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ABSTRACT.

Cellulose ethers are polymers frequently introdugsegd mortar formulations. This study
allows to assess the potential role of cellulodeerst degradation on the alteration of the
cement hydration kinetics. A retardation mechanis®ed on the calcium binding capacity of
chelates is often proposed to describe the effeictome polysaccharideg.§. sugars) on
cement hydration. The alkaline stability of celldoethers has been poorly studied and may
represent one way to understand the hydration débayced by such admixtures.
Identification and quantification of the hydroxyraxylic acids generated during alkaline
degradation were performed. The results indicatgé tellulose ethers are very stable in
alkaline media. We also show that the ability dfutese ethers to complex calcium ions is
negligible. Finally, degradation of cellulose ethend its impact on the cement hydration

kinetics does not seem to be significant.
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1. Introduction

Cellulose ethers are usually introduced into moftmulations in order to induce a
substantial increase of the water retention capadihey therefore prevent water from
draining out too quickly from the mortar to the strbte. In this way, more water is retained
in the fresh material, which favors cement hydratamd thereby increases the mechanical
strength of the hardened mortar. Hydration dedagn undesired and uncontrolled secondary
effect induced by some cellulose ethers. Thesespobharide admixtures retard the hydration
of cement through poorly understood mechanismg.[INdvertheless, it is generally accepted
that retardation occurs because of adsorption wixdres to surfaces of the hydrated and/or

anhydrous phases [5]. The adsorption may take plammugh a process where organic



molecules fix metallic ions by complexing or chaigt Concerning the action of sugars on
cement hydration, many authors explained that tbelaan play an important role on the

adsorption ability [6,7]. Moreover, strong evidesgeoved that complexation of sugars with
calcium is responsible for retardation [6,8]. SaVstudies also indicate that products formed
by the alkaline degradation of cellulose (suclnasosaccharinic acid) have a large effect on

the complexation of calcium [9-10].

Pourchezt al showed evidence of a very disparate delay orlgoalite precipitation induced
by cellulose ethers (from 10 minutes up to manyrpurhis retardation seems to depend
mainly on the molecule chemical structure and paldrly on the substitution degree [11].
Nowadays, few data are available concerning theagpof cellulose ethers chelation in
alkaline media and its potential influence on thimelics of cement hydration. As
polysaccharides are subject to alkaline degradatitth formation of hydroxy carboxylic
acids [12,13], which are well-known chelating amtiarding agents, the possible impact of
this degradation is of greatest importance in otddully understand the action of cellulose

ethers on cement hydration.

Thanks to results with sugars [8], we know thatré¢hare at least two properties worth
considering in this context: the alkaline stabibityd the calcium binding capacity. This study
aims at collecting basic data on these two progedd as to determine the potential role of
degradation during cement hydration. More preciséiys paper intends to evaluate the
calcium complexing ability of cellulose ethers, ittentify and quantify their degradation

products in model alkaline environment, and finatlydetermine the retardation capacity of

the different degradation products doubtless idiediti



2. Materials

2.1. Cement

The investigated cement was a 52.5 ordinary Pattieement (CE CP2 according to the
European standard NF EN 197-1). Its chemical aras@ltompositions are given in Table 1.
To determine the oxide composition as well as thasp composition according to Bogue
approximation, X-ray fluorescence spectroscopy KBrtAXS, SRS3400, Germany) was
conducted [14]. XRD analysis (Siemens, D 5000, Gayh also allowed to quantify the
phase composition of the given cement by means iefv®d method (Siroquant V2.5

software).

2.2. Cellulose ethers

Even if the most widespread cellulose ethers wused building materials are
hydroxyethylmethyl cellulose (HEMC) or hydroxypramethyl cellulose (HPMC),
hydroxyethyl cellulose (HEC) is also chosen becaafsés more simple chemical structure.
Three different HEC molecules (noted H1, Nland BT two HPMCs (named U2 and P1)
were selected. Beforehand, a precise charactenzatias performed (Table 2) by size
exclusion chromatography and near infra red spsctqmy analysis [11]. It allowed to
quantify the structure parameteirg, the weight-average molecular mass,jNhe content of
hydroxy ethyl substitution groups (% EOOH), the temt of hydroxy propyl substitution

groups (% POOH), and the content of methoxyl stiigin groups (% OCH).



3. Experimental procedures

3.1.  Calcium binding capacity of cellulose ethers

The protocol performed to investigate the calciumding ability was proposed by Thomas
and Birchall [8]. Sugars (50 mM) or cellulose eth€t g per liter of deionized water) were
stirred with excess calcium hydroxide (6 g perrlieé deionized water) for 48 hours. The
mixture was then filtered through a Quih membrane. The filtrate was diluted and acidified.
Afterwards, the C& concentrations of the filtrate were determineddmnjc chromatography.

This analysis was performed on a Dionex apparatagpposed of a GP 50 pump, a CS 12A
column and a CD 20 conductometric detector (theertuvas a solution of metasulfonic acid

at 20 mM with isocratic mode).

3.2. ldentification and quantification of degradatiproducts

Alkaline degradation of wood polysaccharides irftkoégack liquors was commonly studied in
order to improve the alkaline pulping processestha paper industry. Based on this
knowledge, Goviret al developed a procedure in order to show the aaifotine alkaline
degradation products of wood on cement hydratid). [\IVith specific modifications due to

particular properties of cellulose ethers, a sinpl®tocol was elaborated.

All protocol steps of the sample preparation dresitated in Figure 1. The first stage of the
sample preparation was the degradation of cellubtisers. This degradation occurred within
12 hours in a saturated lime media (0.5 g of ceflelether for 100 mL of lime water). The
saturated lime solution is a model alkaline mediactv can simulate the alkaline solution in
the cement pore. Preliminary results indicated thatconcentration of degradation products
should be very low. Consequently, a reconcentravas provided. An evaporation with a
rotary evaporator followed by a dilution of the dsglids with 2 mL of water, allowed to

obtain a 0.5 mL liquor samples. As cellulose etleesthickener agents, the solution turned



into a gel during evaporation. Consequently, soergrdugations were conducted during the
reconcentration to separate the non-degraded poljioe the degradation products. The
obtained liquor was then passed through a coluhed fivith a weakly acidic cation-exchange
resin (Amberlite IRC-50, Ni, 4 mL). The interest of this conversion into amimomsalts is

to avoid lactonization reaction and ring-closuredefyradation products. The ion-exchange
column was then washed with water to obtain ameffl volume of 50 mL. This effluent was
evaporated to dryness under reduced pressure.bitamed dry solid was vacuum-dried with
P,Os during 12 hours. Afterwards, an internal standafditol) was added to the dry solid.
Finally, 0.9 mL of pyridine and 0.1 mL of trifludogs(trimethylsilyl)acetamide (BSTFA)
containing 5% of chlorotrimethylsilane (TMCS) wexeéded to the residue. This reaction was
conducted under nitrogen environment and the mextuas stirred during 4 hours. This
trimethylsilylation allowed the non-volatile degedibn products to be more volatile for gas
chromatograph analysis. Identification and quasdifion were performed with a gas
chromatograph (Shimadzu GC-17A) equipped with asmgsectrometer (Shimadzu QP
5000). A volume of 1.51L was injected. The temperature of the detector thaedinjector

were set at 260°C. The column was apolar (UptiBorRfemium — 30 nx 0.32 mmx 0.25

pum — Interchim).

3.3. Hydration delay characterization

Conductometric measurement in lime solution appearsa powerful tool to monitor the
hydration kinetics [2,11,15,16]. The determinatioh hydration delay is based on the
portlandite precipitation time, represented by kattecal conductivity drop as a benchmark.
The experiments were performed in diluted wateelgaspension, thermostated at 25°C and
continuously subjected to magnetic stirring. Thiildl to solid (L/S) weight ratio used was

equal to 20 (100 mL of liquid and 5 g of solid).



To evaluate the impact of degradation products e kinetics of cement hydration,
conductometric measurements of a cement suspewstioisynthetic solutions of degradation
products were performed. A synthetic solution ofrdeation products corresponded to a
solution without the cellulose ether molecule, bantaining all the identified degradation
products (with a concentration corresponding to degradation of a cellulose ethers to

cement weight ratio of 2%).
4. Resultsand discussion

4.1.  Calcium binding capacity of cellulose ethers

The calcium complexing ability of cellulose ethgk$l, N1, N7, U2 and P1) and sugars
(glucose, sucrose, maltose, cellobiose, raffinagklactose) were conducted. The results are
featured in Figure 2. Two points are immediatelyiobs on this figure. All the cellulose
ethers investigated had a calcium concentratiosedoto the reference sample (calcium
hydroxide and deionized water). As a result, theievaf C&* ion concentration reached for
the cellulose ether samples (approximately 22 mdpnly due to the calcium hydroxide
solubility. On the contrary, all the sugars madeiaoan hydroxide soluble to some extent. The
excess of Cd ion concentration observed, by comparison withréference sample, showed
a great calcium binding capacity of sugars. Theselts were coherent according to the data
of Thomas and Birchall on the solubilization ofaaim hydroxide by sugars [8]. Therefore,
this protocol was perfectly adapted to investightecalcium binding ability of molecules. To
sum up, cellulose ethers induced a negligible cempbrmation with calcium ions, unlike

sugars.

Moreover, we noticed that the filtrate obtainedhnibe reducing sugar (glucose, lactose,
maltose and cellobiose) were always yellow, cogittarthe non-reducing sugars (sucrose and

raffinose) and cellulose ethers. This colorationsvea additional evidence of the great



alkaline degradation of reducing sugars, wheredsilage ethers seemed to be inert to
degradation in saturated lime solution. In orderirteestigate the presence of different
compounds generated during the alkaline degradadibriiltrates were examined by ultra-
violet spectroscopy. It was found that spectraadfutose ethers didn't show any peak in the
UV region. On the contrary, the sugars spectra shaaviarge peak between 250 and 300 nm.
This peak was principally detected for the reduangars. The presence of such a peak could
be the sign of either the formation of saccharetds, or the enolization of the reducing

sugars [8-10].

4.2. Results concerning HPMCs and HECs degradation

Five major degradation products were identifiede¢hhydroxy carboxylic acids (lactic acid,
glycolic acid and oxalic acid) and two alcoholseftiylene glycol and glycerol). The chemical
structure of these compounds are featured in Tablhe detection of hydroxy acids is not
amazing. Several authors showed that such hydroxlg avere commonly identified for the
alkaline degradation of cellulose, hemicellulosesl anonosaccharides [10,12,13,15]. The
detection of the alcohols is more surprising. Adaag to manufacturers’ data, the alcohols
are certainly synthesis by-products rather thanalmlé& degradation products. The
concentrations of all degradation products are \@ny lower than 1 mg per gram of HPMC
introduced (Figure 3). The concentrations of theérbyy acids were ten times higher than that

of the alcohols. Thus, we demonstrated that HPME€wery stable in alkaline media.

In agreement with the HPMCs degradation, the samgeadation products were detected for
HECs degradation except oxalic acid. The same ocsflenagnitude of concentration was
obvious. The concentrations of hydroxy acids arwbtadls were respectively lower than 2
mg.g* and 0.2 mg.g of HEC introduced (Figure 4). We could concludatthll cellulose

ethers investigated were stable in alkaline mediereover, these results let think that the

substitution degrees were the key parameter whidiegted molecules from alkaline



degradation. Indeed, the less the hydroxyethylerinthe more important the degradation.
These observations were coherent with the end-avidepeeling reactions which involved the

effects of specific linkages on alkaline degradati polysaccharides [13].

4.3. Influence of degradation products on cemedtdtjon

Even if the concentrations of degradation produetse very low, these molecules may have
a great impact on cement hydration. Conductometeasurements of a cement suspension
with synthetic solutions of degradation productsrevgerformed. For example, the
compositions of the synthetic solutions for HEC® alescribed in Table 4. The low
retardation induced by synthetic solutions of ddgcaHECs proved that the degradation
products had a minor impact on the kinetics of agnhgdration. The results are presented in
Figure 5. The retardation on the portlandite priégiipn due to the degradation products was
always lower than 15 min. This is really negligilmecomparison with the delay induced by
the cellulose ether H1 (approximately 10 hoursk fdtardation caused by synthetic solutions
of HPMCs (not described in this paper) had the sander of magnitude that the synthetic
solutions of HECs. These experiments allowed terd@nhe the real influence of degradation
products on the hydration delay induced by celela@thers: there was no significant
degradation of the cellulose ethers, and thereftreimpact on cement hydration was

negligible.

5. Conclusions

Through this study, the stability of cellulose ethén alkaline media was demonstrated.
Negligible calcium binding capacity of cellulosehets was observed. Afterwards, the
alkaline degradation of the selected cellulose retlsbowed that the major hydroxy acids

detected were lactic acid and glycolic acid. Thegrddation products had always a



concentration lower than 2 mg ®f cellulose ether introduced. The very low infiee of

these degradation products on the kinetics of cemgdration was also proved.

It is well-known that the retarding action of sugan cement hydration was due to the
remarkable ability of the degradation products @onfiore effective retarders than the sugars
themselves. We verified that the hydrolysis of saga strong alkali media gives rise to
compounds with a high calcium binding capacity. ldger, the mechanism of the hydration
delay induced by HECs and HPMCs cannot be explaihadks to the impact of hydroxy
carboxylic acids generated during their alkalingreddation. Therefore, new assumptions
shall be proposed and examined to understand velpgteims when various cellulose ethers are

added to Portland cement.

6. Acknowledgements

The authors would like to acknowledge the finansapport of the International CEReM
network (consortium for study and research on mertahttp://cerem.cstb.fr), and many

helpful conversations with industrial and acadepatners.

10



References

[1] A. PESCHARD, A. GOVIN, P. GROSSEAU, B. GUILHOR. GUYONNET, Effect of
polysaccharides on the hydration of cement pastaidy ages, Cem. Concr. Res. 34 (2004)

2153-2158.

[2] A. PESCHARD, A. GOVIN, J. POURCHEZ, E. FREDON, BERTRAND, S.
MAXIMILLIEN and B. GUILHOT, Effect of polysaccharides on the hydration of cetmen

suspension, Journal of the European Ceramic So@6t(2006) 1439-1445.

[3] G. BRUERE, Set-retarding effects of sugars antRnd cement pastes, Nature 212 (1966)

502-503.

[4] K. LUKE, G. LUKE, Effect of sucrose on retardat of Portland cement, Advances in

cement research 12 (2000) 9-18.

[5] C. JOLICOEUR and M.A. SIMARD, Chemical admixédcement interactions:

phenomenology and physico-chemical concepts , Ce@mmcrete Comp. 20 (1998) 87-101.

[6] J.H.TAPLIN, Discussion of the paper by H.E. VAN “Some chemical additions and
admixtures in cement paste and concrete”, Procgegfithe 4' international symposium on

the chemistry of cement, Washington VII-1 (19629326.

[7] M.E. TADROS, J. SKALNY, R.S. KALYONCU, Early Hdration of tricalcium silicate, J.

Am. Ceram. Soc. 59 (1976) 344-347.

11



[8] N.L. THOMAS, J.D BIRCHALL, The retarding actioof sugars on cement hydration,

Cem. Concr. Res. 13 (1983) 830-842.

[9] K. VERCAMMEN, M.A. GLAUS, L.R. VAN LOON, Complgation of calcium byo-

iIsosaccharinic acid under alkaline conditions, ACheemica Scandinavia. 53 (1999) 341-246.

[10] M.A. GLAUS, L.R. VAN LOON, S. ACHATZ, A. CHODRA, K. FISCHER,
Degradation of cellulosic materials under alkalboaditions of a cementitious repository for
low and intermediate level radioactive waste Patténtification of degradation products,

Analytica Chemica Acta. 398 (1999) 111-122.

[11] J. POURCHEZ, A. PESCHARD, P. GROSSEAU, B. GHQT, R. GUYONNET, F.
VALLEE, HPMC and HEMC influence on cement hydrati@em. Concr. Res36 (2006)

288-294.

[12] R.L. WHISTLER and J.N. BEMILLER, Alkaline deggation of polysaccharides. Adv.

Carbohydr. Chem. Biocheri3 (1958), 289-329

[13] C.J. KNILL and J.F. KENNEDY, Degradation oflicdose under alkaline conditions.

Carbohydr. Polym., 51 3 (2003), 281-300

[14] H.F.W. TAYLOR, Cement chemistry. Telford: Ne¥ork, 1997, 60-63.

[15] A. GOVIN, A. PESCHARD, E. FREDON, R. GUYONNETNew insights into wood

and cement interaction, Holzforschung 59 (2005)-33b.

12



[16] A. NONAT, J.C. MUTIN, X. LECOCQ, S.P. JIANG, higsico-chemical parameters
determining hydration and particle interactionsiniyirthe setting of silicate cements, Solid

State lonics 101-103 (1997) p 923-930.

13



Table 1

Chemical composition (% wt)

Phase composition (% wt)

XRF analysis and XRD analysis and

Oxides XRF analysis Phases Bogue approximation Rietveld quantification
CaO 67.11% (85 67.5% 69.4%
Sio, 21.18% GS 9.8% 9.3%
AlL,O, 4.29% GA 8.3% 8.3%
SG; 4.65% GAF 5.5% 3.1%
Fe,0s 1.82% Gypsum 4.65% 3.6%
MgO 0.5% CaC@ - 4.9%
TiO, 0.21% Anhydrite - 1.2%
POy 0.23% Quartz - 0.2%
Na,O 0.19%

K,O 0.11%
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Table 1 Chemical and phase composition of the iigeted cement.
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Table 2

Admixtures M, (daltons) % EOOH % POOH % OCH
HPMC U2 955 000 - 10.65 27.5
HPMC P1 175 000 - 19 27.5

HEC H1 175 000 48.5 - -
HEC N1 175 000 56 - -
HEC N7 1 335 000 56 - -
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Table 2 Cellulose ether structure parameters.
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Figure 1

Stirring during 30 mL of 0.5 mL of I
12 hours solution liquor Xylitel + 0.9 mL of

S e Vo BV T~ i

g &

Admixtures and  vgeyum ; : Stirring
saturated lime ¢ i h
! : T:TT:: Evaporation + ﬂ Evaporation +
dissolution with NH,* ion vacuum drying
E mL nf water gm:hnrge mlm“n “ifh Fgag

i 1

) 7\

Centrifugation Centrifugation

18



Figure 1 Samples preparation for the analysis @téggradation products.
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Figure 2
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Figure 2 Calcium binding capacity of cellulose eth&nd sugars.
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Table 3

Major degradation

products detected Formula

HO 8]

Lactic acid H
OH

0]

Glycolic acid /—<
HO OH

HO 0

Oxalic acid >—4

Diethylene glycol

HO
Glycerol

OH

OH
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Table 3 Major degradation products detected.

J. Pourchez"— A. Govint— P. Grosseali— R. Guyonnét— B. Guilhot— B. Ruof

23



Figure 3
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Figure 3 Quantification of HPMCs degradation prdaduc
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Figure 4
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Figure 4 Quantification of HECs degradation product
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Table 4

Degradation products

Synthetic solution of  Synthetic solution of

Synthetic solution of
N7 degraded

Lactic acid (mg.[*)
Glycolic acid (mg.[%)
Diethylen Glycol (mg.L})

Glycerol (mg.L%)

H1 degraded N1 degraded
1.76 0.22
7.12 1.65
0.27 0.03
0.24 0.04

0.29

0.76

0.12

0.056
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Table 4 Composition of the synthetic solutions &C$ degraded.
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Portlandite precipitation time (minutes)
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Figure 5 Hydration delay on CH precipitation inddid®y HEC and synthetic solution of HEC

degraded
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