Available online at www.building-chemistry.com

Journal of
Building Chemistry

J. Build. Chem. 1 (2016), 31-36

Journal of
Building Chemistry

Influence of temperature on efficiency of superptaEng
admixtures for concrete

Pawel tukowski

Department of Building Materials Engineering, Fagubf Civil Engineering, Warsaw University of Tecltowy,
Al. Armii Ludowej 16, 00-637 Warsaw, Poland

Abstract

Temperature is one of the most important factdiectihg the efficiency of polymer admixtures to cogte, yet this relation
is still not fully explained. The direction of chgas depends on the type (chemical nature) of thexaare, and often also on
its concentration and composition of the concrete. Making into consideration the big diversity tife used polymer
admixtures, it is very hard to predict their tengtare characteristics; this requires detailedngstit is possible to find out,
on the base of the collected data, that in the of$kee new generation of the superplasticizersnarease of temperature
usually leads to diminishing of the admixture afitccy. This means the necessity of increasing dosafy the
superplasticizers of new generation at higher teatpee.
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1. Superplasticizing admixturesin concrete production

Growing requirements from the users cause the sigesf continuous improving of the concrete
performance. One of the elements of this developrniemwide use of admixtures, which are rational and
effective mean for modification of the concrete gedies. According to the European Standard EN B34-
“Admixtures for concrete, mortar and grout — Part Concrete admixtures — Definitions, requirements,
conformity, marking and labelling”, the admixtum@ fconcrete i material added during the mixing process of
concrete in a quantity not more than 5% by magb@ftement content of the concrete, to modify tbpeties
of the mix in the fresh and/or hardened stdtee larger amounts of modifiers are called addi

The largest group of concrete admixtures creatstiplaers and superplasticizers. The aim of thei is
increasing fluidity of the concrete mix, while kéagp constant value of the water/cement ratio, beraatively,
maintaining the consistence and simultaneouslyed@ty amount of the mixing water (decreasing wtioya
The superplasticizers — high range water reducitmixtures — allow for lowering of the content o&étboncrete
mix by at least 12% (the superplasticizers of tee generation even by more than 30%).

The contemporary superplasticizers are polymers. ddnventional admixtures of this type are sulfedat
resins: naphtalene-formaldehyde, melamine-formaldehand melamine ones. The superplasticizers of new
generation contain polycarboxylates, acrylic coypwrs and cross-linked acrylic resins.
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The efficiency of the concrete admixtures dependsntany factors, like chemical composition of the
modifier and the cement binder, composition ofdbacrete mix, including the presence of the otlgeniatures
and additions, amount of the mixing water and, ae of the particularly important factors, temperatu
(ACI 2010; tukowski 2016).

2. Effect of temperature on the properties of the concrete mix

Temperature of the concrete mix depends on the eathkind concrete components temperature. The
temperature of the aggregate and water correspbadially, to the temperature of their storing asithg. The
cement, however, contains also the accumulated dedatered during the grinding of the portland kén.
Release of this heat by the cement stored in tles & a slow process, particularly at the high imb
temperature. The temperature of the cement detivierehe concrete production facility is oftenldtigh. Due
to increased demand for the cement at the summaspsethe cement with the temperature reaching 80e@
is sometimes used for the concrete manufacturiack{gwicz-Rek and tukowski 2011).

Change of cement temperature by 5°C causes thegehafconcrete mix temperature by about 0.5°C
(Kosmatka et al. 2003), but even slight increaséenfperature of the can affect the properties efdabncrete
mix and the hardened concrete. The fluidity of thertar mix is lower by 50% when the cement tempeeat
rises from 25 to 90°C manufacturing (Jackiewicz-Reld tukowski 2011), and the loss of consistence is
quicker at the higher temperature (Fig. 1).
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Fig. 1. Change of consistence of the concrete mixes Wwatsame initial slump at different temperature sx¢iampton (1981).

Rise of temperature causes also the significamet oisthe water demand by the concrete mix (Fig. 2).
Therefore, the technological performance of theamiat the higher temperature is worsened.
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Fig. 2. Effect of temperature on the amount of mixing watecessary for achieving slump 75 mm (the typécathposition of the concrete
mix) acc. to US Bureau of Reclamation (1981).
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3. Temperature and efficiency of superplasticizers

The contemporary high range water reducing adnestare the polymers; the mechanisms of their action
cover the complicated chemical and physico-chempralceses (Czarnecki 1996; tukowski 2003). These
processes are obviously affected by temperature.

The dependence of the rheological properties of siingerplasticized concrete mix on temperature was
demonstrated by Gotaszewski and Szwabowski (200d)Gotaszewski (2006). The rise of temperature llysua
causes the downfall of the plastic viscosity (F3g.b), while the yield stress is increasing in thigiation
(Fig. 3, a). The increase of the yield stress wittreasing temperature is confirmed by many resesisc e.qg.
(Nehdi and Al Martini 2009; Petit et al. 2010). Tbeurse of changes is depending on the compositidhe
mix, particularly on water/cement ratio as welklas type and content of the superplasticizer. Trherderefore,

a relationship between temperature and actioneo&timixtures.
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Fig. 3. An example of dependence of the rheological patermef the concrete mix on temperature while upiolyether admixture acc. to
Gotaszewski and Szwabowski (2004).

According to Schmidt et al. (2014), another impotttactor affecting the influence of temperaturetba
superplasticizer action is the content of the {p@wder) fraction in the concrete mix. Temperatwa#sct mixes
with high water to powder ratios in different walgah mixes with low water to powder ratios. At low
temperature a powder rich mixes show good perfocemawhile at high temperature the powder-rich cetecrs
prone to quickly lose flow properties. The situatis exactly inverted for mixtes containing low amts of
powder. They perform significantly more robust @thhtemperatures.

According to Kaleta and Grzeszczyk (2015), a temjpee increase causes also a drop of thixotropy in
cement pastes containing superplasticizer.

Petit et al. (2006) have formulated, for the coterenix containing the superplasticizer, the model
relationships between yield stress and time atouaritemperature (Fig. 4), concluding that the higise
temperature, the quicker is growth of this property
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Fig. 4. Model relationships between yield stress and tan&arious temperature (superplasticizer — sulfehataphtalene resin) acc. to
Petit et al. (2006).
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However, some authors, e.g. (Jolicoeur et al. 19&#&ya et al. 2000) have demonstrated that worserfing
the fluidity and quicker loss of consistence athiig temperature is not an absolute rule, when the
superplasticizer is present in the concrete mixeyThrgue that the rise of temperature acceleratemly
hydration of cement, but also the adsorption oyp@rs on the cement grains, which leads to tharmgrowth
of the mix fluidity. In his PhD thesis Schmidt (2D)1concludes that two opposing effects act in pelréh
concrete mix, which are determined by the tempesatincreasing temperature negatively affects the
workability by accelerating the hydration of ceméenhis effect is dominant in the case of concretinaut or
with small amounts of superplasticizer. Howevee, dlccelerated growth of ettringite quickly providesumber
of adsorption sites for admixture molecules, whadmin positively affects the flowability. Therefortor
concrete containing high amounts of admixture, efffect of temperature may be alternate and is adiffi
to predict.

On the other hand, Flatt (1997) has found thatidkerelationships is not unequivocal; in some sasen
the retarding of adsorption can be observed. Adongrtb Kurdowski (2014), in the case of some adures
(e.g. the sodium salts of some polyacrylic acitis)doncrete mix maintains the constant consistahgeowing
temperature. When modifying such superplasticizevren the improving of consistence with rising tenapure
is possible.

The influence of temperature on the efficiency ghhrange water reducing admixtures is then amhiguo
This is confirmed by investigation of Tsukada et €003). They search for the content of various
superplasticizers, necessary for their efficieriingcin the concrete mix at various temperature.(5). In the
case of the new generation admixtures, the polgoathtes (PC), demand for the admixture increasitls w
growing temperature, while the required contenthef “traditional” superplasticizers, like sulfondtmelamine
resins (SM) or sulfonated napftalene resins (SBgreses at higher temperature.
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Fig. 5. Content of various admixtures in the mortar mecessary for slump 250 mm acc. to Tsukada et@D3(2

This phenomenon can be explained by the investigaif Grzeszczyk and Sudot (2003). They have found
out that the range and efficiency of the stericdhamce, provided by the polycarboxylate superplesis,
depends on the degree of hydration of the sideyéploér) chains of the superplasticizer moleculesodzbd on
the surface of the cement grains. The growing teatpee breaks off the hydrogen bonds between therew
chains and the water. This leads to the re-whirtithe polyether chains and, as a consequencénidhing of
the range and efficiency of the steric hindranceé.sAfficiently high temperature the hindrance beesm
insufficient for defloculation of the cement grainsd the flowability of the concrete mix is lost.

In another attempt to explain the mechanism of tmapire influence on the superplasticizers efficjen
Ridi et al. (2013) have found out that the highmgitemperature shortens the duration of the indagteriod in
the superplasticized cement paste, but only wherhiph range water-reducing admixture is accompihie
viscosity modifying admixture.

The influence of temperature on the efficiency gferplasticizers depends also on the compatiltiktyveen
the modifier and the cement. The same admixturesactin different, and sometimes even opposite, when
used with various cements. From this point of vigarticularly important is content of tricalciumuatinate
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(CsA) and alkalis (NgO.) in the cement composition. Considering the hugerdity of the used cements, the
prediction of those interactions is extremely difli. Griesser (2002) has conducted the wide inyaton,
finding that for almost every combination cementsuperplasticizer, the dependence of the rheological
parameters on the temperature is different (Fig. 6)
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Fig. 6. Yield stress ¢ parameter) of the concrete mix vs. temperaturevéosious cements (a-d) and superplasticizers: SiiFofpated
naphtalene-formaldehyde resin); SMF (sulfonatecam@ie-formaldehyde resin); PC (polycarboxylate) éz&riesser (2002).

4. Sumup

Wide use of polymer admixtures is an element of dbeelopment of contemporary concrete technology.
One of the important factor of the polymer admigtirefficiency is temperature. The direction of dem
depends on the type (chemical nature) of the mexdifs well as its content and the composition efabncrete
mix. Considering the diversity of the polymer adtaies, the prediction of the temperature charasttesi is
difficult and requires detailed investigations. @e basis of the gathered information, one canlodecthat in
the case of the new generation suerplasticizees,giiowth of temperature usually leads to worserofig
effectiveness, and in consequence to the increasisgge of admixtures.
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