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Abstract

In this investigation the goal is to prepare different blended cements by blending
various mixes using electric arc furnace slag EAFS (90%OPC+10%EAFS) mixes,
(80%0OPC+20%EAFS) and (70%0OPC+30%EAFS) .These materials are combined with
different w/s ratios then poured into 1 inch cubic moulds and left within the moulds at room
temperature (25+1°C) and 100% relative humidity for 1day.They are then taken out of
moulds and cured under tap water for 3,7,28,90 and 180 days. For each hydration time,
combined water, compressive strength, total porosity and bulk density .The X-ray diffraction
patterns are then registered. The results show that the blends containing
(90%0OPC+10%EAFS) and (80%0OPC+20%EAFS) are the best blended pastes.
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I. Introduction
Cement is a finely grey powder .Which is used and mixed with water to form a hardening
paste of calcium aluminate hydrates (CAH) and calcium silicate hydrates (CSH). Cement is
used in concrete by mixing with sand, aggregate and water. Also cement is used in mortar by
binding together with stones or brick. By changing the raw material mix and the temperature
used in its production, compositional changes occured that lead to production of cements with
different properties. Cement is composed from raw materials such as limestone, chalk, shale,
clay, and sand. These contents are whisked, cracked and mixed to the correct chemical
composition. Small amounts of additives such as alumina sources, iron ore and other mineral
supplies may be added to complete the contents. A large kiln is needed for feeding raw
materials, which form a hard material product called “clinker” as a result of the extremely
high temperature that reach almost t01450°C. . About 5 percent gypsum is added to the
Clinker after being grounded and other minor additives to produce Portland cement after

being cooled.
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TheCement industry is one of the main industries that emit CO: in high quantities as a result
of the fuel combustion besides the de-carbonation of limestone. About 900kg of CO. are
emitted for every 1000kg of cement produced, CO2 emissions cause bad weather conditions,
ecosystems damage and climate change, besides the emission of SOx, NOx and particulate
matter that harm the health of humans and livestocks [5]. As a result, the use of cementitious
materials such as industrial wastes and pozzalana (siliceous/aluminous materials) is increased

for replacing partially Portland cement and forming blended cement [1].

Blended cement

Blended cements are produced by partial replacement of OPC with one or more
SCMs (supplementary cementing materials) such as pozzalana which improves long-term
strength and durability. reduces quantity of landfilled wastes and reduces the quantity of
clinker required . SCM is one of the most sustainable produced substances as it recovers a
commercial byproduct through beneficial use when incorporated into concrete it also avoids
disposal of industrial byproducts, increases structure service life by improving the durability
of concrete and reduces Portland cement content in concrete, that reduces the use of natural

raw materials and hence reduce emissions of greenhouse gas [6].

Pozzalana
According to ACI, pozzalana is a siliceous or a siliceous and aluminous material
that in itself possesses little or no cementicious value, but in presence of moisture it
chemically reacts with calcium hydroxide (lime) or any other alkalis at ordinary temperature
to form compounds having high cementicious properities. To obtain strength a highly
reactive pozzalan has more cementicious strength value than a lower reactive pozzalan. The
quantity of cement reduction would be greater with a more reactive pozzolan, artificial and

natural pozzolana are two types of Pozzolanic materials,.

(1) Natural pozzolans are natural products such as (volcanic ash, volcanic tuff) and

agricultural products as rice-husk ash and wood ash.

(2) Artificial pozzolans are almost industrial by-products. They consist of burnt clay
and some industrial wastes (e.g. slag , silica fume and cement kiln dust) even fly ash
produced by coal burning plants; incineration of municipal solid wastes and other

treated calcined materials, such as rice husk ashes ,burned clay shales (metakaoline)
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waste glasses and burned organic matter . These industrial wastes contain major

constituents as SiOz, Al,O3z, Fe>03, CaO, MgO and other minor oxides.

Pozzolanic reaction:

Pozzalanic reaction takes place when quantities of reactive SiO2, Al,Oz and CaO
are mixed with water, CaO is added as Lime or cement, which in the hydration process
liberates OH" ions, consequently increases pH value up to 12.4 that enhances, the pozzolanic
reaction, Si and Al combine with Ca forming Calcium Silicate Hydrate (CSH) and Calcium
Aluminate Hydrate (CAH) [3], [7], [8], [4].[2].

Ca(OH), — Ca'™ + 20H
Ca*? +20H +Si0, —— » CSH
Ca*?+20H + AhbO; —— » CAH

Il. Experimental Work

The materials used in this study are , electric arc furnace slag (EAFS) and ordinary
Portland cement(OPC). The chemical composition of the starting materials are given in Table
(1) Different mixes are prepared by mixing the constituents with different ratios as shown in
Table (2).
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Table (1): The chemical composition of the starting materials

MixAbb.
EAFS
OPC
Oxides,%
SiO»
20.18 18.3
AlO3
471 4.75
Fe O3
3.90 10.90
CaO
63.90 36.60
MgO
1.98 11.60
SO3
2.98 1.250
K>,O
0.29 0.191
Nazo -
0.50
Cl
0.29 0.204
L.O.1
0.90 13.2
Total
99.63 96.99

Mix Abb. refers to mix abbreviation
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Table (2): composition of the prepared mixes.

No. Mix Abb. OPC% | EAFS%
1 C 100 -
2 CAl 90 10
3 CA2 80 20
4 CA3 70 30

Blended cement is obtained by the addition of (EAFS) to (OPC) in the ratios 10, 20
and 30 %, as shown in Table (2) then adding the suitable amount of water with different w/s
ratios. The paste is placed in the stainless steel mold 1- cubic inch -shaped molds, and
immediately placed in humidifier (100% R .H.) at room temperature (25+1°C) for the first 24
hrs . After this period ,the cubes are removed from the mold and cured under tap water until
the required time of testing 3,7,28,90,and 180 days.

The hydration characteristics of the different mixes have been tested via determination
of compressive strength, combined water, bulk density, total porosity. The formed hydration

products are determined by XRD analysis.

After compressive strength measurements a few grams is taken from the crushed
cubes and stirred with about 100 ml of (1:1 v/v) methyl alcohol and acetone to stop the

hydration. After filtration the sample is dried at 100 °C for 24 hrs, and then kept for analysis.

I1l. Results and discussions

1. A.1. Compressive strength
The compressive strength of blended— EAF binder cured up to 180 days shown in
graphically represented in Figure (1). It is shown that as the curing time proceeds for all the
hardened pastes, the compressive strength increases. This may be due to the accumulation of
a great quantityof hydration products, which enter the pores to form a more rigid structure.
10 % ,20%EAFS gives the highest values of compressive strength of the blended cement —

EAFS mixes this is due to the acceleration of the activation process caused by slag.
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Fig.1 Compressive strength in kg cm? of OPC-EAFS blended mixes cured in H20 up to 180
days.

I11.A.2. Chemically combined water contents
The results of chemically combined water contents of the blended OPC —-EAFS
pastes are represented in Figure (2). The combined water contents depend on the
quantiti and kind of the hydration products. As the curing time proceeds for all mixes
containing OPC-EAFS the chemically combined water contents increases indicating

more hydration products are present and precipitated in the open pores.
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Fig.2 Chemically combined water content in % of OPC-EAFS blended mixes cured
up to 180 days
I11.A.3. Bulk density:
The determined bulk density of OPC — EAFS pastes treated up to 180 days in water is
graphically represented in Figure (3). It is obvious that as the curing time for all mixes
develops, the bulk density increases. This means that as the hydration products are

perciptated in the open pores as the hydration proceeds, therefore the bulk density increases.
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Fig.3 Bulk density in g cm™ of OPC-EAFS blended mixes cured up to 180 days.

I11.A.4. Total porosity
The results of total porosity of blended OPC — EAFS pastes treated up to 180 days in
water are graphically represented in Figure (4). It is clear that all the values of total porosity
decrease with treating time. These result indicate that the hydration products may be
precipitated to fill up the pores to minimum values at 180 days. These results agree with

those data obtained for the compressive strength and other investigation tests.
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Fig.4 Total porosity in % of OPC-EAFS blended mixes cured up to 180 days

A.5. X-ray diffraction analysis

XRD patterns of OPC-EAFS (CA1- CA 2-CA3) are shown in Figs. (5,6,7), the peak can be
observed in the range of 29.22 — 30.81°which is for CSH is increased in the mix CA2 and
CAS3 more than that appeared in CA1, 26 changes with curing time up to 90 days, the
presence of the strong peaks at d = 3.05 and 2.11 A° is attributed to CSH phase (okenite),and
the presence of other phases such as portlandite(CH) at d = 4.69 ,3.13 °,2.64 A° and
quartz(SiO2) at d=3.41 A°. The intensity of CH peaks increase with increasing EAFS
percentage as shown in Figs.5,6 and 7 due to EAFS contain high percentage of CaO .
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Fig.5 X-ray diffraction patterns for the mix( OPC+10%EAFS) (CAl)
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Fig.6 X-ray diffraction patterns for the mix OPC+20%EAFS) (CA2)
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Fig.7 X-ray diffraction patterns for the mix (OPC+30%EAFS) (CA3)
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Conclusion

The following conclusion that can be derived from this study is that:
The optimum replacement of OPC by EAFS that causes an increase in the
compressive strength compared to neat OPC is 10% and 20 % because EAFS
contains aluminates and silicates that combine with the calcium liberated from the
cement hydration and forming CASH gel binder .
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