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Sinopsis: Se midieron las éreas fluidas utilizando un mini cono de revenimientos y el cali’
de hidratacion de las pastas de cemento conteniendo una relacién agua/cemento de 0.3
en presencia de diversos superfluidificantes comerciales disponibles usandolos, ya seag
forma pura o en mezclas binarias de 50:50. Se ha estado investigando la influencia delm}_
pardmetros siguientes: variacion enlos compuestos del cemento, tipo de superfluidificant&i
sulfonato de polinaftalina de sodio y calcio (NaPNS y CaPNS) y sulfonato de polimetamimi—

de sodio (NaPMS); y la concentracién total de superfluidificante. i

Los resultados de los experimentos reoldégicos (mini revenimiento) muestran quei‘a!f_
fluidez de las pastas de cemento depende de las caracteristicas de los superfluidificants}
y del cemento usados. Se observo el efecto de saturacion con diversas combinaciones}
cemento-superfluidificante; por ejemplo: arriba de una concentracién dada, un aumento®g
la concentraciéon de superfluidificante tiene poco efecto sobre la fluidez. A baa}
concentraciones de superfluidificante, las pastas de cemento fluidificado con mezdﬁ\;‘
binarias de 50:50 (o 1:1) de superfluidificantes, con frecuencia tenfan fluideces intermedé)
de aquéllas conteniendo compuestos puros. A mayores concentraciones dff
superfluidificante, el efecto de saturacién a menudo evita la diferenciacion entre el efect!
de los diferentes aditivos o mezclas de ellos. Los resultados de los experiment
calorimétricos muestran que la magnitud del efecto retardante depende del tipo ¢}
superfluidificante usado y que las propiedades medidas varian en forma lineal conf
composicién de la mezcla binaria de superfluidificante.
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THE CHEMISTRY OF CONCRETE SUPERPLASTICIZERS:

RHEOLOGY AND HYDRATION KINETICS OF PORTLAND CEMENT
PASTES CONTAINING MIXTURES OF NAPHTHALENE-
AND MELAMINE-BASED SUPERPLASTICIZERS

by

Carmel Jolicoeur, Francois Perreault, Marc-André Simard
and André Nuyt

Synopsis: The minislump spread areas and the heat of hydration of cement pastes having
a water/ cement ratio of 0.35 were measured in the presence of several commercially
available superplasticizers used, either in pure form, or in 50:50 binary mixtures. The
influencg_of the following parameters have been investigated: variation in cement
composition; type of superplasticizer: sodium and calcium polynaphthalene sulfonate
(NaPNS and CaPNS) and sodium polymelamine sulfonate (NaPMS); and total
superplasticizer concentration.

The results of rheological (minislump) experiments show that the fluidity of cement
Dafstes dgpends on the characteristics of the superplasticizer and of the cement used.
With various cement-superplasticizer combinations, a saturation effect is observed, i.e.,

- above a given concentration, an increase of the superplasticizer concentration has little

effect on the fluidity. Atlow superplasticizer concentrations, the cement pastes fluidified
with 50:50 (or 1:1) binary mixtures of superplasticizers usually have intermediate fluidities
between _those of cement pastes containing the pure compounds. At higher
superplasticizer concentrations, the saturation effect often precludes differentiation
beltween 'Fhe effects of the different additives or mixtures of these. The results of
:\?ﬂt;rl;r;emc experimgnts show that the magnitude of the retardation effect depends on the
k. .s_uperpla‘sttmzer used an_d_ that Fhe measured properties vary linearly with the
mposition of binary superplasticizer mixtures.
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INTRODUCTION

The use of superplasticizers in the production of concrete leads to a major increaserf
the workability, and enables a reduction in either the water, or both the water and i
cement guantities used depending on the application (1). In addition to their influences®
rheological properties, the superplasticizer may affect other properties of fresh conere
which are related to the kinetics of hydration, such as the lag period, early strength, ¢
In practice, these properties are not severely altered by high range water reducers, St
standard specifications define limiting acceptable values (2).

Due to the wide range of cement and admixture types available, and to the inherg{

variability in their industrial production, compatibility problems may sometime arise Wt

particular cement-admixture combinations. For example, a superplasticizer may affectﬂ%
rheological properties of various cements in different ways depending on the chemi®
composition of the cements, or on their physico-chemical characteristics (3,4). Onf#
other hand, a cement may behave differently with various superplaticizers; this &
depend on factors such as their chemical type (naphthalene- or melamine-based (5)), 1
molar mass (6), their counterion (sodium or calcium), or the presence of by-products: |

Blends of different superplasticizers may also be used for the production of concr&“f
For example, lignosulfonates are frequently mixed with synthetic superplasticizers
economical or technological reasons. Blends of naphthalene- and melamine—baﬁﬁ
superplasticizers have also been used occasionally as reported in the literature
However, systematic comparisons of the behavior of superplasticizer mixtures with 4

I-.
of pure components are not available. E

In this paper, we initiated an investigation to determine how the rheological propemzl
and the hydration kinetics of cement pastes are altered by binary mixtures ¢

superplasticizer, as compared to the influence of the pure admixtures. In particuldr |
E

o
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aim to establish if there are any synergetic or antagonistic eff hen ici
g ects w
blends are used. superplasticizer

EXPERIMENTAL
Materials

Three commercially available superplasticizers have n i ;
sodiumpoly_-ﬁ-naphthalenesulfonate(NaPNS),calciumpoiy—E—?\eaplftisﬁetr?:szﬂ‘ror:?ts(?Ug&
S), an_d sodium polymelamine sulfonate (NaPMS). The poly-g-naphthalene su!fonate N
supplied i.:)y Handy Chemicals as concentrated solutions, and the polymelamine suelf i
was obtained from SKW in a solid form. The superplasticizers were characterized b Oim:rFe
chrpmatqgraphy (sulfate analysis), by ICP spectrometry (sodium and calcium anal Siy)onlg
by ion pairing HPLC (molar mass distribution). Typical chromatograms are shownyn § i
1, for NaPNS and NaPMS. The percentage of high molar mass (HMM) chain's ilg:r:e
polym_ers can be galculated from the area under the large peaks eluted at the Ign ;
retention tlmes. _Thns HMM fraction, together with other relevant superplasticizer feat 4
:Leof‘tj:wtnr:aatnztﬁd in Takble L ?gg results of ultrafiltration experiments on Na- or CaF’Néj r:J;\e/:

: e peak at = min (Fig. 1a) represents the pol i
ranging from 5 kD (Dalton = g/mol) to more than 100 kD (7). gc?rgpﬁgsuﬁlr?ilggl?gnrggis
shqwed that the p_eak at = 30 min (Fig. 1b) represents mainly the 5~30 kD polym 3
while that at 55 min is due to polymer with still higher molar mass (8) a8

Three Portland cements of different origin were used in this study. Their phase

§ I 3 r sses on 1 itior r a”d B ain I T

Methods

% O%r% -~ Th_e cement_pastefs were}prepared at a water/cement ratio (W/C)
o e Ths plasticizer was first mixed with water and the cement was added to
L 4 tV\;'O minpfstq was mixed mapually for one minute and then with a high speed
A éJOets Il;l' order to obtain a we'll_dlspersed slurry. The mixing procedure
SR < In ro _ed temperaturg co_ndntuons to obtain a final temperature of 25
stk perp agtupnzer COn.centratlon in the mix is expressed on a dry weight basis

superplasticizer relative to the weight of cement). For binary mixtures of

Superplasticizers, the ' :
indicated. . the total concentration and the mass ratio of the superplasticizers are

Rhem oz e .
deSthﬁgt?:K The paste fluidity was determined as function of time following a method
e SamZntro (9). In the latter, the cement paste is poured into a plexiglass cone
geometry as the Abraham cone for regular slump tests, but with reduced

dimensions (hej
eightof 6cm). T ini is rai
cement paste is measured? he minicone is raised and the area of the spread area of the
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Calorimetry -- Hydration thermograms of cement pastes have been recorded forg
period of 24 hours with an isoperibol calorimeter coupled with a data acquisition systen,

The experimental procedure used in the present work is similar to that described by Simari

et al. (10).

RESULTS AND DISCUSSION

Rheological studies

Minislump areas of cement pastes prepared with pure superplasticizers and with ther '
1:1 binary mixtures have been measured as function of time (10, 60 and 120 minutes}a}

four total superplasticizer concentrations (0.3, 0.5, 0.7 and 1 wt %).

Saturation point -- The minislump areas recorded at 10 minutes for pastes of cements
A and B fluidified with the pure superplasticizers at different concentrations are shownin}
Figure 2. For the two cements, the efficiency of the superplasticizers to increase the past

fluidity varies in the order NaPNS > CaPNS > NaPMS. The behavior of each cement upoig
addition of superplasticizer is otherwise quite different: Cement A is easier to fluidify thaf

cement B (i.e., at the same superplasticizer concentration, the minislump areas are muct
greater for cement A). Pastes of the latter cement also show a saturation effect at:
superplasticizer concentration between 0.5 and 0.7% for NaPNS and CaPNS; beyond th
saturation point, an increase in superplasticizer concentration has little effect on the
fluidity. For cement A containing NaPMS, and for cement B with all superplasticizers, ti
saturation point would be at 1% or more. Similar results were also found for the othe}
measurement times investigated (60, 120 min).

Superplasticizer mixtures -- As noted above, different superplasticizers can exhibl
important differences in their effectiveness to fluidify cement pastes. In this section, ¥
present the results of cement paste fluidification obtained with binary mixtures (]

superplasticizers.

Minislump areas at 10, 60 and 120 min after mixing are shown in Figure 3 for past®
of cement A containing, either pure, or 1:1 binary mixtures, of superplasticizers at fou
total concentrations (W/C = 0.35). At admixture concentrations of 0.3%, the initié
fluidity is low and the loss of fluidity as function of time is important. For most past&
measurements cannot be made at 120 minutes. However, at other measurement tilé
differences in efficiency can be observed between the three pure superplasticizers; L}
efficiency varies in the order NaPNS > CaPNS > NaPMS. The difference between NaPikE
and CaPNS may be attributed mainly to their relative content in high molar mass polymetg
For the 1:1 binary mixtures, the fluidities appear intermediate between those obtainedW

the pure superplasticizers.

At admixture concentrations of 0.5%, cement paste fluidities increase and the rfll?ﬁWE
loss in fluidity as function of time is greatly reduced. Binary mixtures of superplastlmzﬂﬁ

Superplasticizers: The Chemistry 189

again show fluidity results intermediate between those of the pure admixtures, and thi
is observed at the three measuring times. . and this

For admixture concentrations of 0.7 and 1%, a saturation point is reached with NaPNS
and CaPNS as noted previously for pastes containing either pure superplasticizer or their
mixture. At a total concentration of 0.7%, the NaPMS-NaPNS mixture yields fluidities
similar to thpse obtained with pure NaPNS, while the 1:1 binary mixture of NaPMS and
CaPNS, which has not yet reached the saturation point, gives fluidities intermediate
b?twheerr\\l tgl?ns;/:lf ;I;jespure admixtures at the three times of measurement. The behavior
of the Na a mixture (0.7%) i i indicati iati ; i
proportionality et ) is a first indication of deviations from a simple

Similar results of minislump experiments with cement B containing pure or binar
mixtpres of superplasticizers are shown in Figure 4. As noted earlier, at the sam:
admlxtur_e concen_tration, cement B is much less fluid than cement A. Thi;; is due in part
to the hlgher Blaine area of cement B and, possibly, to differences in the chemﬁca|
composition of the two cements. Despite the lower paste fluidities, the general trend of
rgsglts as function of superplasticizer concentration or as function c;f admixture types, i
similar to that observed for cement A. All 1:1 binary mixtures show results interr\:sadi'tls
between {hose of the pure admixtures, except for the mixture CaPNS-NaPNS a'? :
concentratlop of 0.7%, where the results are closer to those with NaPNS, and at 1°/a
where there is no variation of fluidity between NaPNS or CaPNS or their m'n;ture Agai:

slight deviation from a simple pro i i i i
. portionality rule in the mixed super ici
evidenced at a concentration = 0.7 wt %. e

cnn::r:tr(;.zirgr?ntfc()’ 7rr:'anlslump areas have only been measured at a superplasticizer
i PN?;-‘, N.PA:, the results are presented in Figure 5. With the 1:1 binary
Hehe é:ori onén:a Nj and NaPN.S-NaPMS, fluidities are intermediate between those of
L p s. However, wuth the NaPMS-CaPNS mixture, a synergistic effect can

served, the fluidities being higher than those with the pure components. This

behavior is rather uni i
C(Table 2). gue and would appear related to the particular composition of cement

Calorimetric Studies

=SINewc otuaies

The i
Sl t:rv:;a;lon thermogramfs were recorded over a period of 24 hours for pastes of each
ek (-3rfne0nts0 containing pure or binary mixture of superplasticizers at a total
of 0.7%. The temperature-versus-time curves (integral heat) and their

derivatives (he . £ gom.
SHNBPNES at flux) are illustrated in Figure 6 for cements A, B, and C containing 0.7 %

e
signifii aer:?dg;?:.i nby these curves, the hydration kinetics of the three cements show
R ons Ees. For cements A and. B, which have comparable chemical
5 lig perio('j ! ds ape of _the heat flux curves is similar, showing a two steps reaction.
nd the maximum heat flux found with these cements are however quite




