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ABSTRACT 

Tncalcmm s&ate, tncalcmm alummate and tncalcmm alummate + gypsum were hydrated 
m the presence of 5-508 CaCO, for different lengths of time (a few mmutes to 28 days) and 
the products were exammed by differential scanning calonmetry (DSC), differential thermo- 
gravlmetry (DTG), differential thermal analysis (DTA) and conduction calonmetry 

The hydration of tncalcmm s&ate was accelerated by CaCO, and there was evidence of 
mcorporatlon of CaCO, mto the calcium slhcate hydrate phase In the hydration of 
tncalaum alummate, carboalummate complex was identified and the formation of the cubic 
calcium alummate hydrate phase was found to be retarded In the tncalcmm alurnmate+ 
CaSO, 2H,O+CaCO, + H,O system the rate of formatlon of ettrmgte (htgh calcium 
sulphoalummate hydrate) and its conversion to the monosulphoalummate hydrate was 
accelerated by CaCO, On the basis of these results a mechamsm has been proposed to 
explam the effect of CaCO, on the hydration of cement 

INTRODUCTION 

In concrete technology, limestone 1s used for various purposes, namely, as 
raw matenal for clinker production, for partial replacement for gypsum and 
as coarse or fme aggregate Recently, limestone dust produced m quarrying 
operations has been suggested for use as an additive to portland cement 
Because of the concern that properties and durability of concrete may be 
affected, addition of only a small amount of hmestone 1s pern-ntted m some 
standards Even m the hrmted amounts of work carned out on the effect of 
hmestone on cement and concrete properties, there 1s divergence of opmlon 
on the relative effects of different amount of calcium carbonate [l] Vana- 
tlons m the nature of calcium carbonate and cement, the condltlons of 
hydration, interpretation of results and hnutatlons of techniques adopted to 
measure the hydration properties may account for ths disagreement 

A better understanding of the effect of limestone addition on cement may 
be obtamed by first studying its effect on the mdlvldual components of 
cement and then extending ths knowledge to cement itself Such an ap- 
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preach has been applied successfully to explain the effect of calcium 
hgnosulphonate on the hydration of cements [2] 

Thermal analysis techniques such as differential thermal analysis (DTA), 
differential thermogravlmetry (DTG), differential scanmng calonmetry 
(DSC) and conduction calorimetry have been apphed successfully to m- 
vestlgate the role of admtxtures and additives m cement [3] The objective of 
this study was to apply thermal analysis techniques to gam a better under- 
standing of the effect of calcium carbonate (Cc> on the hydration of 
mdlvldual components of cements, namely, trlcalcmm skate (C,S), tn- 
calcium aluminate (C,A) and trlcalcmm alummate + gypsum (C,A + 
CSH,) * 

EXPERIMENTAL 

Materials 

The followmg cement components were used trlcalcmm skate, wth a 
Blame surface area of 3600 cm2 g-’ supplied by the Portland Cement 
Assoclatlon, trlcalcmm alummate with a N, speclflc surface area of 0 5 m2 

g -I supplied by Tetratech Co , and gypsum of reagent quality obtained from 
Fisher Sclentlflc Co 

Three types of Cc were used (a) that obtained from Anachermca 
Chermcal Co was designated AC CaCO, and had a surface area of 6 5 m2 

g -I with particles m the size range < 10 pm, (b) that supplied by Fisher 
Sclentlflc Co was designated Fr CaCO, and had a surface area of 0 4 m2 

g -I with particles m the size range < 25 pm, (c) four samples were obtained 
by grmdmg pure limestone to different particle size ranges Particles were m 
the size ranges, < 10 pm, lo-20 pm, 20-45 pm and 74-149 pm and were 
designated Ls < 10 pm, Ls lo-20 pm, Ls 20-45 pm and Ls 74-149 pm, 
respectively 

Methods 

The followmg techniques were adopted DSC and DTG curves were 
obtained using a Du Pont 1090 thermal analysis system In the DSC mode 
each sample was heated up to 600” C and m the DTG mode up to the 
maxlmum temperature of 1200 o C DTA was used only on the C,S systems 
for the estimation of C,S In each experiment a 30 mg sample was run at a 

* Cement Chemistry Notation Cc = calcium carbonate, 3CaO S10, = C,S, 3CaO Al,O, = 
C,A, CaSO, 2H,O = CSH,, calcium skate hydrate = C-S-H or CSH, Ca(OH), = CH, 
hexagonal calcium alurnmate hydrate = (C, AH, -C,AH ,) 
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heating rate of 20 ’ C nun-l m a flow of N,gas The rate and amount of heat 
developed by the sample m the first 24 h was measured by a conduction 
calonmeter supplied by the Institute of Applied Physics, Delft, Holland 

Sample preparation 

The cement components containing 0, 5, 10, 15 and 50% Cc were 
prepared at a water/solid ratio of 0 4 or 4 0 as follows The sohd mixture 
was transferred to a polyethylene vial Glass spheres 5 mm m diameter were 
added to the nuxture and vibrated on a spex high speed nuxer for 20 mm A 
required amount of carbon dloxlde-free distilled water was added and the 
nuxture was capped and vibrated for 20 s Samples hydrated for periods less 
than 7 h were subjected to cold methanol treatment and then dried for 24 h 
m vacua To obtam samples hydrated for longer periods, the polyethylene 
vial was placed m a plexlglas tube, put on rollers and rotated for different 
periods At a specific interval of time the sample m the vial was dried by 
contmuous vacuum pumping for one day and subjected to analysis 

The water/solid ratio used for the C,S system was 0 4 or 0 7, whereas 
that for the C,A or C,A + gypsum systems was 4 

RESULTS AND DISCUSSION 

CJ-CaCO,-H20 system 

The DTG curves of C,S hydrated m the presence of different amounts of 
CaCO, indicated three mflectlons at 100-120” C, 460-475 o C and 
730-740 o C They were caused by the loss of water from the C-S-H phase, 
dehydration of CH and decomposltlon of Cc, respectively The mtenslty of 
the CH peak may be used to follow the kmetlcs of hydration of C,S Figure 
1 shows the amount of CH formed at different times durmg the hydration of 
C,S m the presence of 0, 5 and 15% Cc Results based on the total amount 
of the paste (C,S + CSH and Cc) indicate that the addition of Cc accel- 
erates the hydration of C,S at ages up to 7 days (Fig la) The values 
calculated on the basis of C,S (to avoid dllutlon effects) demonstrate that 
addltlon of Cc increases the amount of CH at all hydration times (Fig lb) 
The accelerating effect 1s greater for larger additions of Cc and 1s partlcu- 
larly slgmflcant at short hydration times At 28 days, the addition of 0, 5 
and 15% Cc yields 23 2, 24 0 and 25 5% CH, respectively, the correspondmg 
values at 1 day are about 9, 11 and 14%, respectively 

The DTG technique was also applied to determme the effect of Cc on the 
non-evaporable content of the pastes hydrated for various times The 
non-evaporable water content, a measure of the degree of hydration, refers 
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Fig 1 Formation of Ca(OH), m C,S pastes contalmng different amounts of AC CaCO, 

to the amount of chermcally combined water m the C-S-H and CH phase 
Results snmlar to those based on CH determmatlon were obtained 

The degree of hydration may also be followed by estimating the amount 
of C,S remaining unhydrated at different times Ramachandran [4] has 
proposed a DTA method m whxh the endothermal peak area of the 
tnchmc-monochmc transition of C,S occurring at 915 o C 1s determmed In 
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Fig 2 Degree of hydration of C,S m the presence of CaCO, 
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Fig 3 Conduction calonmetnc curves of C,S contammg different amounts of CaCO, 
rate of heat produced, (b) the amount of heat produced at different times 

(4 

Fig 2 the effect of 0, 5 and 15% Cc on the degree of hydration of C,S 1s 
plotted as a function of time The substantial acceleratmg effect of Cc 1s 
confirmed at short hydration times The results show snmlar trends to those 
based on CH and non-evaporable water content determmatlons 

It 1s tacitly assumed m the literature that Cc does not influence the rate 
of hydration of C,S. In order to confirm the unexpected accelerating effect 
of Cc on the hydration of C,S, a few more expenments were conducted 
using conduction calonmetry The rate of evolution of heat and the amount 
of heat produced m 1 day m the presence of 0, 5, 10 and 15% Cc were 
determmed (Fig. 3) The mtenslty of the peak occurrmg over a range of 
about 6-7 h, representing the degree of hydration of C,S, increases as the 
amount of added Cc increases The integral heat developed m the mixes 
also shows the accelerating effect of Cc 

The rate of hydration of C,S not only depends on the amount, but also on 
the particle size, of added CC It 1s evldent that the larger the particle size 
the lower the accelerating effect (Fig. 4) Pronounced differences m accelera- 
tion effects are indicated especially at short hydration times 

Ramachandran has proposed a theory for the acceleration of hydration of 
C,S m the presence of CaCl,. A complex formation between the hydrating 
C,S and CaCl, 1s envisaged [2] If such a phenomenon were also to occur m 
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Fig 4 Effect of particle size of CaCO, on the hydration of C,S 

the hydration of C,S m the presence of Cc, a complex should form between - 
CC and the hydrating C,S The DTG method was adopted to determme d 
the amount of Cc added mltlally decreased as the hydration progressed The 
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Fig 5 Amount of free CaCO, remauung m the hydration of C,S adrmxed with 5% or 15% 
C&O, 
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DTG peak due to CaCO, dununshed as hydration proceeded, mdlcatmg that 
some Cc was consumed durmg hydration In the C,S-Cc nuxture hydrated 
with 15% Cc and 5% Cc, the amounts of CC that reacted with the 
hydrating C,S were 2 38 and 1 34% respectively m 28 days (Fig. 5) Most 
CaCO, reacted w&m 3 days X-ray diffraction (XRD) could n_ot ldentlfy 
the type of complex formed between the hydrating C,S and CC, possibly 
because it 1s amorphous and present only m small amounts 

C,A-CaCO,-H,O system 

DSC of the C,A-H,O system shows endothermal effects even at 5 mm, 
slgmfymg the presence of hydration products (Fig 6a) Peaks at about 
145-150 o C and 265-280 o C represent the presence of metastable hexagonal 
phases (C,AH,-C,AH,) The endothermal effect at about 150” C increases 
up to 4 h and that at 265-300°C continues to increase up to 2 days The 
large peak at about 300°C (4 h to 2 days) 1s mamly due to the presence of 
cubic phase (C,AH,) The exact time of conversion of the hexagonal to the 
cubic phase 1s not easy to determme because they co-exist and their peaks 
overlap Both DSC and XRD results indicate that at 7 days and after, the 
major component m ths system 1s the cubic phase 

0 200 400 600 0 200 400 600 800 

TEMPERATURE "C 

Fig 6 DSC curves of C,A hydrated for different periods (a) 0% CaCO,, (b) 12 5% CaCO, 
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In the C,A-CaCO,-H,O system (Fig 6b), at short hydration times, 
smular effects to those observed m Fig 6a are evident, although the peaks 
are more intense These peaks however, represent calcium carboalummate or 
a solid solution [3] No hexagonal phase of the type (CZAH.-C4AHy) could 
be Identified by XRD m this system A small amount of the cubic phase 
C,AH, (260-280 o C) formed at 2 h mtenslfles as hydration progresses At 7 
h ths peak 1s of much lower intensity than that formed m the C_2A-H,0 
system (Fig 6a) Thus, it can be concluded that the addltlon of CC of C,A 
retards the formation of the cubic phase The presence of 
complex 1s ldentlfled at 2 days by a peak at about 160 o C 

C,A-CgH,-CaCO,-H,O system 

carboalummate 

In this system, when no CaCO, 1s present, a small endothermal effect at 
about 100” C and another of larger intensity at about 130” C appear after 
only 5 mm (Fig 7a) The first small peak mtenslfles as the hydration 
progresses (up to 1 h) and represents the presence of ettrmglte of formula 
C,A 3Cs 31H,O The second peak caused by the dehydration of CSH, 
decreases with time because of its progressive Interaction with C,A At 2 h 
the two mam peaks at about 100 o C and 165-180” C are mdlcatlve of the 
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Fig 7 DSC curves of C,A+CSH, hydrated m the presence of CaCO, (a) C,A+ 25% 
CSH,. (b) C,A+25% CSH, +12 5% CaCO, 
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presence of ettnnglte and monosulphoalummate hydrate (C,A Cs llH,O), 
respectively The decrease m the ettrmgte peak after 1 h 1s due to the partial 
conversion of ettrmglte to the monosulphoalummate phase These results are 
confirmed by XRD A comparison of Figs 7a and 7b shows that gypsum 1s 
consumed more rapidly (wlthm 20 mm) m the rmxture contammg CaCO, A 
comparison of the curves at 30 mm also suggests that the formation of 
ettrmgte 1s accelerated by the addition of 12 5% Cc to the C,A + 25% 
CSH, mixture Conversion of ettnngte to monosulphoalummate 1s also 
accelerated by mcorporatlon of Cc In the absence of Cc practically no 
monosulphoalummate 1s formed at about 1 h (Fig 7a), whereas at the same 
period m the presence of Cc a substantial amount of ammosulphoalummate 
1s identified (Fig 7b) XRD and scanning electron mlcroscoplc mvestlgatlon 
mdlcated sumlar mterconverslon effects m this system 

ROLE OF CALCIUM CARBONATE IN CEMENTS 

The apphcatlon of thermal analysis techniques has shown that the hydra- 
tion of C,S 1s accelerated especially m the presence of CaCO, with a large 
surface area XRD and rmcrostructural mvestlgatlons also confirmed this 

observation 
It was evident that at short hydration times some CaCO, 1s mcorporated 

mto the C-S-H phase If this complex occurs on the surface of C,S it could 
enhance the formation of a permeable C-S-H membrane, or this phase 
n-ught Itself be a nucleating agent for the formation of hydration products 
Either posslblhty would result m an acceleration of C,S hydration In 
addition, rmcrostructural studies showed the presence of hydrated products 
(C-S-H and CH) on CaCO, particles This suggests that carbonate particles 
act as nuclei Such growth of CH and C-S-H would decrease the concentra- 
tion of Ca and 9 ions m the solution phase and promote their transfer from 
the C,S phase to the solution phase 

In the C,A-gypsum-CaCO,-H,O system the accelerated formation of 
ettnngte and its conversion to the monosulphoalummate may be vlsuahsed 
as follows In tbs system the CaCO, particles (6 5 m* g-‘) are much finer 
than those of C,A or gypsum (approximately 0 5 m* g-‘) The CaCO, 
particles surround the C,A and gypsum particles and on contact with water, 
react to form carboalummate complex on the surface of C,A particles This 
layer may be less compact and more permeable than the sulphoalummate 
layer normally occurring m the C,A-gypsum system Thus the interaction of 
Ca, Al and SO, ions 1s enhanced m the presence of CaCO, The conversion 
of ettrmglte to monosulphoalummate hydrate takes place after gypsum IS 
exhausted Calcium carboalummate, by enhancing the consumption of 
gypsum, also facilitates conversion of ettnnglte to monosulphoalummate 
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The effect of CaCO, on the C,S and C,A + gypsum systems should be 
reflected m the hydration behavlour of cement The acceleration effects 
should produce early setting, and early strength development m cements 
The formation of complexes would be expected to influence the durablhty of 
cements 

CONCLUSIONS 

High surface area CaCO, not only accelerates the hydration of tncalcmm 
slhcate but also forms a complex with Its hydrated products Addition of 
CaCO, to the tncalcmm alummate-water system results m the formatlon of 
carboalummate hydrate that retards the formatlon of cubic alummate hy- 
drate The normal mode of hydration of trlcalcmm alummate that occurs m 
the presence of gypsum IS modified by CaCO, The rate of ettrmglte 
formation and its conversion to the monosulphoalummate 1s accelerated by 
CaCO, The complex formation of CaCO, with the hydrating components of 
cements can explam its influence on these components m the cement system 
(acceleration or retardation) 
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