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ABSTRACT

The influence of 4% MgS0, solution on the durability of the sulfate resisting cement (SRC) pastes
with different ratios of belite up to 9 months was studied. The relative resistance of hardened
cement pastes against the aggressive solution was assessed by determining the compressive
strength, free lime, bulk density, apparent porosity, total sulphate and the hydration products with
the aid of TGA, XRD, SEM and IR spectroscopy. It was found that the chemically combined water,
free lime and total sulphate contents decrease with increasing belite content. The SEM shows that,
SRC pastes with higher ratio of belite showed good resistance in aggressive media compared to
other cements.
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INTRODUCTION

The Portland cement industry consumes largeuats®f energy and produces huge quantities of
CO, M. So, the authers made industrial trials for thedpction of belite cements at lower
temperatures and lime saturation factors than BCOIt was found that, the energy consumed
during the production of the belite cement clinkesss less than that of OPC. Compared with the
production of OPC less limestone was consumed esgl CQ evolved. Such low energy cements
provide a cheap alternative to Portland cement witbperties that are acceptable for many
applications and the additional benefit of possitsiproved durability [1}:

The belite cement has the advantages in companghrPortland cement as follows:

[1]. It requires less water demand for normal cstesicy, and possesses higher mortar flow ability,
more compatible with concrete admixture, and tloeeebffers better workability to concrete,

[2]. Its strength increase more rapidly at latezsam spite of its much lower early stren@h The
strength of high belite cement at 90 and 180 daysgher than those of OPC at the same ages,

[3]. It has lower heat of hydration and adiabatimperature rise, less drying shrinkage and better
resistance to chemical corrosion and to abrasitmchwimplies that it offers durability better than
OPC.
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The resistant to sulphate attack of Portland cemsttt similar fineness and different chemical
composition was investigat¢8l. It was observed that, under the SEM the cemetfit higher GS
content gypsum led to form in large veins pardlbethe surfaces exposed to solution. However, in
the low GS cement gypsum was located throughout the saniitengite was found in all
cements. The authors concluded that lowering tkfe &d GA contents of cement improves its
resistant to sulphate attack. Cement with 1oy (39%) and low gA content (4.6%) had the best
performance in sulphate environments. It exhibitedlowest strength drop and expansion.

The manufacture of high strength SRC was studiédif4vas found that the sulphate resistant
character of cement is obtained by suitably adjgsthe component of minerals in the clinker,

lowering the @S and GA contents, promoting the,S content and decreasing the gypsum addition
improved physical-chemical properties of the cement

Mixtuers of SRCs, (with 40 % and 74 %SCcontent) and blended cements containing natural
pozzolana or limestone filler were investigated [BXpansions, flexural and compressive strength
of mortar immersed until 1 year in sodium sulphsikition were measured. The sulphate resistance
of Portland cement with highsS content is very poor compared with loySCement. Addition of
natural pozzolana provides the maximum sulphatesteeg while the addition of 20% limestone
filler declining sulphate resistant of lows& cements. This behavior can be attributed to the
reaction between S@nd CH in the paste.

The aim of the present work is to study the durghdf the prepared sulphate resisting cements
having different belite contents in 4 % MgO$lution. The kinetics of hydration and mechanical
properties of cement paste were determined. Theatigd products were also identified by using
SEM, XRD, TGA, and IR techniques.

MATERIALS AND METHODS

The materials used in this investigation were safphresistant Portland cement (SRC) provided
from El-Masria Cement Company and belite prepareainf pure chemicals. The chemical
compositions of starting material are shown in €afl).

Belite (3-C,S) was synthesized from reagent grade Ca&@ pure ground sand (more than 99.5 %
SiQ,) in the proper molar ratio. The dry constituentdimestone and silica were mechanically
mixed for 1/2 hour in a porcelain ball mill usingd balls to attain complete homogeneity, then
fired twice at 1458C for two hours soaking time using®; (0.5%) as stabilizer to complete
formation of belite phase. The belite phase wasummpo and kept in airtight container.
The dry constituents of SRC and belite phase weeehanically mixed for 30 minutes in a
porcelain ball mill to attain complete homogeneitiie samples were kept in airtight containers.
Two cements B & C were prepared by mixing differamounts of belite with SRC. The phase
composition of the prepared cements is shown ineT&).

The mixing of the paste was done as describedpiredious work®. The pastes were moulded in
0.5 inch cubic moulds, cured in humidity chambefat1 °C for 24 hours, then demoulded and
immersed in tap water up to 28 days (zero timep $amples were immersed in 4% magnesium
sulfate solution as aggressive medium for 1, &n@, 9 months. Three cubes representing each mix
were tested for the compressive strength, free [ffheapparent porosity and total sulfate. The
hydration products of immersed sample were idedtifivith the aid of TGA, XRD, SEM and IR
spectroscopy.
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RESULT AND DISCUSSION

The determined values of chemically combined watéhe hardened cement pastes are graphically
represented as a function of curing time in Figiye The combined water content increases with
time and alite content for all cement pastes dubdancrease of the hydration products. This i du
to the higher activity of alite than belite. Mgs@eacts with either §€AHg, C3(AF)Hs and the
librated lime from the hydration of alite as wal &elite. The alite phase librates 3 moles of
Ca(OH) in comparison to one mole of belite. Therefore, flydration products increase with the
alite content in SRC pastes.

The free lime contents of the cement pastes imrdarsd % MgSQ solution up to 9 months are
graphically plotted in Figure (2). The results cate that the free lime of (Cement A) and (Cement
B) decreases with time up to 6 months and thereasas due to the reaction of Ca(@H)th
MgSOy to give gypsum and Mg(OH) The increase of free lime contents after 6 montlay be
ascribed to the decomposition of calcium silicaigrate by Mg(OH) giving Ca(OH) and
magnesium silicate hydrate. Therefore, the free loontent increases at latter ages. On the other
side (Cement C) has lower values of free lime, Whidecrease up to 9 months. This means that as
the belite content increases the librated Mg(®©t#n not decompose the formed CSH to give
Ca(OHy).

The total sulphate contents of the cement pastegemsed in 4 % MgSOsolution up to 9 months
are given in Figure (3). The total sulphate coniaoteases for all cement pastes up to 9 months.
This is mainly due to the migration of the sulphaigas from the aggressive medium (MgSO4
solution) to the cement pastes which react wigh &d Ca(OH) forming ettringite and /or calcium
monosulphoaluminate hydr&te On the other hand,sS-content was considered as an important
parameter on sea water resistance of Portland defie® increase of the alite content implies an
increase of the Ca(OHl)ibrated during the hydration of Portland cemerftich can convert to
gypsum leading to surface damage and strengthgression. The SRC with high belite content
(Cement C) shows lower values of sulphate due & lthv amount of the librated lime and
consequently the total sulphate decreases. It eaohcluded that the SRC with high ratio of belite
iIs more durable in sulphate solution than that Wwigh content of alite.

The apparent porosity of SRC pastes cured up tortths is plotted in Figure (4). It decreases with
curing time due to the precipitation of hydratiamgbucts in the open pores that leads to decrease
the porosity. Also, the apparent porosity of cenpates increases with belite content at early ages
due to its low hydraulic properties in comparisathvalite. After 6 months, SRC with high ratio of
belite phase (Cement C) shows lower values of ampgrorosity due to the decrease of librated
Ca(OH) which reacts with MgS©forming gypsum and then ettringite. This indicatiest SRC
with high ratio of belite is more durable in sulphanedium than this of lower values of belite.

The compressive strength of cement pastes immensed 9 months in 4 % MgSQolution is
graphically plotted with time in Figure (5). Thenspressive strength increases up to 6 months then
decreases for all cement pastes due to the incodabe amount of hydration products especially
CSH which is the main source of the strength. Té&ehse of compressive strength after 6 months
is due to that the magnesium sulphate reacts vatbium aluminate hydrate to give calcium
sulphoaluminate hydrates and Mg(QH} also attack€SH to form gypsum, Mg(OH)and silica

gel. Moreover, the resulting silica gel reacts vetgwly with Mg(OH) to form hydrated
magnesium silicate of an approximate compositiongd\siG.8.5HO as a late-alteration
product’. The consequences of the attack are manifestettheinforms of cracking, spelling,
softening, mass loss and ultimately mechanicahtigration of the cementatious binder.

43



H. El-Didamony et al J. of Eng. & Techn. Res,, 2014, 2(4):41:51

The change in compressive strength of the threestgh SRC after 9 months is - 17.86 %, - 9.63 %,
and + 13.67 for cements A & B and C respectivelyisTis means that the durability of the cement
pastes improves with the belite content.

Figure (6, a-b) shows the TG curves of the hydrai@stes of cements (A&C) immersed in 4 %
magnesium sulphate solution up to 9 months. Thetlredmic peak of Ca(OHl)n the rang 456C
decreases with belite content. Cements (A & C) doss of 2.358 wt % and 1.963 wt %
respectively. The loss is due to the decomposiaidmydration products of the two cements A&C is
9.959 wt % and 8.343 wt %, respectively. This soalue to the higher rate of the hydration of alite
in comparison with belite. On the other side (Cen@nhas higher values of belite than (Cement
A). Therefore the combined water content of (Cent@nis lower than that of (Cement A). This is
in agood agreement with the results of chemicalyaisaof free lime and combined water contents
Figure (7) shows the infrared spectra of the hydtaamples of SRC with different ratios of belite
immersed in magnesium sulphate solution up to 9thsonThe band at 3468 ¢nis attributed to
stretching of hydroxyl groups associated with wateCSH and ettringitt”. In (Cement A) the
bands at 3468 cihand 978 crit show higher intensity than (Cement C). This isitaited to the
increase of alite phase which produces large amaiuhydration products especially CSH during
the hydration. The bands of calcium hydroxide apgsgm at 3646 cthand 662 crif respectively
are strong in (Cement A) than (Cement C). Thigtisbaited to the increase of alite content which
librates more calcium hydroxide. Band at 1119%dnwicating the formation of ettringft&*!. This
band is clearly appeared in (CementA) than (CerGgnt

Figure (8) shows the XRD patterns of low belite teot (Cement A) and high belite content
(Cement C) cured in 4% magnesium sulphate solutpto 9 months. It is clear that, the intensity
of Ca(OH) peak of (Cement C) is lower than of (Cement A)isTik attributed to the decrease of
free lime with belite content. The intensity of M), peak (brucite) is also lower in (Cement C)
than (Cement A) due to the decrease of calciwdrdxide librated during the hydration of
belite. Ca(OHyreactsvith MgSQ, giving gypsunmand magnesium hydroxide. (Cement C) has high
intensity of GS peak than (Cement A). High intensity of Ca@@ak appears in (Cement A) due to
the carbonation.

SEM photographs of cement pastes A & C after 9 hoekposed to magnesium sulphate solution
are given in Figures (9, a-b-c), and (10, a-b-d)e Tigure illustrates that (Cement A) shows large
amount of ettringite. There is no ettringite deelcin (Cement C) this is due to the decrease & ali
content which librates much more calcium hydrosxiua reacts with sulphate ions forming calcium
sulphate (CaS£2H,0) which reacts with calcium aluminate hydrate donf additional ettringite.
From the figures it is clear that (Cement A) hagdaamount of ettringite and high porosity than
(Cement C). This is in a good agreement with thik ldensity and apparent porosity values.

CONCLUSION
Following conclusions may be reached on the bddisecabove findings:

1- The deterioration of low £A sulfate resisting cement by sulfate attack issgme and the
CsS content plays a decisive role in the potentiah@ge of these cements.

2- The great deterioration was observed fgg{€ontent cement and the expansive formation of
ettrengite in this case was attributable to loealigypsum formation.

3- The sulfate resisting cement high igSOvas attacked more server than other with low one

4- In SRC with low GS content, significantly less gypsum was foundatdnd of the test.
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Figure (1): Chemically combined water content ofCSpaistes immersed in magnesium sulphate
solution up to 9 months
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Figure (2): Free lime content of SRC pastes imneense 4 % magnesium sulphate
solution up to 9 month
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Figure (5): Compressive strengithhardened SRC pastes immersed in 4 %
magnesium sulphate solution up to 9 months
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Figure (7): Infrared spectra of the hydrated sampl cements (A & C) immersed in
4 % magnesium sulphate solution up to 9 months
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Figure (6) : TG patterns of hardened cement pdsieand (C) immersed in
4% magnesium sulphate solution up to 9 months
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Figure (10, a-b-c): SEM photographs of cement p@témmersed in 4 % magnesium sulphate solutfpn u
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