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different: cement B has a longer lag period and lower maximum heat flux than cementj |

Ccement C, which is very low in CA, shows an extended lag phase and a heat flux cury
with only one main peak. However, the hydration reactions beyond tr_us peak are mor
exothermic than for the other cements, giving a higher temperature increase after 2

hours.

The times evolved to reached the maximum heat flux values are plotted in Figure 7 fy

the various cement-superplasticizer systems investigated. The shifts in the heat flux pea |

due to the change in superplasticizer type are of comparable magnitude for cements Aan
B, but appear more important for cement C. A comparison of the result_s for the thre:
cements shows that the time to reach maximum heat flux is longest with CaPNS ax
shortest with NaPNS. For cements A and B, the shift in the heat flux peak with these tw
superplasticizers is about one hundred minutes, while for cement C, it is about tm
hundred minutes. With NaPMS, the shifts are approximately half-way between those wit

CaPNS and NaPNS.

. : I
For the 1:1 binary mixtures of superplasticizers, the times to reach maximum heat flu

are generally intermediate between those for the pure superplasticizers. One exceptiont

this behavior is the 1:1 mixture of NaPNS and NaPMS with cement B for which the tim:§

is much higher than for the two pure compounds.

CONCLUSIONS

The results of this exploratory investigation on the influence of severa_l pure and mix
superplasticizers on the rheological properties and hydration behavior of different cemer
enable the following conclusions.

As frequently observed, each cement-superplasticizer combination exhibit som
peculiarities in the rheological properties and hydration kinetics. With the types of sy‘st‘ems
(pastes at W/C = 0.35) and measurement techniques investigated here, the pecuhar@s
due to the superplasticizer (for a given cement) are best evidenced at relative
superplasticizer contents of approximately 0.7 wt %.

Mixture of superplasticizers (1:1) were generally found to exhibit behaviot
intermediate (average) between those observed with the pure superplasticizers at the samt

total concentration. At a concentration of 0.7 wt 9%, significant deviations from aversg

behavior were found, in the rheology of pastes with one cement (A) in the prz.as_e.nceﬁ1
NaPNS/NaPMS mixtures. In another case, a positive synergy is found in the fluidifical®

of cement C (low C,A) with mixtures of NaPMS and CaPNS (i.e., fluidity higher with tfeS

1:1 mix than with the pure compounds).

. ; j
The influence of superplasticizers on the hydration kinetics of cement pastesf;
measured by their hydration thermograms, also reflect peculiarities of cements @

cement-superplasticizer combinations.

In this case, changes induced bY g
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superplasticizers in the measurable parameters (lag time, time to maximum heat flux) are
relatively smaller than those observed in the paste rheology; = with superplasticizer
mixtures, however, the proportionality rule is generally observed (i.e., the influence of a
1:1 superplasticizer mixture is intermediate between those of the pure superplasticizer,

except in one case, where a synergistic effect was apparent (cement B) with a
NaPNS/NaPMS mixture).

Itis noteworthy that superplasticizer mixtures which lead to deviations from the simple
proportionality rule, involve both the melamine- and naphthalene-based superplasticizers;
mixtures of Na and Ca naphthalene sulfonates were found to behave predictably in all
cases.
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P.-C., Jolicoeur, C., Perraton, D. and Aitcin, P-C, | Table 1: Main Characteristics of the Superplasticizers

10. Simard, M.-A., Nkinamubanzi,
of Superplasticized Cement

rCalorimetry, Rheology and Compressive Strength

Pastes”, Cem. Concr. Res., Vol. 23, 1993, pp. 939-950.

NaPNS CaPNS NaPMS

Base Naphthalene Naphthalene Melamine
Na (%)’ 11.7 0.8 10.0
S0. (%) 0.3 7.8 0.0
Ca (%) 2.9 0.0
HMM (%) 61.0 50.0

Prof. Carmel Jolicoeur,
Professor of Chemistry at the
Université de Sherbrooke,
Canada

All results are expressed on a dry weight basis.

Table 2: Cement Composition and Physical Properties

Cement
A B
C.S (% (wt)) 55.24
CS 18.01
C.A 5.71
C.AF 8.89
SO, 3.45
Na,0 0.16
K,0 0.53
LOI 2.21
Blaine area (m¥/g) 362.00
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HPLC chromatograms of the superplasticizers. a) NaPNS; ; Minislump area of cement pastes, W/C = 0.35 as
b) NaPMS. function of superplasticizer concentration. a) cement A;
b) cement B. O: NaPNS; [: CaPNS; a: NaPMS.




197

Celelele e e e 0 0 00l
DOOSSASNSNSNEANN

Superplasticizers: The Chemistry
d) 1%.

e):0:7.%:;

7110 min (360 min [00]120 min

200
the various superplasticizers or their 1:1 binary mixtures.

Minislump areas of pastes of cement B, W/C = 0.35, with
a) 0.3%; b) 0.5%;
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Fig. 5:  Minislump areas of pastes of cement C, W/C = 0.35, with
the various superplasticizers or their 1:1 binary mixtures at
total admixture concentration of 0.7 %.

THERMAL FLUX (mW/g)

CEMENT C

Thernf_lqgrams of the cement pastes, W/C = 0.35,
containing 0.7% of NaPNS; both the temperature vs time

1:1 ‘1 1:1 curve and its time derivati '
b S S ’ . i erivative (heat flux) are illustrated for

Time of maximum flux (min)

Time elapsed to maximum heat flux of cement pastes, w/C
= 0.35 containing 0.7 % of the various superplasticizers or
their 1:1 binary mixtures. O: cement A; [1: cement B; a:
cement C.




