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Abstract. The physico-mechanical properties of hardeneddione-filled cement pastes were studied. Five
filled-cements were prepared from 0, 5, 10, 15 20idvt. % of limestone and OPC. The water of consste
of filled-cement pastes was 0.275, 0.275, 0.27872).and 0.270, respectively. The pastes are mduitde
one inch cubic moulds and left within the mouldsl@0% relative humidity for 24 h, then demoulded an
cured under tap water for 3, 7, 28, and 90 daysash hydration time, the combined water, bulk dgn®tal
porosity and compressive strength of the hardeiled-tement pastes were determined. Some seléttest
cement pastes were investigated using differettimimal analysis (DTA) and scanning electron micopg
(SEM) Techniques. Addition of limestone to Portlacteiment causes an increase of hydration at eadyg ag
inducing a high early strength, but it can redueelaiter strength due to the dilution effect. Tésuits indicate
that the addition of limestone up to 5 wt. % imme\xhe physico-mechanical properties of ordinamtléa
cement which acts as a nucleating agent and aatedethe hydration of filled cement pastes. Thatidof 5

wt. % limestone can be used in the production ofied cement according to the international speatibns.
On the other side, the addition of 10-20 wt. % Bto@e can be used in the production of blendediredn
cements.

1 Introduction (especially the ¢S [11]) at early ages. It improves also
the particle packing of the cementitious systemz],[1
The objective of the present work is to provides new nucleation sites for calcium hydroxitie],
prepare the kind of new coating which preventsir and forms calcium carboaluminate hydrate as residlts
rust; this rust causes corrosion of bodies fabeitabf the reaction between Cag®om and GA from Portland
iron like reinforced steel in buildings constructjacars, clinker [14].
ships and others. Which is a natural material megpa Researchers [15], revealed that the reaction
chemically of kaolin and ceramic waste but aftemy between GA and CaCQ takes place by a solid state
studies have proven the coating role as corrosionmechanism and the addition of CaQ®odifies the initial
inhibitor, which is no longer, confined to add aplbut reaction of GA with water, due to the rapid formation of
many researchs [1]discovered important functioh as hydrated calcium carboaluminate ;£0CaCQ.x H,0)
protecting metals from corrosion when used in the developed on the surface ofACgrains.Accordingly [16],
concrete industry. Limestone is an important matdar hydrated calcium carboaluminate can be formed fiioen
cement manufacture. hexagonal (GAHi3) and cubic (GAHg). Hydration
The addition of limestone to ordinary Portland reactions of C3A in the presence of gypsum haven bee
cement may significantly improve several cement discussed [17]. Initially ettringite crystallizesdathen if
properties such as compressive strength, water mgma the sulfate is consumed before C3A consumption, the
workability, durability [1-5], and can also decreathe ettringite conversion to monosulfoaluminate occdiise
production costs. The effect of small limestoneitioius limestone addition modifies these reactions. Fithg
on both compressive strength and heat of hydragon ettringite formation is accelerated by the presente
relatively well known, but less is known about the CaCQ [14].
dependence of this effect on the clinker propertfes Secondly, the ettringite  conversion to
example GS content), fineness of cement and other monosulfoaluminate hydrate will be delayed or stapp
factors. The influence of limestone depends oA C when a large amount of carbonate is present ipésee.
content of clinker because Cag@roduces calcium This phenomenon occurs because some sulfate ions ca
carboaluminate hydrate during the reaction with GBA  be interchanged by carbonate ions during @ydration
6]. There is also some evidence that finely ground[18]. Carbonate additions also influence the,SC
limestone influences 4§ hydration [7-10]. Limestone hydration [7], which accelerated when the amourd an
filler addition to Portland cement produces seveffdcts fineness of CaCgincrease.
on the kinetics of cement hydration. Limestoneefill It was found that C-S-H incorporates a significant
causes a hydration acceleration of Portland cliigkains amount of CaC@into its structure. Additionally, [19],
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calcium silicocarbonate hydrates during the hydraof 700
C3S in the presence of large quantities of carlonare

formed. It was also found that limestone filler negses
the hydration rate from 1 to 90 days [20]. Thespré
work aims to study the physico-mechanical propertie
the Portland limestone cements.

cc CC: Calcite

Intenity

2 Experimental Programs

2.1 Material and composition of mixture.
The starting materials used in this work were OP@ a ™ J e C e
limestone provided from Suez Cement., Co. and Helwa . i | e N N
area, Cairo respectively. The limestone sample was 10 20 2 %0 50
ground to pass 90um sieve. The chemical composition #ThetaScale

these materials is shown in Table (1). The mix
composition of the different cement blends is given
Table (2). Each dry mix was first blended in a jetain Table 2. Mix composition of filled cements, wt %
ball mill using three balls for one hour in orderattain a

complete homogeneity, then kept in an airtight aomr.

The water of consistency, initial and final settiimges of ~ The free water was calculated from the total watet
each cement were determined according to ASTM combined water as follows:

designations [21]. The dry mix was mixed using the )

corresponding water of consistency to study thedtjoh ~ Free water = total water — combined water
characteristics of cement pastes .The cement pasies

demoulded after 24 hrs of casting and cured unaer t The total porosity was also calculated from theatign
water up to 90 days. The bulk density was deterchine [23].

from the weight both in air and suspended in wagéng

Fig. 1. XRD patterns of limestone sample

Archimedes principle [22]. 099WeXBDX100
Table 1. Chemical compositions of starting materials, wt % &= 1+ Wt

Composition O.P.C. Limestone

(% of mass) Mix No. OPC Limestone
CaO 64.12 54.58 MO 100 -
SIio, 2151 1.07 MLH1 95 5
Al,O3 4.34 0.18
Fe,0s 3.62 0.09 MLH2 %0 10
MgO 1.67 0.37 MLH3 85 15
SO; 1.09 0.10
Na,O 0.51 0.01 MLH4 80 20
K,0 0.12 0.09
L Ol 295 43.17 We: free water, Wt: total water, B.D: bulk ddpsand

e: total porosity. The thermal analysis of cemeastp
was identified using (DT- Thermal Analyzer (Shimadz

Figure (1) illustrates the XRD pattern of the linoee
sample collected from Helwan area. It shows only th Co, _Japan. A sample_ of 50 mg (-45p_m) _vvas_used. The
heating rate was adjusted at 20/ min. in nitrogen

presence of calcite (cc). The determination of

compressive strength of hardened cement pastes Wagtmosphere.

carried out using ELE Auto-Test 2000, (England}ites

machine with pace rate of 2.40 KN/sec. After the 3 RESULTS AND DISCUSSION
compressive strength determination, the brokenegiec

were used for stopping the hydration using methanol ] . .
acetone mixture (1:1 viv). The total water of the 3-1. Water of Consistency and Setting Time.
saturated paste as well as the dried paste atQ @& 24
hr was determined after firing at 1000 oC for 1These
two values were corrected by substracting the amugd
ignition loss of the dry blend.

Figure (2) shows the water of consistency as well a
initial and final setting times of filled cementgtas. The
water of consistency slightly decreases with limest
content in cement blend; this is related to thdedsnt
particle size distribution of the samples. Limeston
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cements despite their higher fineness have widdicfea
size distributions compared with Portland ceme@#.[
Addition of 5-10 wt. % limestone is associated wéh
notable decrease in the setting times (initial &ndl),

due to the nucleating effect which acceleratesrae of
hydration. The addition of 20 wt. % limestone has n
effect on the initial setting time but slightly elgates the
final setting. The elongation of final setting timeay be
due to the decrease of cement which has hydration
properties in comparison with the limestone.

water consistency, (%)
Initial and final sett ing time, {m in)

130
MLH4

o MLH1 MLHZ MLH3

Mixes

Fig. 2: Water of consistency and setting time of limestéihed
cement pastes

3.2 Thermal Analysis.

Figure (3) illustrates DTA thermograms of filledreent
pastes with 5 wt. % limestone cured in tap water3fo7,

28 and 90 days. The endothermic peaks locatedratg5
oC, 72.47°C, 78.60 oC and76.7%C), are due to the loss
of free water and CSH. The endothermic peaks at
temperatures (154.4T, 155.55°C, 153.43C and159.21
°C), are characteristic to the dehydration of egitan as
well as carboaluminate hydrate. The intensity odkse
increases with curing time up to 90 days, due ® th
continuous hydration. Also, the endotherms at (481.
°C, 480.05 oC, 476.7iC and 478.89C) related to the
dissociation of Ca(OH) and increase with curing time up
to 90 days, due to the continuous hydration ¢ @nd
C3S liberating Ca(OH)

On the other side, the endotherms located at (34C.2
738.33 0C, 731.3% and 729.95C), are related to the
calcination of CaCg@and the intensity of peaks increases
up to 90 days, due to the effect of carbonatiosonfie of
portlandite Ca(OH)
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Fig. 3: DTA thermo grams of filled-cement pastes with 5 %t.
limestone immersed in tap water up to 90 days
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Figure (4) shows DTA thermograms of filled-cement
pastes containing 0, 5, 10, 15 and 20 wt. % linresto
cured in tap water for 90 days. The endotherms at
temperatures (75.2€, 77.31°C, 76.79°C, 79.96°C and
75.19°C), are also due to the loss of free water and CSH,
while these located at (160.20, 158.46°C, 159.21°C,
160.48°C and 160.76), are related to the dehydration of
sulphoaluminate (ettringite) as well as carboalat@n
hydrates. Also, the endothermic peaks at temperstur
(482.48°C, 480.24°C, 478.89°C, 482.99°C as well as
477.55°C), are characteristic to the dehydroxylation of
Ca(OH)2 and the intensity of peaks decreases @it 2%
limestone. This is also due to the dilution of fmortl
cement. The endothermic peaks at (879.73 oC, 750.02
729.95°C, 767.97°C and 772.74°C), are due to the
calcination of CaC@ and increases with limestone
content. The endotherms at 880 °C is due to the
carbonation of some Ca(OH)liberated from the
hydration of OPC (MO0).
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Fig. 4: DTA thermograms of filled-cement pastes with 018,
15 and 20 wt. % limestone at 90 days
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3.3 Bulk Density.

The bulk density of limestone-filled cement pastased up to
90 days is graphically plotted as a function ofimgirtime in
Fig. (5). It is found that the bulk density of akment pastes
increases with curing time, due to the formation rofre
hydration products which are deposited in some qqueas then
increase the bulk density. The bulk density deaasith
limestone content. This is attributed to the deseeaf the
amount of calcium silicate hydrate which has higthetk
density in comparison with hydrated calcium carboahate as
well as the decrease of specific gravity of limastoin
comparison with Portland cement. The decreaseh#rtoorite
(CSH) in filled cement is due to the dilution of ORG the
expense of limestone content. Also, the mix 5 wiliiestone
has higher bulk density than the other limestoheedficement
pastes which acts as a nucleating agent that aatedethe rate
of hydration forming more hydration products andréfore the
bulk density increases [21].

—s— M0

—&—MLH1

—&—MLH2 —e—MLH3
—# - MLH4

Bulk density, (g fem?)

Curing time, (days)

Fig. 5: Bulk density of limestone-filled cement pastes up@o
days

3.4 Compressive Strength.

The values of compressive strength of limestoreeficement
pastes cured up to 90 days is graphically plotted function of
curing time in Fig. (6). It is clear that the coregsive strength
increases with curing time due to the formation mbre

hydration products deposited in the open poresrefbee, the
total porosity decreases and then the bulk deasityell as the
compressive strength increase. The strength dewelop
depends primarily on the formation of hydrated icattsilicate

as the main hydration product, which is precipdabeto the
water filled spaces to form a more compact bodyhwiigh

strength. This is mainly attributed to the crystaflion of

initially formed hydrates, having strong bindingdes and/or
their transformation into other hydration produdtaving

weaker binding forces [25, 26]. It is clear thae thardened
filled cement paste with 5 wt. % limestone showsghbkr

compressive strength up to 7 days than that obther cement
pastes. This is due to the formation of dense strecand
crystallization of highly polymerized calcium s#ite hydrate,
as well as the nucleating agent which accelerdtesrate of
hydration at early ages.

The hydration products especially CSH are propoatida the
compressive strength. There is small difference in the
compressive strength of filled cement pastes coimgi10-20
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wt. % limestone. It can be said that 5 wt. % asta aucleating
agent for portland cement and can be used in porttzment
production. On the other side, the addition of D0vgt. %
limestone produces blended or mixed cement withdangth.
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— % MLH4

Compressive strength, (kg fem?)

255

Curing time, (days)

Fig. 6: Compressive strength of limestone-filled cementgsast
up to 90 days

35 Scanning Electronic

Observation.

Microscope

Figure (7) clarifies SEM photomicrographs of OPC and
limestone filled —cement pastes with 5 and 20 wt.Fdate (a)
represents OPC paste at 3 days of hydration an@iosrgmall
amount of fiberous tobromorite (CSH) and small @ordite
(CH). On the other side, (b) shows filled-cementtgasith 5
wt. % limestone at 3 days where CSH filling the o
sample and this evidence shows that the additioB oft. %
limestone increases the compressive strength &t ages of
hydration. Fig. 7 (c) clarifies OPC paste at 28 ddlyss seen
that the amount of fiberous tobromorite increaseigh w
hydration filling the pores present in the samplieghwsome
cubic portlandite. Fig. 7 (d) represents the filtmanent paste
with 5 wt. % limestone at 28 days, which shows t@ljise
gehlenite hydrate ((ASHg) formed at later ages of hydration
leading to the decrease of the compressive strerigth
comparison with OPC at 28 days. Also, Fig. 7 (e)siilates
filled- cement paste with 5 wt. % limestone at ¥¥sl where
the surface coated with gel CSH. The presence dfiucal
carboaluminate hydrates accelerates the rate ohtigd while
the compressive strength decreases if comparedQ#B paste
at 90 days. Fig. 7 (f) shows the hydration of dHeement paste
with 20 wt. % limestone at 90 days. It is noted tine amount
of calcium carboaluminate hydrate increases witheitone
content up to 28 days. The increase of carbonate io the
cement paste produced in the transformation of
monosulfoaluminate to monocarboaluminate which lacates
the rate of hydration while the compressive strierdgcreases
with the limestone content.
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Fig.7: SEM photomicrographs. (a): OPC paste at 3 days5(b):

wt. % limestone at 3 days, (c): OPC paste at 28,ddys5 wt.
% limestone at 28 days, (e): 5 wt. % limestoneCatl8ys and
(f): 20 wt. % limestone at 90 days.

4 Conclusions

From the above results, it can be concluded that:

1. Addition of 5-10 wt. % limestone is associateithva
notable decrease in the setting times (initial &ndl),
due to the nucleating effect which acceleratesrae of

hydration. While the addition of 20 wt % limestone

elongates the final setting time due to the deerazfs
cement which delays the hydration properties.

2. Limestone fills the pores between the cemenigbes
due to the formation of carboaluminate phases.

3. The replacement of OPC by 5 wt. % of limestone

increases the compressive strength at early agestad
the nucleating effect and can be used in portlaamdent
production. The addition of 10-20 wt. % limestoan be
used in the production of blended cement.
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