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ABSTRACT
Nowadays, modern factory-made mortars are usuallgndlated with polysaccharides in
order to improve water retention capacity, homoggnand workability. Among all
polysaccharides, hydroxypropylguars have receiway scant attention in technical literature.
This paper shows that hydroxypropylguars give d&onelwater retention properties to the
mortar. However, as with cellulose ethers thatthesreference for this type of admixtures,
these molecules delay the hydration of cement. bMare the effect of the polymer
predissolution in the liquid phase has been studiBgere is a real impact of the

predissolution on the water retention capacityhefmortar and the cement hydration kinetics.

Keywords: HydroxyPropylGuar, mortar, water retention, cemagtration kinetics



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

INTRODUCTION

Traditionally, mortars are made from a mixture ah@, a binder such as cement or lime, and
water. Modern factory-made mortars are complex nasein which are added several kinds
of admixtures to exhibit various properties, frdm fresh paste to the hardened material.
Polysaccharides are one of these admixtures. Theyfraquently introduced into mortar
formulations in order to improve water retentiorpaeity of the freshly-mixed materials,
which enhances cement hydration and adhesion tsubstrate. These products are also
expected to act as viscosity-enhancing admixturgsrévent segregation and thus improve
the homogeneity and workability of the mortar. Hoere the major drawback of these
macromolecules in mortar formulation is the delayhie setting time of the cement [1].
Among all polysaccharides, cellulose ethers are nttust widely used when high water
retention capacity is expected. NevertheldsgdroxyPropylGuars (HPG) were recently
presented as a promising new class of water-reiagent [2]. HPG are already used in
paint or paper manufacturing due to its high waetention capacity. HPG were also the
subject of a lot of patents as admixture for martétfowever, these molecules have received
scant attention by the academic community. As $awva knew, only Izaguirret al.[3] have
studied the effect of HPG in lime-based mortars.
Thus, the aim of this work is to study the impattHG on the properties of portland
cement-based mortars at fresh state, in partiouéer retention capacity and the cement
hydration kinetics at early age.

RESEARCH SIGNIFICANCE
Polysaccharides are commonly used in cement-basgdrials, but most studies focus on
cellulose ethers or welan gum. So, studies abodttolxylpropylguars are very scarce in the
technical literatures. However these moleculesepriegery interesting properties, especially

water retention properties, comparable to thosainétl with cellulose ethers.
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EXPERIMENTAL INVESTIGATION
Mineral products
Portland cement CEM | 52.5 R, according to EN 194}1was employed. Chemical analysis
was performed three times by X-ray fluorescencectspecopy (XRF). Thus, phase
compositions Table 1) were calculated using Bogue formula with CaO ecion [5]. Sand
was siliceous and conformed to standard NF EN 13aBZalcium carbonate (CaGXiller

was also used.

Organic admixtures: HydroxyPropylGuars (HPG)

Guar gum is a galactomannan consisting of a (1réed p-D-mannopyranose backbone,
with random branchpoints of galactose via an al@dhé) linkage [7] Erreur ! Source du
renvoi introuvable.-A). The ratio of mannose to galactose is about Thiss polysaccharide
is extracted from the seed endosperm of Cyamogisagbnolobus, a native plant from India.
The extraction does not require chemical processalihermo-chemical one. So, unlike the
manufacturing of cellulose, guar gum is obtainethaut producing any effluent or causing
pollution.

HPG is obtained from the native guar gum via aevirsible nucleophilic substitution, using
propylene oxide in the presence of an alkaline lgstta(Erreur ! Source du renvoi
introuvable.-B). Due to a significant thickening effect, thisngpound is one of the most
used derivatives, especially in textile printind,@ibduction, paper manufacturing [8].

In this paper, six HPG powders frobamberti S.p.Avere studied. They have roughly the
same molecular weightErreur! Source du renvoi introuvable. gives a qualitative

description of the HPG samples used in this work.
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Three cellulose ethers were also tested: two Hyd®oxpylMethyl Cellulose (HPMC) named
HPMC1 and HPMC2, and one HydroxyEthyl Cellulose ¢GJEHPMC 1 has a lower

molecular weight than HPMC 2, and thus a lowerassy.

Water retention measurements

Water retention is a very sensitive mortar propéegeed, it must be important enough, to
not disturb the hydration of the cement. It alsoits the absorption of the mixing water by
the substrate and thus provides good mechanicadimesive properties to the mortar.

The water retention capacity of freshly-mixed mortan be assessed using different tests
where the removed water after suction or depressioreasured [9].

A standard method to estimate the water retentpaacty of a mortar is the test described in
ASTM C1506-09 [10]. ASTM measurements had to bdopered 15 min after mixing to
measure the water loss of a mortar under depressienstandardized apparatlsreur !
Source du renvoi introuvable) was exposed to a vacuum of 50 mm of mercury (B%6Ra)

for 15 min. Then, the water retention capacityedotVR, was calculated using the following

equation:

W W
WR (%) = %}( 100

o

W, represents the initial mass of mixing water; i/the loss of water mass after aspiration.

DTU 26.1 [11] specifies three classes of watemtata (as measured by ASTM method) of a
fresh mortar. The first one (low water retentiotegary) is for mortars with a water retention
lower than 86%. The second class (intermediataesponds to values ranging from 86% to
94%. The last one (strong) is defined by waterntete higher than 94%, corresponding to

the required values.
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A second method was also used to measure the vedégition, which is the Standard DIN

18555-7 [12]. With this method, the freshly-mixedmar was in contact with a filter paper,
thereby simulating the action of an absorptive sabs. DIN measurements had to be
performed 5 min after mixing for 5 min. The watetention capacity of a freshly-mixed

mortar was characterized by the retained mass térvadter the capillarity action of the

absorbent substrate. The standardized apparatescsibed irErreur ! Source du renvoi

introuvable.. The water retention was calculated using th@falg equation:

_ WF:J
WR [%] = 100 —? % 100

o

Where W, is the quantity of water retained by the filteppaand W is the initial quantity of

water inside the studied mortar.

All tests were carried out in triplicate and a coléd temperature of 23°C (73.4°F).
Temperature had to be controlled because watemti@beand consistency are temperature-
dependent.

Mortars were prepared according to the followingtonie proportions: 30% of cement, 65%
of sand and 5% of filler (by weight). Admixture aom (0.1, 0.2 or 0.3% wt) was in addition
to the total dry mixture (i.e. cement, sand ankbrjl Dry mixture was blended in a shaker
(Wab, Turbula, Germany) for 15 min. Deionised wates added to have a water to cement
ratio W/C = 1. Mixing procedure was in accordand kN 196-1 [13].

Admixtures used for the water retention tests wheesix HPG, HPMC1 and HPMC2. A

control test was also performed with a mortar withedmixture.

Characterization of the cement hydration delay
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It is empirically established for years that polyd@arides induce a more or less important
delay of cement hydration. But the mechanisms tdraction between this polymers and
cement are still not well established and depenthemature of the polysaccharide [14], [15].
To characterize the delay induced by the studiednpeis on the cement hydration,
conductivity measurements are performed. Duringesgrhydration, ions are released during
dissolution of anhydrous phases and others ionsc@msumed during the precipitation of
hydrates. This overall evolution of ionic concetitmas can be monitored by conductivity
measurements [16]. This method appears as a poweoiuio monitor the hydration kinetics
and lead to reveal the nucleation, growth and pretion processes of hydrates such as C—
S—H or portlanditeKig. 4).

Conductimetric measurements could be realizednme Isuspension. This allows to obtain
hydration kinetics close to that observed in cenpagtes in spite of a high liquid to solid
(noted L/S) weight ratio. The portlandite precipda time is represented by an electrical
conductivity drop. This phenomenon could be usedht determination of the hydration
delay. Therefore, in this study, conductimetry dealo classify and to determine the relative

retardation capacity of admixtures on cement hyainat

The experiments were performed in diluted suspessithermostated at 25°C (77°F) and
continuously stirred. Each experiment was carrigdrotriplicate.

The liquid to solid (L/S) weight ratios used wegpial to 10, 20 or 50. The solid was a mix of
cement and admixture powders which was blendedsiméer (Wab, Turbula, Germany) for
10 min. Polymer to cement (P/C) weight ratios edqod.5, 1.0, 1.5 and 2.0 % were studied.
The liquid used was a roughly saturated lime sofu(RO mM).

The studied admixtures are the 6 HPG and two osé&lethers: HPMC 1 and HEC. The

control test is the neat cement.
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Predissolution of the polymer

Typically, the polymer is mixed with solid cemehtowever, we also study the influence of
the polymer predissolution in the liquid phase2dh, before to introduce cement in the case
of the conductimetric measurements, or before towith the dry mortar in the case of water
retention characterization.

To obtain the effect of the predissolution, authcedculated as followed an increase
percentage of the water retention value WR andefportlandite precipitation timey (in
gray on the graphs):

WR(with pradizz) - WR(without pradizz)

— - ® 100
WR(with prediss)

Increase of WR percentage (%) =

togp lwith prediss) — tpg(without prediss)

Increase of tqy percentage (%) = % 100

tog (with prediss)

EXPERIMENTAL RESULTS AND DISCUSSION
Impact of HPG on water retention in fresh mortar
Erreur ! Source du renvoi introuvable. shows the water retention capacity of the studied
mortars with an amount of polymer of 0.3% (9.99Y,laccording to the adjuvant used and
depending on the standard method (ASTM or DIN).
The results obtained by both methods are not ida&nkut similar: HPG exhibit very high
WR for this formulation (>90%), as announced bynRI§]. The increase, compared to the
control, is considerable. In addition, the resalts quite comparable to those obtained with
HPMC.
Moreover, with this formulation, mortars containiftPG 2 to 6 and HPMC 2 could be
considered as high WR capacity according to the @6l1. Mortars containing HPG 1 and

HPMC 1 are in the intermediate category.
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Nevertheless, water retention values are so highttle comparison is difficult. Therefore,
authors decreased the polymer concentrafiore(ir ! Source du renvoi introuvable.).

Clearly, the water retention capacity of the modapends on the amount of admixture.
Moreover, three groups stand out.

HPG 5 and 6 present the best results, which isfaignt at 0.1% (3.33 g:). At 0.2% (6.66
g.L™"), the water retention capacity is almost maximstmofig WR category). HPG 2, 3 and
4 also allow good water retention to the mortarO#% (intermediate WR category).
Nevertheless, for an amount as low as 0.1%, theease is quite small compared to the
control. Finally, only the mortar with HPG 1 islow WR category at 0.2%.

It is important to note that the results are sigaiftly different according to the considered
HPG, although all these molecules belong to theesiamily, and the molecular weights are

approximately the same.

Impact of HPG on hydration kinetics of cement in diuted suspension

Erreur ! Source du renvoi introuvable. presents the conductimetric curves of admixtured-
cement in almost saturated lime solution (20 mMy), fatios L/S = 20 and P/C = 2%.
Polymers studied are the six HPG and two cellukibers to get an idea of the comparative
behavior of HPG versus two molecules that are eergmonly used.

This graph highlights the significant impact of skemolecules on the kinetics of hydration.
Moreover, by focusing on the portlandite precipaattime (conductivity drop), it appears a
wide range of delays induced by the admixtures sthddPG 5 and 6 exhibit superposed
curves and the weaker delay (increase of aroun# 70 the portlandite precipitation time
compared to the control) while the most importataylés observed for HPG @30 %).

It also appears that delays are between thosenebt&or the cellulose ethers studied.
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No period of low activity before the increase oé tbonductivity is observed as for some
others polysaccharides (some cellulose ethers ¢i5lextrines [14]) or others admixtures
(setting retarding admixtures as sodium gluconatsome superplastifiants [17]). Here, a
decrease of the slope is observed. Thus, thesenpadymay not influence the germination of

the first hydrates, but their growth.

The influence of the volume of lime solution isditd by varying the liquid to solid ratio, the
polymer to cement ratio being constant (2%) forhebl®®G Erreur! Source du renvoi
introuvable.). It seems to influence the portlandite precipattone, and so the cement
kinetic hydration, for each polymer. However, tingact is the same for the neat cement.
On the contrary, the influence of the amount ofypwr, studied by varying the polymer to
cement ratio with a constant liquid to solid ratig®) for each HPGHrreur ! Source du
renvoi introuvable.), is considerable. Indeed, a small increase inameunt of polymer
leads to a huge increase in the delay of hydrafldnms would suggest that the mechanism
responsible for the delay is an adsorption of tbigrmper, native or degraded, on the cement

phases, hydrates or anhydrous.

Influence of predissolution on activity of HPG

Water retention: Dry mortars are mixed with watemihich the polymer was predissolved

for 24h at 3.33 g.t (Erreur! Source du renvoi introuvable)) and 6.66 g.L* (Erreur !
Source du renvoi introuvable), corresponding to 0.1 and 0.2% by weight of dryrtar,
respectively. There is a significant impact on t&ter retention of the obtained mortar,

compared to the mortar obtained by the classic esyecially for HPG 1.
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This impact is weaker for [P] = 6.66 g'LIndeed, values without predissolution are very
high. So, it is not possible to improve water rétancapacity with predissolution: a ceiling
effect is observed.

It is interesting to remark that HPG 1 at 6.66 gi& the worst water-retaining agent without
predissolution (low WR category) and becomes thiteb®ne with predissolution (strong

WR category).

Hydration delay: Predissolution has also an immactthe hydration kinetics because the

delay caused by the polymer is more important gftedissolution Erreur! Source du
renvoi introuvable.). This effect is very strong for HPG 1, with a lugncrease in
portlandite precipitation time of 77%, and weaker éther HPG: between 10 and 20% for
HPG 2, 3 and 6, and lower than 5% for HPG 4 and 5.

These results show that the polymer is more attiviielay the hydration of cement when it
is already in solution. Two hypotheses can be damed to explain these results. The
polymer could be degraded due to the high alkglioitthe medium. This degradation could
lead to the formation of carboxylates by peelingct®n, molecules known to have a strong
retarding effect [18]. The predissolution would mate this degradation, resulting in an
increase of the delay. The second hypothesis woeild slowdown in dissolution kinetics of
the polymer in the highly alkaline media or highiostrength media. In that case, without
predissolution, the polymer is not fully active delay the cement hydration because the
dissolution would be disturbed. On the contraryedmssolution leads to the complete

dissolution of the polymer and therefore a maxindetay.

10
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FURTHER RESEARCH
Work with pure cement phases will overcome the cexipl of the environment and
facilitate the identification of HPG interactionsthvcement. For example, adsorption of HPG
on these phases could be quantified.
Moreover, it is essential to identify the degradiatiproducts of HPG under alkaline
conditions. For this, a method developed at thertaiory will be performed [19], [20]. Thus,
it will be possible to test their impact on the arnhydration kinetics.
HPG dissolution kinetics should also be determiratording to the pH and the ionic
strength of the medium. This might help to knowhit phenomenon could be responsible of

the difference obtained with and without predissotut

SUMMARY AND CONCLUSIONS
The results of this experimental investigation bxhihe strong impact of the HPG on the
water retention capacity of portland cement-basedars. Indeed, it has been shown in this
study the huge increase of water retention withatifition of HPG. Moreover, the values are
similar to those obtained with cellulose ethersvéttheless, the impact of these molecules is
very dependant of the concentration, so that ammim rate is required to achieve high water
retention.
The conductimetric experiments show a variableugrice according to the HPG considered
on the kinetics of cement hydration. Delays obsdrae between those obtained with the
cellulose ethers tested. As a first approximatipseems that HPG influence the growth of
hydrates by adsorption on some cement phases, ahdheir germination. But this
conclusion should be handled with care and reqiumtiser researches.
Finally, it has been demonstrated that predissmiubf the polymer in the liquid phase

modifies its impact. Indeed, predissolution enhantiee water retention capacity but

11
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increases also the hydration delay induced by tipedgmers. However, the influence of

predissolution is different for each HPG studied.
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HPG 1 Low 1180 -
HPG 2 Medium 810 -
HPG 3 High 670 -
HPG 4 High 330 -
HPG 5 High 850 Shorter alkyl chain
HPG 6 High 660 Longer alkyl chain

* : apparent viscosity at shear rate = 5'10§10 g.L* solution of HPG
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Fig. 6—Influence of polymer concentration on water etention (A=ASTM ; B=DIN).
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Fig. 9-Influence of polymer quantity on portlandite precipitation time.

19



E

me

DIN measure

I

With Predissolution

B Without Predissolution

100

T
o
(o]

me

ASTM measure

Bl Without Predissolution
With Predissolution

(%) uonualey Jarem\ NLSY

HPG1 HPG2 HPG3 HPG4 HPG5 HPGG6

HPG1 HPG2 HPG3 HPG4 HPG5 HPGG6

3,33 9.l

Fig. 10—Influence of predissolution on water retenbn capacity with [P]

DIN measuremen

With Predissolution

Bl Without Predissolution

me

ASTM measure

With Predissolution

M Without Predissolution

(%) uonusiay JsreMm\ WLSY

6,66 g.L".

Fig. 11-Influence of predissolution on water retenbn capacity with [P]

20



2000

B Without Predissolution
1500 With Predissolution

Portlandite Precipitation Time (min)

Fig. 12-Influence of predissolution on portlandite jpecipitation time.

21



