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ABSTRACT

Hydroxypropylguars (HPG) are used as admixturdadgtory-made mortars. These molecules
present water retention properties comparabledsetiobtained with commonly used
cellulosic water-retaining agent.

The influence of HPG on cement hydration was irigagtd in order to improve
understanding on the delayed effect induced bygaaigharides. Hydration kinetics were
characterized by means of conductivity and isotlacalorimetry measurements. The
influence of polymer concentration and predissolutvas studied. A weak influence of HPG
on the germination of hydrates was observed. Itraeth) HPG induced a significant decrease
in the hydrates growth rate. Strong effects offtblymer concentration and predissolution
were noticed too. From these results, we suppadhietypothesis that HPG adsorption on

hydrated phases via polar interactions should $goresible for the delayed effect observed.

KEYWORDS: polysaccharide (D), hydroxypropylguars (D), retardation (A), hydration (A),

water retention (C)
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1 Introduction

Traditionally, mortars are based on a mixture ofdsa binder such as cement or lime, and
water. Nowadays, modern factory-made mortars amgtEx materials, in which are added
some kinds of admixtures used to exhibit variowpprties, from the fresh state to the
hardened material.

Polysaccharides are one of these admixtures. Tieelyequently introduced into mortar
formulations in order to improve water retentiopaeity of the freshly-mixed materials,
which enhances cement hydration and adhesion tsuthstrate [1-4]. These products are also
expected to act as viscosity-enhancing admixturgsdvent segregation and thus improve
the homogeneity and workability of the mortar [5—8]

Among all polysaccharide€elluloseEthers (CE) are the most widely used when high water
retention capacity is expected. NeverthelesgjroxyPropylGuars (HPG) were recently
presented as a promising new class of water-reiegent [9]. HPG are already used in
various industrial fields, such as textile printing production or paper manufacturing, due to
their thickening effect [10]. HPG were also thejseabof some patents as admixture for
mortars.

The effect of saccharides has been largely stutiese fifty last years, in particular from a
cement hydration delay point of view. In the fitiste, the delayed effect of monosaccharides
was investigated [11-19]. It appears that sugankddee adsorbed to cement phases by a
chelation process. It can thereby form a tempadbaryier to further hydration. In broad
agreement with Young [11], Thomas and Birchall [p&}posed that sugars would be able to
poison the surfaces of the CH and CSH by complerainto these phases, which inhibit
their growth and therefore would be responsibletierdelay observed. According to Taplin
[13], sugars could bind to the cement phases ¥ lae a HO-C=0 group, or it could be

formed in alkaline media, such as cement pastaytdyolyze [14].
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Then, due to the use of polysaccharides in modeatofy-made mortars, interactions between
polysaccharides and cement have been reportediiseders established that polysaccharides
induce a more or less important delay of Portlagardent hydration [20—25], which depends
on the nature of the polysaccharide [26]. Pour@ied. [27,28] have established a
mechanism of interaction between CE and cement.

However, HPG have received scant attention by ¢ad@mic community although they are
already used industrially. As far as we know, dabguirre et al. [29}vas interested on the
impact of HPG, but in lime-based mortars. Thusatine of this work is to study the influence
of HPG on the Portland cement hydration kineticsaaty age.

Firstly, the water-retaining effect induced by theG in Portland cement-based mortars will
be checked. Secondly, cement hydration kineti¢teerpresence of HPG will be presented.
Hydration kinetics have been monitored by condutgtiand isothermal calorimetry
measurements. Finally, a special focus on theentte of the polymer predissolution has

been performed.

2 Materials

2.1 Mineral product

The investigated ordinary Portland cement (OPC)av@&M | 52.5 R CE CP2 NF type
cement according to the EN 197-1 standard. Its ad@rand phase compositions are given in
Table 1. Oxide composition was determined by Xfragrescence spectroscopy (SRS3400,
Bruker-AXS). XRD analysis (D5000, Siemens) alsowkd quantifying the phase
composition of the given cement by means of Rietvefinement method (Siroquant V2.5

software).
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2.2 Organic admixtures

Guar gum is a polysaccharide extracted from thd sadosperm afyamopsis

tetragonolobus, a native plant from India. This is a galactomanoansisting of a (1-4)-

linked B-D-mannopyranose backbone, with random branchpoingalactose via a-(1-6)
linkage [30] (Fig. 1a). The ratio of mannose toag#bse is about 1.8. Unlike the
manufacturing of cellulose, the extraction doesraquire chemical process, but a thermo-
mechanical one. So, guar gum is produced withaadyming any effluent. Moreover, because
of the presence of hydroxyl groups in its structgrear gum exhibits a high chemical
reactivity and is soluble in cold water. Thus, themical modification of this polysaccharide
does not require hard reaction conditions of teaijpee and pressure, does not generate large
quantity of by-products and needs weak purificaporcedure [31].

HPG are obtained from the native guar gum via mvéarsible nucleophilic substitution,

using propylene oxide in the presence of an alkatatalyst (Fig. 1b). Table 2 gives a
qualitative description of the six HPG samples filcemberti Sp.A which were studied. Al

the samples have similar molecular weight. The diffgrence between HPG 1, 2 and 3 is
the Degree of Substitution (DS). The only differeletween HPG 4, 5 and 6 is the presence
of additional substitution (short or long alkyl ahs).

In order to compare with classical polysacchardimiatures, three CE were also tested
(Table 2): two HydroxyPropylMethyl Cellulose (HPM@amed HPMC1 and HPMC2, and

one HydroxyEthyl Cellulose (HEC).



97 3 Experimental methods of investigation

98 3.1 Water retention measurements

99 Water retention capacity of mortars was charaadraccording to ASTM C1506-09 standard
100 [32]. This test is based on a measurement of theved water after depression and was
101 previously described by Patural et al. [3]. Wagtention, noted WR, was calculated using

102 the following equation:

103 WR(%) = w x100 (1)

0
104 W, represents the initial mass of mixing water; /the loss of water mass after aspiration.
105 Mortars were prepared according to the followingtamie proportions: 30% of cement, 65%
106 of sand and 5% of limestone filler (by weight). $mixture design was adapted from the
107 CEReM (european consortium for study and reseamahartars) mortars formulation [3].
108 Admixture amount (0.3 wt%) was in addition to tb&at dry mixture .e. cement, sand and
109 filler). Dry mixture was blended in a shaker (Tudgu/NVab) for 15 min. Deionized water was
110 added in order to obtain a water to cement rati€@ W/. Mixing procedure was in

111 accordance with EN 196-1 [33]. All tests were aairout in triplicate and at controlled

112 temperature of 23°C because water retention iseeatyre-dependent. A control test was

113 performed with a mortar without admixture.

114 3.2 Characterization of the cement hydration delay

115 3.21  Conductivity measurements on diluted suspensions

116 Characterization of the delay induced by the stig@lymers on the cement hydration was
117 performed by conductivity measurements. This metpgakars as a powerful and

118 reproducible tool to monitor the hydration kinetjd4,35].
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Conductivity measurements could be achieved in Bospension. This allows obtaining
hydration kinetics close to that observed in cenpastes, in spite of a high liquid to solid
weight ratio (noted L/S). Nevertheless, monitorirygiration kinetics in an artificial system of
lime water is complicated because the dissolutide of calcium from the cement could be
modified due to the initial high concentration ela@um ions in solution. Thus, conductivity
curves were interpreted according to the explangifoposed by Comparet et al. [36]. As
soon as cement was put in contact with liquid aleetrical conductivity increased as a
consequence of the dissolution of the anhydrousgsha hen, germination of hydrates on the
grain surface leads to a period, called “low conigitg increasing period”, where the
conductivity evolves weakly. Conductivity then decated more quickly. The conductimetric
slope is related to the growth rate of the hydrapooducts. Meanwhile, cement dissolution
still continued. The conductivity increased to tngical supersaturation point with respect to
portlandite and decreased rapidly due to its prtipn. Thus, an electrical conductivity drop
is caused by the portlandite precipitation. Thisqmdmenon was used to determine the
hydration delay. Therefore, in this study, the laordite precipitation time (notedd) is a
benchmark to classify and to quantify the relatardation ability of admixtures on cement
hydration.

Experiments were performed in diluted suspensithesmostated at 25°C and continuously
stirred. Each experiment was carried out in trgtkc The liquid to solid weight ratio (L/S)
used was equal to 20. Polymer to cement weighdagdR/C) equal to 0.5, 1.0, 1.5 and 2.0 %
were studied. Cement and admixture powders werelbtkin a shaker (Turbula, Wab) for 10
min before contact with the liquid phase. The lehused was a 20 mM lime solution or

deionized water. The control used was the neat sceme
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3.2.2 Isothermal calorimetry on cement pastes

Calorimetry is another technique useful to charasehe exothermic hydration process of
cement. The hydration process can be followed oaatisly at realistic water/cement ratios
(WI/C) in situ and aims at giving an indication bétoverall rate of reaction. Thus,
calorimetry can be used as a complementary methodriductivity in order to monitor the
kinetics of cement hydration and to observe hydratielay induced by retarders [37].

The tests were performed with an isothermal calet@m(C80, Setaram) at 25°C. The weight
ratios used were W/C = 0.4, with deionized watad B/C = 0.3 %. Ex-situ mixing was
preferred to in-situ mixing to improve the homogénef the sample, and thus
reproducibility. Mixing procedure, with 100g of cent, was in accordance with standard EN
196-1 [33]. 10 min after the beginning of the bathout 2g of paste are introduced in the

calorimeter. The control used was the neat cement.

3.2.3  Predissolution of the admixture

The influence of the polymer predissolution waslgd by means of conductivity and
isothermal calorimetry measurements. Admixturesevpeeviously dissolved in the liquid
phase, deionized water or 20 mM lime solution,2éh by magnetic stirring. Then, cement
was added.

In case of conductivity experiments, the effecthaf predissolution has been highlighted by
calculating the increase percentage in the portiampdecipitation timedy as followed (in
gray in Fig. 10):

(with prediss) —t.,, (without prediss)
t., (without prediss)

Increase of t., (%)=tCH x100 2
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3.3 Calcium binding capacity

The ability of HPG and also sugars (sucrose wisdimbwn to complex calcium ions,
galactose and mannose which constitute HPG’s migletauform complexes with calcium
ions was studied. Sugars are valuable insightsdardo compare the behavior of HPG and to
validate the relevance of this protocol, developgdhomas and Birchall [12].

Each sample (2 g per liter) was introduced intolame of water (1L) containing a large
excess of solid lime (6 g per liter). After 48 hewif stirring at a controlled temperature of
23°C, the suspension was filtered through au7glass fiber filter. The filtrates were diluted
and acidified. Then, a quantification of the catgiion content by ionic chromatography was
performed on a Dionex apparatus composed of a Gelent pump, a CS 12A cation-
exchange column and a CD 20 conductometric detethar eluent was a solution of
metasulfonic acid at 20 mM with isocratic mode. Tlbev was fixed at 1 mL/min. The results
correspond to an average of 3 experiments.

As the solid calcium hydroxide is in large excesdcium ions consumed by complexation do
not affect the "stock" of calcium ions in solutiavhich thus remains equal to 23 mM during
the experiment. However, once the filtrate diluaed acidified, the complexes are destroyed,
thus freeing the complexed calcium ions. So, ifdakeium concentration is about 23 mM
(solubility of lime), no significant complexatiorak taken place. Instead, a calcium

concentration above 23 mM indicates a significamhglexation of calcium ions.

3.4 Kinetic of dissolution

HPG absorb in the ultraviolet as evidenced by tisogtion spectra (Fig. 2a), and the
concentration of HPG in solution is proportionatite absorbance at the maximum of the

band (266 nm) as shown in Fig. 2b.
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The dissolution process was monitored by acquisitibUV-Vis absorption spectra. The
procedure was the following: a dispersion of HPi@affconcentration: 2g:t) in deionized
water or 20 mM lime solution was prepared in aeatactor (1L of solution) thermostated
at 25°C. HPG was introduced through a sieve inrdmbave a good dispersion of the sample
into the vortex created by the mechanic stirreuslthe aggregation of particles was
minimized and a homogeneous polymer solution wadymred. The experiment was done
under continuous flow of nitrogen to avoid carbdorabf lime. At different times, an aliquot
of approximately 5 mL was taken from the batch sotuand centrifuged by means of a
micro-centrifuge (Eppendorf MiniSpin Plus, 1450@n)dfor 5 min in order to remove
undissolved particles. The supernatant was cotlemtel homogenized by vortex-stirring. The
absorbance of this solution was measured betwe@ma2® 400 nm using an UV/Visible
spectrophotometer (Cary 300 Scan, Varian). A degi@eogress of the dissolution reaction
A(t) was used, which is equal to the absorptioma t divided by the absorption at the end
of the dissolution reaction.€. 24 h). This number is adimensional and its vasueetween O

and 1.

4 Results and discussions

4.1 Impact of HPG on water retention in fresh mortar

Water retention is a very sensitive mortar propdrgieed, it must be important enough to not
disturb the hydration of the cement. It also lintite absorption of the mixing water by the
substrate and thus provides good mechanical aresaghproperties to the mortar.

DTU 26.1 [38] specifies three classes of watemste of a fresh mortar. The first one
represents mortars which water retention is lowant86%; they belong to the low water

retention category. The second class (intermediater retention) corresponds to values

10
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ranging from 86% to 94%. The last one is defineavlyer retention higher than 94%. This
class is related to strong water retention momaria desired by formulators of industrial
mortars.

Water retention capacity of the studied mortar®etiog to the admixture used is shown in
Fig. 3. With this formulation, mortars containing?8 2 to 6 and HPMC 2 could be
considered as high WR capacity according to the R&11. Mortars containing HPG 1,
HPMC 1 and HEC are in the intermediate category.

Thus, HPG improve considerably the water retentapacity of the mortar compared to the
control without water-retention admixture, as anmd by Plank [9]. In addition, the results
are quite comparable to those obtained with thefEference.

Therefore, HPG can be considered as promising wetention agents for dry-mix Portland

cement-based mortars.

4.2 Impact of HPG on hydration kinetics of cement

4.2.1 Delayed effect

The delayed effect of HPG on cement hydration kiseas monitored by conductivity in a

20 mM lime solution, for ratios L/S = 20 and P/@%. To have a clear and readable
analysis, all the conductimetric curves will notgresented on the same figure. Thus, Table 3
regroups the conductimetric data obtained (i.etlgrmdite precipitation times, delays
compared to the control and conductimetric slogeg).4 presents the influence of the DS on
the conductimetric curves by studying HPG 1, 2 &nchich are the same molecules, except
the DS (DSHPG1>DSHPG2>DSHPG3). The influence ofalkgl substitution was studied

by comparison of HPG 4, 5 and 6 (see Table 2).cbmeluctimetric curves obtained are

shown in Fig. 5.

11
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The conductimetric data (Table 3) highlights thgatt of HPG on the kinetics of hydration.
By focusing on the portlandite precipitation tineerfductivity drop) and delays, it appears a
wide range of delays induced by the admixturesistudHPG 5 and 6 exhibit superposed
conductimetric curves and the weaker delay (+718t86% respectively). The most
important delay is observed for HPG 1 (+329%)ldbappears that delays induced by HPG
are between those obtained for the CE studied (+#0%405%).

Some polysaccharides (dextrines for example [26§tloer admixtures (setting retarding
admixtures such as sugars [19], sodium glucon&kdiBsome superplasticizers [36]) induce
a blocking effect or an inhibition of the hydratidtkere, from the shape of the conductimetric
curves obtained, HPG involve a small increase endiliration of the “low conductivity
increasing period”. Therefore, this indicates akvefluence of the HPG on the germination
of cement hydrates. The delay of portlandite piiggipn time seems to be mainly due to a
slope decrease (Table 3). Indeed, the slope olotavita the control is almost six times
higher than that obtained for HPG 1. The slopénefdonductimetric curve is linked to the
growth rate of the hydrated cement phases. HPG seawt preferentially on the growth of
hydrates phases, rather than on their germinafiois. could explain the delays observed and
is in agreement with results obtained with CE [40].

In addition, delay increases when DS decreases4kFifNevertheless, the alkyl substitution
seems to have a slight effect (Fig. 5) becausdehay slightly decreases in the presence of

alkyl chains. The effect of the chain length isliggigle.

4.2.2  Calcium binding capacity

The calcium complexation is often advanced as agsamto explain the effect of retarders
[41]. It seemed important to check if HPG complathvealcium ions. The calcium binding
capacity at alkaline pH of the 6 HPG and 3 sugamewonducted and the results are

presented in Fig. 6. It appears clearly that thaglexation of calcium ions by HPG is null or

12
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very weak, like with CE [42]. Indeed, the valuecafcium ions concentration found for the
HPG samples was close to the reference samplesamrdyi due to the lime solubility. Instead,
sugars studied present higher calcium ion concimtrdue to a greater binding capacity,
which is coherent according to the data of theditgre [12,42]. Therefore, calcium ion

complexation is clearly not responsible for theagiedf cement hydration induced by HPG.

4.2.3 Influence of polymer concentration

The influence of the amount of polymer is studigacbnductivity in 20mM lime solution by
varying P/C ratio with a constant L/S ratio (equaR0) for each HPG. The effect of polymer
concentration is considerable and results in aidrdecrease in the slope (Fig. 7). Thus, a
small increase in the amount of polymer leadshage increase in the portlandite
precipitation time, and so in the delay of hydnatiBig. 8 presents the portlandite
precipitation time for each polymer and concentratil he effect of the concentration is
similar whatever the molecule. For each polymes,itiore the concentration increases, the
more the delay increases. As the retarding eféeeffective at very low HPG concentrations,
it confirms that calcium complexation cannot bgmssible for the delay mechanism.

It is generally admitted that cement hydration getaluced by admixtures is due to
adsorption of these molecules to surfaces of tloedtyng cement particles and/or surfaces of
hydration products [41,43]. The concentration deleen behavior of the delay suggests also
that HPG delay cement hydration via adsorptionhencement phases.

The mechanism responsible for the delay induce@bys the adsorption of the molecule on
the hydrate cement phases. Indeed, Pourchezhetvad.shown evidence of the adsorption of
CE on calcium hydroaluminates [44] and CSH/CH [#jlysaccharides are molecules which
contain a lot of polar functional groups (-OH). Téfere, strong interactions, through
electrostatic forces and hydrogen-bonding, canoetween polysaccharides and the highly

polar hydrated phases [43]. The relationship betvegtsorption and retardation was

13
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previously shown [25,40]. It results that the higtiee substituent content is, the weaker the
retardation ability is, because of lower amountreé hydroxyls and so lower adsorption
ability.

For HPG, the phenomena could be very close, dtleetsimilarity of the molecules used, in
particular the high content of hydroxyl groups. Waat al. [45,46] have shown that the
adsorption mechanism of galactomannose polysadgsaat solid-liquid interfaces involves
strong hydrogen bonding. Results obtained areaadagreement with the relationship
between adsorption and retardation described athodeed, qualitative data of DS are
coherent with the delay observed. For examplecomeparison of the HPG with different DS
shows thatdu(HPG1) > tn(HPG2) > £4(HPG3) with DS(HPG1) < DS(HPG2) < DS(HPG3).
Moreover, delay induced by HPG 4 is slightly highempared to HPG 5 and 6. The only
difference between these HPG is the substitutidhetlkyl chains which could cause steric
hindrance and increase the lipophilic charactehefpolymer. The presence of alkyl chains
could reduce slightly the adsorption and so thayddtffectively, En(HPG4) is higher than
tcu(HPG5,6). Nevertheless, the length of the alkylimhaeems to not affect the adsorption
because the difference on hydration delay is niggigindeed, the portlandite precipitation

times for HPG 5 and HPG 6 are very close.

4.2.4  Influence of admixture predissolution

The effect of the admixture predissolution on tement hydration kinetics has also been
observed. Firstly, this effect in concentrated @agas studied by isothermal calorimetry.
Heat evolutions within 24h for cement pastes withamd with admixtures are presented in
Fig. 9. For admixed cement pastes, HPG 1 (a), HP&) @nd HPG 3 (c) were predissolved or
not.

Two significant heat flow maxima are observed alyeage for the neat cement paste.

According to many authors [47-50], the main peadtisbuted to the alite hydration reaction.
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The second peak, only visible as a shoulder, cooregs to renewed dissolution ofAConce

the solid gypsum has been exhauskent.the cement pastes admixed with HPG and without
predissolution, the main peak is delayed, whatdweadmixture. Thus, HPG retard cement
hydration at early age, as well in concentratedergrpastes as in diluted suspensions.

The polymer predissolution seems to allow the samar of the main peak into two peaks.
This separation is more easily visible in the aafsthe HPG 1 (Fig. 9a). For HPG 4, 5 and 6,
which have a high DS, the effect is very weak,caigiie HPG 3 (Fig. 9¢). For HPG 2 (Fig.
9b), which has an intermediate DS, separation@ptek is less pronounced than in the case
of HPG 1, but it is clearly visible. This suggettat the effect is all the more significant since
the DS is low. Thus, HPG act preferentially eitberthe alite hydration or on the exhaustion
of the solid gypsum, which is highlighted when H&®@ already in the solution.

In diluted suspensions, negligible impact of predistion is observed in water whatever the
admixture considered (Fig. 10a). However, in limspension (Fig. 10b), the impact of
predissolution is very strong for HPG 1, with a @uigcrease in portlandite precipitation time
of 77%. As observed by isothermal calorimetry, éffect decreases when the DS increases: +
19% for HPG 2 and +10% for HPG 3. The impact ofim®olution is negligible for HPG 4
and 5. For CE, no impact of predissolution is obsértoo, which is coherent with results of
Pourchez [51]. For HPG, the delay caused by thgnpel is more important after
predissolution in 20 mM lime solution than in wageo effect), mainly when DS is low. It is
therefore an effect of the alkalinity of the medium

Different hypotheses can be considered. The polymeid be degraded due to the high
alkalinity reached when cement dissolves. This alggion could lead to the formation of
carboxylates by peeling reaction, molecules knawnave a strong retarding effect [52]. The

predissolution in lime would promote this degrad@atiresulting in an increase in the delay.

15
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Ultra-violet spectroscopy allows highlighting aliked degradation. Indeed, the alkaline
degradation of sugars leads to the formation afgel peak in the UV range, between 250 and
300 nm, due to the formation of saccharinic acidhe enolization of the sugars [12]. To
investigate this effect, HPG and sugars (sampbedan calcium binding experiments) were
stirred in water and lime solution. UV-Vis absogptispectra were carried out over time. Fig.
11 shows these results in case of HPG 1 and galatepresenting HPG and sugars
respectively. In the case of HPG 1, the absorppectra are different in water and in lime
solution. Nevertheless, the difference is almostantaneous and then remains stable over
time. Therefore, it cannot be due to alkaline dégtian. The difference in intensity is only
due to HPG dissolution. For the other 5 HPG, nteckhce was observed between UV-Vis
absorption spectra of polymer dissolved in watet iadime solution. On the contrary, sugars
exhibit actually alkaline degradation. A new pegkears and grows with time when they are
dissolved in lime solution.

Moreover, an infrared investigation was made t@wheine if carboxylates are formed after
dissolution of HPG in alkaline media. As above, HR&e stirred in water and lime solution.
After 24h, solutions were neutralized and then guio an oven until evaporation of the
liquid phase. Solid residues were analyzed by iaftapectrometry. No band at 1590tm
corresponding to carboxylates functions, was oleskmeither in water nor in lime solution.
Thus, experiments on HPG indicate their alkalimdidity. This is consistent with the
hypotheses of many authors. A reduction in intansscosity has been observed for
galactomannans under alkaline conditions [53-36jvever, according to these authors, this
reduction is not due to degradation by a peeliagtren, but to inhibition of intermolecular
interactions (hyperentanglement) because of ioizatf hydroxyl groups. Izaguirre et al.
reached the same conclusion with HPG [29]. Furtleensimilar results of polysaccharide

alkaline stability were observed with CE [42].
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A second hypothesis would be slower dissolutior&iis of the polymer in lime solution than
in water. In that case, in lime solution, the poéyns not fully active to delay the cement
hydration without predissolution because the digsmh would be slowdown. On the
contrary, predissolution leads to the completedaiig®n of the polymer and therefore a
maximum delay. In water, if the dissolution is fgeedissolution could have no effect. Fig.
12 presents the effect of the media on the digsolkinetics for HPG 1. Dissolution is very
fast, both in water and in 20 mM lime solution. Tg@ymer seems to be completely
dissolved after 40 min, whatever the dissolutiorimeSame results are obtained for the
other HPG. Thus, dissolution kinetics cannot beaasible for the predissolution effect on
cement hydration kinetics. Moreover, guar gum igviin to be easily soluble [56].

According to some authors, hydroxyl groups of galam@nnans [53-55] and HPG [29] would
ionize in alkaline media. It seems very probabb firedissolving the polymer in the lime
solution would ionize a maximum of hydroxyl grougosd thus enhance the adsorption of
polysaccharide on the cement phases. So, the deddfget is greater after predissolution in
lime solution, but there is no change after pradiggon in water. That would explain why
HPG 1, which is the polymer with the lower DS, tlmigher amount of polysaccharidic
backbone hydroxyl groups, is the most sensitiyeréalissolution. Furthermore, this
hypothesis is coherent with the adsorption mechania the hydroxyl sites proposed to
explain hydration delay induced by HPG. This issistent with the effect of HPG
predissolution in water observed by isothermal madetry too. Indeed, calorimetry
experiments were made in concentrated pastes. dste {3 quickly saturated in lime and the
pH increases almost instantly. Thus, even if thgmer is predissolved in water, phenomena
occurring are closer to what was observed in camdtycexperiments after predissolution in

lime solution.
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5 Conclusions

Based upon this study, it appears that HPG delagetent hydration with an influence on the
growth of the hydrates, rather than on the gernonaif hydrates. Complexation of calcium
ions does not explain this effect. A strong impzfdhe concentration on the hydration
kinetics was observed. The results and the molesifalarity with CE suggest that the delay
effect is due to the adsorption of the HPG viaitiieraction between hydroxyl groups and the
highly polar hydrated phases. This hypothesis eoent with the qualitative data of DS.

An increase in portlandite precipitation time wasiced after predissolution of HPG in lime
solution. It was shown that no alkaline degradatibhlPG occurs. Moreover, no difference
of admixture dissolution kinetics in water or lirselution was observed. Thus, these two
phenomena are not responsible for the increadeeidelay. We put forward that the
ionization of hydroxyl groups in alkaline media enbes the delay. This is consistent with
the adsorption theory. In addition, calorimetrigastigations on predissolution effect show
that the delayed effect induced by HPG would beenspiecific on silicate or aluminate
reaction.

Finally, this paper initiates the study of the mtion between cement and HPG. This
polymer, whose study is very scarce in literatpresents very interesting properties.
Especially, water retention properties are comgartbthose obtained with CE, with the
advantage of producing lower pollution during thenufacturing. Therefore, it is very

important to improve knowledge of the impact of HBscement hydration kinetics.
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