N
N

N

HAL

open science

Adsorption de polyélectrolytes en relation avec la
rhéologie d’une suspension de carbonate de calcium

Georges Bossis, Romain Morini, Pascal Boustingorry, Jacques Persello, Olga
Volkova

» To cite this version:

Georges Bossis, Romain Morini, Pascal Boustingorry, Jacques Persello, Olga Volkova. Adsorption de
polyélectrolytes en relation avec la rhéologie d’une suspension de carbonate de calcium. CFM 2013 -

21eme Congres Frangais de Mécanique, Aug 2013, Bordeaux, France. hal-03440486

HAL Id: hal-03440486
https://hal.science/hal-03440486

Submitted on 22 Nov 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03440486
https://hal.archives-ouvertes.fr

21 Congrés Francais de Mécanique Bordea 26 au 30 ao(t 2013

Adsor ption of polyelectrolytes and rheology of suspensions of
calcium carbonate
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a.Laboratoire de Physique de la matiere condens@C), Université de Nice-Sophia Antipolis
Parc Valrose, 06108 NICE
b. Chryso, 7 rue de I'Europe - Z.1., 45300 SERMASRJ LOIRET LOS ANGELES

Abstract :

This study focuses on the superplasticizers wHlolwdo increase the concentration of the partidjesment)

of a concrete while maintaining good handling. Buperplasticizerss analyzed here are polyelectimlyt
polymethacrylates grafted with side polyethylengexihains (PEO) of different lengths. We presestudy

of these molecules in solution, including the ieflce of OHions on the PEO chains. We analyse the effect
of the superplasticizers on the rheology of suspessof CaCO3 particles of micron and nanometee siz
ranges..

keywor ds : Suspension rheology, plasticizer, adsor ption isotherm

1 Introduction

The use of fluidizer molecules is a key factordweér the viscosity of concentrated suspensionsinéral
particles like cement or concrete and consefuent improve their workability, principally in
construction industry. In this paper we shall foonghe understanding of the effect of some pobtedéytes

on the rheology of suspensions of calcium carbofdis mineral was chosen as a model of more comple
materials like cement. Polyelectrolytes are polymiich become ionized in the presence of water and
adsorb on the surface of mineral particles by medredectrostatic interactions between oppositagim
This polymer coating reduces the attractive follmetsveen the particles and consequently their agoega
which results in a strong reduction of the visgosit the suspension. In this study we shall cotecthe
effect of these molecules on the rheology with ¢hain length, their affinity with water and alsothwihe
morphology of the calcium carbonate particles.

2 Experiments

2.1 Materials

We have used two kinds of calcium carbonate pagitiaving quite different sizes and morphology..The
first one was synthesized in our laboratory from thaction between carbon dioxyde and very puare |
CaO; their shape is more cubic than spherical bag are quite monodisperse with an average diaréter
100nm (FIG.1la). The second one was obtained fronlingni of a natural mineral (supplier
Omnya,commercial name BL200) the particles aredisperse with irregular shape(FIG.1b) and an awerag
diameter of fim measured by light scattering (Mastersizer Malkefime density of the particles is 2525
kg/m?. and the measurement of their specific surface BT gave respectively 0,88 m2/g for the BL200
and 21,2 m?/g.for the synthesis The superplastiGerrently called PCP, is a comb like polymer(F&}.
based on a polymethacrylate backbone ansd sidascha@de of polyethylene oxide(PEO). The molecules
we have studied have a molar mass between 1500@%0@D g/mol. A segment of the PCP molecule is
defined by four carboxylic and one PEO side chaougs. This PEO side chains contains p units ;pith

17, 25, 45 and 114 and the respective moleculédwitalled PCP17,PCP25 etc...
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(b)

FIG. 1 — MEB picture : (a) Laboratory synthesisteagtes of small monodisperse particles: d ~100(b)n,
BL200 :strong polydispersity <d> =5 pm
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FIG. 2 : Schematic representation of PCP

.We shall mainly study the PCP45 with a graft&®DRchain of molar mass 2000 g/mol. and ten of these
chains, the total molar mass being 25000g/mol. e parts of the molecule have a different role.The
backbone part will adsorb on the surface of theiglarthanks to the electrostatic attraction betwéee
groups COOof the molecule and the calcium on the surfacthefparticles; the side chain will extend in
water and it is the entropy of these side chainghvigenerate a repulsive force between two pasticle
approaching each other at a distance smaller thanimes their gyration radius [6].

2.2 Adsorption isotherm of PCP on calcium carbonate

The energy of adsorption of the polymer as welltasurface fraction will determine its efficieneg a
fluidizer[2, 3, 4]. The adsorption isotherms that shall present are obtained from the measurenfighteo
total organic carbon (TOC) remaining in the supatant after the adsorption on the particles. Titél
solution of polymer is mixed with the particles endagitation on a vibrating table during 12h before
analysis. The part of the molecules which is adstiin the surface is given in number of segmentspe
and the one remaining in the supernatant in gramlifgg of solution. It is shown in FIG.(3) for the
adsorption of PCP45 on the two types of partickesented in FIG. 1. These isotherms were reabted
pH= 9,3 (imposed by the calcium carbonate). It app¢hat the adsorption plateau are very clossath
other and equal to 0,13 + 0,01 segment petr ratthough the morphology of the two types of johes was
very different. Taking into account the gyrationlites of the PCP45 measured by light scatteringa&eer
from Malvern) this density corresponds to a surfiaaetion of 0.95 , so to a dense monolayer ofpilgmer
on the surface of the particles. It is also worthting that ,for a same surface fraction of polyniter
concentration in the solution is much higher fag tranoparticles , meaning a smaller adsorptionggrier
the nanoparticles than for the microparticles.
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FIG. 3 : Adsorption isotherm of PCP45 on micrométgper curve) and nanometer (lower curve) pasicl

2.3 . Rheology of suspensions of calcium carbonate adjuvanted by PCP

In this part we aim to study the parameters whigh change the efficiency of the superplasticizeh wi
respect to the decrease of the effective viscasfitthe suspension. We shall mainly use the micromet
particles because with these particles it is eaggach high volume fractions with= Vcacod Vit €qual or
larger than 0.6. This is not the case with nanagpest where volume fractions higher than 0.42 cha't
reached even in the presence of PCP moleculegpthparison micro-nano will still remain meaningfatl
this lower volume fraction.

2.3.1 Rheology versus adsor ption

In FIG. 4 is presented ,on the left, the rheolabaurves for different concentrations of PCP4Weght of

polymer relatively to the weight of particles andtbe right the adsorption isotherm. Since, on dbgcissa
axis, it is the mass of polymer remaining in theesnatant which is reported and not the mase it
polymer with respect to the particles, this lasamfity is reported on the isotherm curve in oradesée the
correspondence with the different rheological carve
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FIG. 4 : Correlation between adsorption isotherhpaymer on CaCO3 (right) and stress versus stagar
curves (left) on a suspension of microparticles ;

We first observe a very strong decrease of thergtesss between ¢ = 0,025%wg {o500nt~ 12 Pa.s) and ¢ =
0,05%wt Qo.050mt ~ 0,3 Pa.s) which well corresponds to a strongesse of the adsorption with a surface
fraction of polymer increasing from 35% to 71%.irtlicates that it is the steric repulsion betwe&OP
chains which play the major role since electrostagpulsion would vary in a more progressive wathilie
surface fraction of polymer. Actually this prepenahce of entropic repulsion for polycarboxylatédizers
was also found in previous work [2]. On the othandh between 0,1% and 0,2% of polymer there is no
improvment of the rheology which is well correlateith the fact thet the surface of the particlealigady
totally covered by the polymer (FIG.4b). Now, srtbe repulsive force between particles come friveics
interactions between the PEO chains ,we expectinbegasing the length of these chains will incectise

3
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fluidizing effect.

2.3.2 Influence of the length of the PEO chain on the rheology

Four molecules with different lengths of the PEQinhwere used, namely: 17, 25, 45 and 114 groups pe
chain. For each molecule we used a weigth fracetatively to the mass of CaGQvhich is slightly above
the one corresponding to the adsorption plateauQd %wt).
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FIG. 5 : Influence of the length of the PEO chairtloe rheology

The stress versus shear rate curves for thesarfolecules are plotted in FIG. 5 .1t is clear timareasing
the length of the side chains decrease the visgdzit the change appears mainly between 25 amplotips
and even a large increase from 45 to 114 groups lititke effect on the rheology. These results destrate
that the length of the chain has an important effec only in a restricted range and that abovgrbips the
improvment is very low. This observation can belaxd with the help of the scaling law for the afyon
radius: B ~ bN'. The exponent can vary from 3/5 for a good solvent to 1/2 fd solvent., and to lower
values for a poor solvent. If we compare the ggratadius for the PCP114 in a good solvent tatieing
solvent it drops from 8.75 to 5.45nm that is to sge to the one of the PCP45 which is 5.0nns likely
that the increase of the number of oxyethylene ggaontributes to decrease the affinity of the chai the
solvent hence, the saturation effect with the leraftthe chain. This affinity for the solvent calsabe
modified by the ions which are present in the suilike OH and CGQ*[1]. In the following section we
shall show, with the help of turbidity measuremettiat actually, increasing the pH leads to aipi&tion
of the polyelectrolyte.

2.3.3 Influence of the affinity polymer / solvent on therheology

The collapse of the PEO chain leads to a phasaragon and to the formation of large agregates of
molecules which scatter the light and strongly éase the turbidity. We have measured the turbifits
solution of PCP45 in pure water versus the pH. flingidity is obtained from a phototrode (Malverwhich
measures the intensity, |, of the transmittedt|igirough the well known relation:

T =-In(2)

where c is the weigth concentration of the polyed |; the transmitted intensity of pure water. The pH
was changed with a solution of NaOH 1M; the resalessshown in Fig.6 for two weigth fractions of RIGP
We have plotted the turbidity versus the ratio [OHDE] and we see that, for the two concentratiohs
polymer, the turbidity presents an abrupt incrdasea ratio [OH] / [OE] ~ 0,06 .It is noticeableaththis
polymer is quite sensitive to the pH and in susfes of calcium carbonate ,where a pH of 9 is issgloby
the dissolution of calcium carbonate in the presesfdCQ , we are close to this transition. Furthermoee th
ions CQ7in the suspension also contribute to the precipitabf the PEO chains[1], so it is likely that the
increase of the length of the chains, which is kmawvdecrease its affinity with the solvent, wi#¢ bnough

to provoke its precipitation.
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FIG. 6: Turbidity of a solution of PCP45 at 2% at¥dwt versus the ratio [OH]/[OE]

As the affinity of the PEO chain for the water dege strongly on the pH, it is interesting to sew fitowill
interfer with the fluidizing effect of these molées. In Fig.7 are presented the stress versus saea
curves for different pH between 8 and 12. for auwaé fraction®=0.55 of calcium carbonate and a
concentration of 0.3% of PCP45. There is almost mdluence of the pH at shear rates below 3Mst a
clear increase of viscosity at higher shear ratits @& transition taking place between pH=8 and pH=1
which is quite well correlated with the turbidityrwe. So, here too, we have a correlation betwhen
affinity for the solvent and the rheology, with actdease of the efficiency of the fluidizer whenatnity

for the solvent decreases. Nevertheless at lowr dlates ,where the hydrodynamic forces, proportiona

tonyd? ,are still small, the extension of the polymer kayethe solvent remains high enough to preveet th
agregation.
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FIG. 7: Stress versus shear rate for differentrppresence of PCP4&( = 0,55 et c = 0,3%wt)

After an analysis of how the different charact@&ssof the PCP molecule (adsorption energy , siféity
for the solvent) are related to the rheology, walyse in the next section the effect of the sizehef
particles for a same molecule: the PCP45.

2.3.4 Influence of particle size on therheology with the same plasticizer

The micrometric particles can easily be densifeagn abovep,=0.6 in the presence of the plasticizer , but
it is not possible to reach such high volume frattivith the nanoparticles because the yield stragss as
the invert of the diameter of the particles [5]e(thumber of contacts between two planes of pastise
proportional to 1/8whereas the Van der Waals force is proportion#éar diameter). Also the shear forces ,

which increase a§d®are less efficient to desagregate small particléee maximum volume fraction
obtained by centrifugation at 20000 rpm wias0.42..

5
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FIG. 8 : Stress versus shear rate for a suspens$imanoparticles (Fig 1b) in presence of PCP45,8%iwt

We actually see in Fig.8 an important yield stregsn in the presence of a high concentration dtigiaer.
This curve should be compared to the one in Fighére, even in the presence of a much higher volume
fraction @,=0.55), there is no measurable yield stress. Tagtiplviscosity is also larger : about 0.25Pa.s for
the nanoparticles against 0.1Pa.s for the mictimpes. It is likely that, besides the particlessigffect the
difference in the energy of adsorption which is mamaller for the nanoparticles (cf Fig.3) alsoypla réle

for decreasing the efficiency of the PCP on theoparticles.

3 Conclusion

This study has shown, that ,even on a simple syfitancalcium carbonate, several parameters must be
taken into account to characterize the efficientyhe PCP plasticizer. With a careful correlaticatvizeen

the adsorption isotherm and the rheology, we haes shat the formation of a monolayer of PCP was a
necessary and sufficient condition to obtain theiimam reduction of viscosity. The increase of thedth

of the PEO chain is an important factor to redinseagregation between particles, neverthelessaeadse
from 45 to 114 OE groups had no effect on the dgpglwhich is attributed to a decrease of the #ffiof

the longer chain with the solvant.The importancéhef affinity with the solvant is also decreasecewlithe

pH is rised ; this is shown by turbidity measuretngith a precipitation of the PCP45 arising at a @bke

to 9.5 which is well correlated with an importantiease of the suspension's viscosity between <8
pH=10. On suspensions of microparticles, the ysthess is suppressed by the superplasticizer atven
volume fraction as high as 0.6 whereas it remaimzortant, even at much lower volume fraction fog th
nanoparticle suspension; the réle of the differesfcadsorption energy of PCP on these two systeithbev
addressed in a future work.
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