% at 90 days. However in case of fly ash with 1% SP the trend is from 42% to less than 10% at 90 days. Similarly for slag it drops from 32% to less than 10% at 90 days. With 70% replacement the drop in strength at 90 days is 35, 22 and 21% without admixture and with 1%SP and 2% sodium sulphate the drop in strength is less than 15%. No synergic effect of superplasticizer has been observed when sodium sulphate has been used as an activator in slag and fly ash systems and vice versa for fly ash slag systems. Effect of additional dosage of SP and sodium sulphate has not resulted in any gains. Further, it is clear from the table that at 360 days compressive strength of cement paste without admixture at 60, 50 and 40% fly ash or slag is at par with the control and with admixture it is more in all the cases. In 70% replacement the strength is comparable to 90 days of control. Only exception found is when 4% sodium sulphate and combination of SP and sodium sulphate is used. In both the cases 40% is slag. Since slag is most like portland cement and least like a pozzolana. In contrast with early strength development of the blended paste is better than the reference paste. The mechanism of activation [15] by sodium sulfate on blended cement can be explained by assuming that the sulfate ions reacts with the calcium ions dissolved from the cement minerals results in the formation of gypsum, which act as nuclei for ettringite and CSH gel. During this process calcium ions depletes and thus accelerates the dissolution of cement minerals such as alite and belite. The function of sodium ions is to increase the pH of the paste, which helps in the dissolution of amorphous silica oxide and aluminum oxide. The dissolved oxides react with calcium hydroxide to form CSH gel.   

It has been observed that the hydration properties of the blended pastes are function of water to binder ratio, cement replacement level by pozzolanic materials and curing age. Further pastes containing fly ash exhibited strongly reduced early strength, especially at higher levels of replacement (>40%). In the case of increase in fly ash content, the hydration degree of cement increases, but the pozzolanic reaction degree of fly ash reduces. The active effect of fly ash is composed of pozzolanic activity of fly ash itself and promoting role of fly ash to the hydration of cement. However, total hydration degree of the system reduces with the increase of the fly ash content because the activity of fly ash is lower than cement [16-20].
Table 2. Mixture Proportions of Blended Cement Pastes
	System
	Cement %
	Flyash %
	Slag %
	Admixture %

	1

3

5

7

9

11

13

15

17

19

21

25

26

36

37
	100

60

60

60

60

60

60

50

50

50

50

40

40

30

30
	-

40

40

-

-

20

20

30

30

30

20

30

30

30

30
	-

-

-
40

40

20

20

20

20

20

30

30

30

40

40
	-

-

1.0sp

-

2.0act

-

2.0act

-

2.0act

1.0sp

2.0act

1%sp

2.0Act

4.0%Act

2.0%sp+Act

	
	
	
	
	


Table 3. Comparative strength of blended cement
	System
	3d
	7d
	28d
	90d
	360d

	1
	32.3
	48.5
	58.1
	63.5
	66.3

	3
	22.1
	37.4
	51.8
	62.3
	66.2

	5
	25.5
	41.9
	56.5
	63.8
	67.1

	7
	26.0
	41.5
	52.8
	64.0
	68.5

	9
	36.8
	45.6
	57.6
	65.5
	69.6

	11
	20.8
	28.6
	51.6
	59.0
	64.5

	13
	26.4
	30.5
	55.1
	60.5
	65.6

	15
	17.2
	26.1
	48.1
	55.0
	61.1

	17
	23.4
	32.5
	52.4
	61.2
	65.9

	19
	26.0
	38.0
	51.0
	61.5
	66.0

	21
	30.3
	35.1
	52.7
	61.1
	66.9
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5. Conclusion
 It can be concluded from the present study that:
1.  Fly ash collected from first hopper can be blended upto 50% (30% fly ash+20% slag)    by    

     using admixture with strength at 90 days at par with control.

2.  Similarly slag can be blended with 20% fly ash and use of activator the strength at 90 days  

     is equivalent to control. 

 3. 60% SCM’s can be blended considering difference of (23%) in 43grade and 33grade OPC  

     compressive strength when tested as per BIS 12269-2005 and 8112-2005. 

4.  Use of chemical admixtures can reduce the clinker and make the cement sustainable. 

5.  Thus with 50% replacement clinker factor of cement and equivalent amount of carbon  

     dioxide can be reduced.  Further saving of 50% clinker will not only save our natural   

     resources but also precious thermal & electrical requirements. Hence sustainable cements   

     play an important role in the conservation of energy in the building sector. In the portland 
     clinker manufacturing process, direct release of CO2 occurs from two sources, namely the   

     decomposition of calcium carbonate (the principal raw material) and the combustion of     

     fossil fuels. The former accounts for about 0.6 kg CO2/kg clinker and the latter 0.25-0.35   

     kg CO2/kg clinker (depending on the carbon content of the fossil fuel); the global average 
     being 0.9 kg CO2/kg clinker. Alternate sources of energy other than fossil fuels are being 
     sought but, at present, they are too expensive. 
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Figure 1.  XRD profile of cement
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Figure 2. XRD profile of flyash
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Figure 3.  XRD profile of slag








Figure 4. Test Mix giving comparable strength











