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Abstract

There is no doubt that the type and properties of cement extremely affect the general
properties of produced concrete .Cement is one of the main ingredients of cement past phase
in concrete. In present study chemical and physical properties of four types of Portland
cement available in Iragi loca market were studied ,these types as follow : two types of
ordinary Portland cement Kubaisa (Iragi cement) and Ismnta (Jordanian cement) and the
others of sulfate resisting cement Torab alsabia (Lebanese cement ) and Al-gam (lraqi
cement).Chemical analysis of the four types of cement were conducted in Baghdad central
laboratory in National Center for Constructional Laboratories and Researches (NCCLR) and
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Al-gaim factory laboratory .The physical tests were conducted in the concrete laboratory of
Al_anbar university-college of engineering including standard cement paste ,initial and final
setting and compressive strength of cement mortars.

The results indicate that the local cement (Kubaisa and Al-gaim) showed better performance
than imported cement (Ismnta and Torab alsabia) in most tested chemica and physical
properties .Kubaisa cement showed 34.1 % , 35.5 % higher compressive strength compared
with Ismnta cement at 3 and 7 day respectively and lower loss on ignition and insoluble
residue . The major compounds of Kubaisa cement were nearest to those in typical cement.
For sulfate resisting cement , Al-gaim cement showed 13.3 % higher compressive strength at
7 day and lower percentage of C3A (1.95%) . Torab asabia cement exceed the limits of Iragi
standard 1.0.S No.5 1984.

1-Background

Directly or indirectly, our life is affected by cement, which is the
fundamental ingredient of concrete. Cement, in general sense of the word, can
be described as a material with adhesive and cohesive properties, which makes it
capable of bonding mineral fragments into compact whole
[1]. Perhaps one of the greatest challenges facing the cement and concrete
industry is to produce materials that are both highly durable and economic.
Some of the latest developments in cement and concrete materials used for
infrastructure are cement-based composites, concrete admixtures, fiber-
reinforced concrete, polymer concretes, and high-strength concrete [2]. To
assure high quality and avoid problems in performance throughout the life of
concrete, it is essential to have reliable information about cement and its
properties.
As it is well known that, cement test falls into two main areas. chemical and
physical tests . Therefore, cement is tested to fulfill the following objectives[3]:

1- provide information about cement properties

2- Give chemical and physical test results on cement to permit comparison

with standards and\or previous tests results for historical evaluation.
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3- Provide guide lines (for example concrete results) for field utilization of
products.

In general, cement chemists use the following the abbreviations. C =Ca0;
SS02; A=AI203; F=Fe203; S=S03; H=H20. Anhydrous Portland cement is a
gray powder composed of angular particles typically ranging in the size from 1
to 50 um. It is produced by pulverizing the clinker being a heterogeneous
mixture of several compounds produced by high-temperature reactions between
calcium oxide (CaO), silica (S0Oz2), alumina (Al2 O3 ), and iron oxide (FexO3 )
with a small amount of 6 % calcium sulfate (gypsum: CaS04.2H20 ). The major
compounds of Portland cement are C3S (tricalcium silicate called as alite phase),
C2S (dicalcium silicate called as belite), C3A (tricalcium aluminate called as
aluminate phase), and C4AF (tetricalcium aluminoferrite called as ferrite
phase). The actual properties of various compounds vary considerably from
cement to cement, and indeed different types of cement are obtained by suitable
proportioning of raw materials [4].Nowadays, Iragq imports many types of
cement from different sources. The investigations presented in this paper is
aimed to show the validity of two exports cements which is more available in

Iragi local markets and compared them with Iragi cement

2-Manifucturing process of cement

The basic chemistry of cement manufacturing process is with the decomposition
of calcium carbonate CaCOs3 at about 900 C to leave calcium oxide CaO and
librates gaseous carbon dioxide CO2 .This processes is known as calcinations
.This followed by clinking process in which the calcium oxide reacts at high
temperature ( typically 1400-1500 C ) with silica, alumina and ferries oxide to
form the silicates , aluminates and ferrites of calcium ,which comprise the
clinker .The clinker then ground or milled together with gypsum and other

additives to produce cement [5].
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There are three main steps in cement production as shown in Flow chart (1)

which are [6]:-

1. Preparing the raw materials.

2. Producing clinker, an intermediate.

3. Grinding and blending clinker with other products to make cement.

Additives
preparation
Crushing drying

Raw materials
supply
Quarrying, mining, Fuels preparation
crushing
v
Raw Pyr o-
materials processing
preparation Clinker Preheat_i ng, Clinker
Grindi ng, calcinations,
homogenizing | Production clinkering, Nodules
drying or cooling
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Flow chart.( 1) Process stepsin cement manufacturing [6]

3-Hydration of cement

In cement chemistry, the term ‘hydration' denotes the totality of the changes that
occur when anhydrous cement, or one of its constituent phases, is mixed with
water. The chemica reactions taking place are generally more complex than
simple conversions of anhydrous compounds into the corresponding hydrates. A
mixture of cement and water in such proportions that setting and hardening
occurs is called a paste, the meaning of this term being extended to include the
hardened material. The water to cement (w/c) or water/ solid (w/s) ratio refers to
proportions by weight; for a paste, it is typically 0.3-0.6. Setting is stiffening
without significant development of compressive strength, and typically occurs
within a few hours. Hardening is significant development of compressive
strength, and is normally a slower process. Curing means storage under
conditions such that hydration occurs; conditions commonly employed in
laboratory studies include storage in moist air initially and in water after the first
24 h, storage in air of 100% relative humidity and, less favorable for reaction,
storage in a sealed container. Because Portland cement is a relatively complex
mixture, many studies having the aim of elucidating its hydration chemistry
have been made on its constituent phases. For a given particle size distribution
and w s ratio, tricalcium silicate or alite sets and hardens in a manner similar to
that of a typical Portland cement. Using XRD and other methods, it may be
shown that about 70% of the C3S typically reacts in 28 days and virtualy all in 1

year, and that the products are calcium hydroxide (CH) and a nearly amorphous
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calcium silicate hydrate having the properties of a rigid gel. C2S behaves
similarly, but much less CH is formed and reaction is dower, about 30%
typically reacting in 28 days and 90% in | year. In both cases, reaction rates
depend on particle size distribution and other factors. Development of
compressive strength runs roughly paralel to the course of the chemical
reactions, and the strengths at 1 year are comparable to those of Portland
cements of the same w/s ratio and cured under the same conditions. The calcium
silicate hydrate formed on paste hydration of C3S or C2S is a particular variety
of C-S-H, which is a generic name for any amorphous or poorly crystalline
calcium silicate hydrate. [7]

Calcium sulfoaluminate hydrates (C3A +water) occupy 15 percent to 20 percent
of the solids volume in the hydrated paste. Thus, it takes part in only a minor
role in the microstructure-property relationships. During the early stages of
hydration, the sulfate/alumina ionic ratio of the solution phase is generally the
formation of trisulfate hydrate (Ce ASs H3z2 ), which aso called ettringite.
Ettringite forms into long rods or needles with parallel sides that have no
branches. In pastes of ordinary Portland cement, ettringite eventually transforms
to the monosulfate hydrate (C4 ASH18 ), which forms hexagonal-plate crystals.
The presence of the monosulfate hydrate in Portland cement concrete makes the
vulnerable concrete to sulfate attack. It should be noted that both ettringite and
the monosulfate contain small amounts of iron, which can substitute for the
auminum ions in the crysta structure. Depending on the particle size
distribution of the anhydrous cement and the degree of hydration, some
anhydrates clinker grains may be found in the microstructure of hydrated cement
paste, even long after hydration. The clinker particles in modern Portland
cement generally conform to the size range 1 um to 50 um. With the progress of
the hydration process, the smaller particles dissolve first and disappear from the
system, then the larger particles become smaller. Because of the limited

available space between the particles, the hydration products tend to crystallize
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in close proximity to the hydrating clinker particles, which gives the appearance
of a coating formation around them. At later ages, hydration of clinker particles
due to the lack of available space results in the formation of a very dense
hydration product, the morphology of which may resemble the original clinker
particle. Plot (1) shows a model of well-hydrated Portland cement paste [4].

Plot (1) M odel of a well-hydrated Portland cement paste [4]

In Plot (1), A represents aggregation of poorly crystalline C-S-H particles

which have at least one colloidal dimension (1 um to 100 um). Inter-particle
gpacing 10 within an aggregation is 0.5 nm to 3.0 nm (average 1.5 nm). H
represents hexagonal crystalline products such as CH , C4 ASH1s, C4 ASH19 .
They form large crystals, typically 1 um wide. C represents capillary cavities or
voids which exist when the spaces originally occupied with water do not get
completely filed with the hydration products of cement. The size of capillary
voids ranges from 10 nm to 1 um, but in well-hydrated pastes with low water

ratio to cement, they are less than 100 nm.
4- Experimental work

4-1 M aterials
4-1-1 Cement
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Four types of Portland cement produced by Kubaisa cement factory (Iragi cement) ,Ismanta company
(Jordanian cement) ,Al-gaim cement factory (Iragi cement) and Toraba company (Lebanon cement) were used

throughout this study .

4-1-2 Standard fine aggr egate

A normal weight sand from Al_bokirbeet quarry of 4.75 mm maximum size was used to obtain standard fine

aggregate .The following condition should be afford in such sand according to BS :part 12: 1970 [8] :-
1- Saturated surfacedry (SSD) .

2- Lossin HCI acid not exceed 0.25 %.

3- Completely pass from sieve 850 .

4- Pass from sieve 600 p not exceed 10 %.

4-1-3 Water

Potable water without tests was used with all types of cement.
4-2 Mixing of Samples

All samples of cement paste used in standard cement paste, initial and final setting tests were mixed manually for 4+ 1\4 minutes. In
compressive strength of cement mortar specimens ,the dry mixed ingredients 1 : 3 (cement +standard sand ) were mixed for one minute to
ensure the homogeneity and to split the agglomerations of cement particle .Therequired quality of water was added to the mix and the whole
constitutes were mixed for 4+1\4 minutes .

4-3 Prepar ation, casting, curing and types of the test specimens

Steel molds 70X70X70 mm were used for casting the compressive
strength specimens of cement mortar .Before casting the molds were cleaned
and oiled to avoid the adhesion of hardened mortar to the inside faces of molds.
The fresh mortar was placed inside the molds with and consolidated by the mean
of vibrating table for a sufficient period . .After casting ,the mortar surface was
leveled and covered with nylon sheets to prevent evaporation of water so as to
avoid the plastic shrinkage cracks. On the second day the specimens were
demolded, marked and immersed in tap water until the test age..
4-4 Testing program

4-4-1 Chemical analysis

For the cement sector, cement isusually tested asa composite sample basis which is particularly true for the high consumption types.
Thus samples are taken during the quality control testing operation .A composite sampleis prepared from these operation ,we ghed according
to the production rates of different production lines. In present study the samples are taken from different batches of cement.

76



| JCE-10" ISSUE March-2008

The test was performed in Baghdad central laboratory in National Center for Constructional Laboratories and Researches (NCCL R)and
laboratory of Al-giam cement factory.

4-4-2 Physical properties

Standard cement paste, initial and final setting and compressive strength of cement mortar tests were performed according to BS: part
12:1970[8].

The compressive strength of cement mortars were conducted on 70 mm cubes. The test was performed at ages 3and 7 days .The recorded
value represents an average of three readings measured on three specimens.

5-1 Results and discussion
5-1-1 Chemical analysis

The chemical analysis of the four types of cement tested in present study
are listed in Tables 1, 3, 5 and 7 .From these tables, it can see that the major
oxides of Kubaisa cement were near those in typical cement Table 9 [9] more
than Ismnta cement due to the quality control of mixing raw materials during
manufacturing process .This inflected on the calculation of magjor compounds of
cement using Bogue equations .The Ismnta cement showed less percentage of
C3S compared with the Kubaisa cement which was nearest to the typical cement
.On the other hands , the loss on ignition and insoluble residue of Ismnta cement
were exceed the limits of 1.0.S No0.5 1984 [10] .The loss on ignition is increased
when the cement stored for a long periods and this is more likely occurred in
imported than local cement .The percentage of C3A was more in the Jordanian
cement compared with the local cement .This is because the higher percentage
of alumina oxide in the first type of cement .The opposite results obtained for
the percentage of C4AF and that may be related to the high ferrite oxide on the
raw materials of cement on Jordon .The sulfates content in Ismanta was equal to
the upper limit of 1.0.S No.5 1984 and on the same time higher than Kubaisa
cement .

On the other sides for sulfate resisting cement , Al-gaim cement showed
higher percentage of C3S and less percentage of C2S compared with Torab
Alsabia cement .This is surly affected the strength properties of cement where
the silicates in cement are responsible on such properties . The
calcium silicate hydrate formed on paste hydration of C2Sor C3Sis

aparticular variety of C-S-H, which is a generic name for any amorphous
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or poorly crystalline calcium silicate hydrate. Alite is the most important
constituent of al normal Portland cement clinkers, of which it constitutes 50-
70%. It is tricalcium silicate (3Ca0.S102) modified in composition and crystal
structure by incorporation of foreign ions, especially Mg*, Al*

and Fel reacts relatively quickly with water, and in normal Portland cements is
the most important of the constituent phases for strength development; at ages
up to 28 days, it is by far the most important. [7]

It is very important to noticed that the Torab Alsabia cement exceed the limits of
[.0.S No.5 1984 standard in C3A content where the C3A must be less than 3.5 %
to avoid chemical reaction with the salts causing an increase in the volume of
cement paste .Moretheless, causing more cracking in cement paste which allow
the salts effect on decreasing the strength properties and perhaps causing the
corrosion of steel reinforcement in concrete .

The sulfate oxide which represents the quantity of gypsum added to the
cement to control the setting of cement was less in Al-gaim cement compared
with the Torab Alsabia cement due to the higher percentage of C3A in the last
one. It is very important to control the quantity of gypsum because the gypsum
in cement affects not only the setting time. but also the strength development
and the volume stability [7]. The insoluble residue and loss on ignition of Al-
gam cement were less than Torab Alsabia cement this may be related to the
same factors mentioned in ordinary Portland cement. Al-rawi et a [11]
recommended to reduce the upper limit of SO3 in sulfate revisiting cement from

2.5 % to 2% and to increase the upper limit of C3A from 3.5% to 5%.

Table (1) Chemical analysis of Kubaisa cement

[tem Chemical Content Limits of
Composition % .0.SNo.5
1984
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Lime CaO 62.12
Silica SO, 22.56
Alumina AlLO, 4.72
[ron Oxide Fe,0, 2.96
Magnesia MgO 2.91 <5
Sulfates 0, 2.26 <28
Loss on ignition 1.64 <4
(L.O.l)
Insoluble residue (1.R) 1.09 <15
Lime saturation factor 0.86 (0.66-1.02)
(L.SF)
Main compounds % by weight of cement
C,S 38.9
C,S 35.4
C,A 7.51 >5
C,AF 8.99
Table (2) Physical properties of Kubaisa cement
Property Result | Limitsof 1.0.S
No.5 1984
Water cement ratio
(standard cement paste) 0.334
Vicat
Initial setting (Vicat) min. 100 > 45
Final setting (Vicat) hr:min. 3:40 <10
Compressive strength (MPa)
g'gay 16.1 >15
-da
y 23.3 > 23

Table (3) Chemical analysis of | smanta cement
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ltem Chemical Content Limits of
Composition % .0.SNo.5
1984
Lime CaO 55.64
Silica SO, 20.77
Alumina AlLO, 6.41
Iron Oxide Fe,0, 4.24
Magnesia MgO 3.00 <5
Sulfates 0, 2.80 <28
Loss on ignition 4.35 <4
(L.O.I)
Insoluble residue (1.R) 2.63 <15
Lime saturation factor 0.78 (0.66-1.02)
(L.SF)
Main compounds % by weight of cement
C,S 11.48
C,S 50.95
C,A 9.82 >5
C,AF 12.89
Table (4) Physical properties of | smanta cement
Property Result | Limitsof 1.0.S
No.5 1984
Water cement ratio
(standard cement paste) 0.3%4
Vicat
Initial setting (Vicat) min. 70 > 45
Final setting (Vicat) hr:min. 3:10 <10
Compressive strength (MPa)
g'gay 12 >15
-da
y 17.2 > 23

Table (5) Chemical analysis of Torab alsabia cement
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ltem Chemical Content Limits of
Composition % .0.SNo.5
1984
Lime CaO 61.3
Silica SO, 21.85
Alumina AlLO, 5.93
Iron Oxide Fe,0, 341
Magnesia MgO 1.99 <5
Sulfates 0, 2.75 <28
Loss on ignition 2.2 <4
(L.O.l)
Insoluble residue (1.R) 0.88 <15
Lime saturation factor 0.84 (0.66-1.02)
(L.SF)
Main compounds % by weight of cement
C,S 30.9
C,S 39.4
C,A 9.94 <35
C,AF 10.36
Table (6) Physical propertiesof Torab alsabia cement
Property Result | Limitsof 1.0.S
No.5 1984
Water cement ratio
(standard cement paste) 0.36
Vicat
Initial setting (Vicat) min. 110 > 45
Final setting (Vicat) hr:min 3:50 <10
Compressive strength (MPa)
g'gay 17.6 >15
-da
y 21.0 > 23

Table (7) Chemical analysis of Al-gaim cement
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ltem Chemical Content Limits of
Composition % .0.SNo.5
1984
Lime CaO 64.67
Silica SO, 21.86
Alumina AlLO, 4.04
Iron Oxide Fe,0, 5.18
Magnesia MgO 1.30 <5
Sulfates 0, 2.23 <28
Loss on ignition 0.44 <4
(L.O.l)
Insoluble residue (1.R) 0.18 <15
Lime saturation factor 0.91 (0.66-1.02)
(L.SF)
Main compounds % by weight of cement
C,S 56.16
C,S 20.39
C,A 1.95 <35
C,AF 15.75

Table (8) Physical properties of Al-gaim cement

Property Result
Limitsof 1.0.S
No.5 1984
Water cement ratio
(standard cement paste) 0.332
Vicat
Initial setting (Vicat) min. 155 > 45
Final setting (Vicat) hr:min. 4:00 <10
Compressive strength (MPa)
g'gay 17.8 >15
-da
Yy 238 > 23
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Table (9) Chemical analysis of typical cement [§]
ltem Chemical Content Limits of
Composition % .0.SNo.5
1984
Lime CaO 63
Silica SO, 20
Alumina AlLO, 6
[ron Oxide Fe,0, 3
Magnesia MgO 15 <5
Sulfates 0, 2 <28
Loss on ignition 2 <4
(L.O.l)
Insoluble residue (1.R) 0.5 <15
Lime saturation factor (0.66-1.02)
(L.SF)
Main compounds % by weight of cement
C,S 54.1
C,S 16.6
C.,A 10.8 >5
C,AF 9.1
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5-1-2 Physical properties

The results of standard consistence of cement paste and initial and final
setting for the four types of tested cement are illustrated in Figs. 1,2, 3and 4
and listed in Tables 2, 4, 6 and 8 .The results indicate that the Torab asabia
cement showed the higher value of water cement followed by Ismanta cement
then Kubaisa and Al-gam cements respectively .In initial and final setting
results Al-gaim provided a higher initial setting time compared with Torab
alsabia cement due to the lower percentage of C3A which play an important rule
in setting of cement .For ordinary Portland cement Kubaisa showed higher
initial time compared with Ismanta cement in spite of the higher percentage of
C3A for the last one .This may be related to the higher content of C3S in kubaisa
cement which participate in setting of cement at early ages .The final setting
behavior is similar to the initial setting where Al-gaim cement had along time to
achieve the final setting for the two type of sulfate resisting cement and Kubaisa
provided higher final setting for ordinary Portland cement compared with
Ismanta cement. Fig 7 represent the result of compressive strength of cement
mortar .It is clearly from the figure that the Iragi cement ordinary or sulfate
resisting showed a higher compressive strength compared with the to imported
cements .This is as a result of the high percentage of silicates (C2S & C3S) in
Iragi cement which were 74.3 % and 76.55% for Kubaisa and Al-gaim cements
respectively compared with 62.43 % for Ismanta and 70.3 % for Torab alsabia
cement. In addition to the higher percentage of C3S in the two type of Iraqgi
cement compared with the two imported cement where C3S is one of the
important major compounds in cement to achieve a higher strength at early ages

of cement more than the other major compounds C2S.
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Fig.( 2) Results of standard consistence of Al-gaim and Torab alsabia
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Fig.( 3) Results of initial setting of Kubaisa and I smanta cement
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Fig.(4) Results of initial setting of Al-gaim and Torab alsabia cement
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Fig.(5) W/C ratiosto obtain standard consistence for the different type of
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Fig.( 6) Initial and final setting time for the different type of tested cement
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Fig.( 7) Compressive strength of cement mortar for the different type of
tested cement

Conclusions
Based on the results of present study the following conclusions can be drawn :

1-For ordinary Portland cement:
The major oxides of Kubaisa cement were near to thosein typical cement more than | smanta cement.

Theloss onignition and insoluble residue of | smanta cement were exceed the limits of 1.0.SNo.5 1984.
The I smanta cement showed | ess percentage of c3s compared with the Kubaisa cement.

Kubai sa cement showed higher initial time compared with | smanta cement.
The compressive strength of Kubaisa cement was 23.3 MPaat 7-day whileit was 17.2 M Pa for | smanta cement.

2- For sulfateresisting cement:
Torab Alsabia cement exceed the limits of 1.0.S No.5 1984 standard in C3A content.
Theinsoluble residue and loss on ignition of Al-gaim cement were lessthan Torab.
slicates ( C2S & C3S) in Al-gaim cement were 76.55% while it were 70.3 % for Torab al sabia cement

Ininitial and final setting results Al-gaim provided a higher initial setting time compared with Torab al sabia cement.
The compressive strength of Al-gaim cement was 23.8 MPaat 7-day whileit was 21 M Pa for Torab al sabia cement
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