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CONTAINING CELLULOSE ETHERS
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In lucrare sunt studiate efectele unor eteri de
celuloza comerciali de tip MHEC asupra unor proprietati
fizico-mecanice (consistentd, timp de prizd si rezistente
mecanice) ale unor mortare pe baza de ciment portland
(CEM I 42,5 R), filer de calcar si nisip cuartos. S-a observat
ca eterii de celuloza determina cresterea timpului de priza si
a cantitatii de apa necesara obtinerii unei consistente
standard si scad mult rezistentele mecanice. Intensitatea
acestor efecte depinde de gradul de substitutie al eterilor de
celuloza, de proportia in care sunt addugati si mai putin de
vascozitatea declarata de producator.
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The effects of some commercial cellulose ethers
type MHEC on some physico-mechanical properties
(consistency, setting time and mechanical strength) of
some mortars based on portland cement (CEM | 42.5 R),
limestone filler and quartz sand were studied. It was
observed that cellulose ethers increase setting time and the
amount of water needed to achieve standard consistency
while mechanical strength significant decreases. The
intensity of these effects depends on the substitution
degree of cellulose ethers and on the proportion in which
they are added in mortars and less on the viscosity

/
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1. Introducere

Eterii de celuloza (CE) sunt aditivi frecvent
folositi Tn majoritatea mortarelor uscate cu scopul
de a le imbunatati proprietatile. Rolul principal al CE
este de a retine apa in mortar pentru a evita
pierderea prea rapida a acesteia datorita absorbtiei
suportului $i evaporarii, ceea ce ar duce la alterarea
proprietatilor mortarului. Eterii de celuloza retin apa
in masa mortarului, cresc vascozitatea pastei,
imbunatatesc lucrabilitatea, alunecarea, timpul
deschis, aderenta la substrat si asigura obtinerea
unor lucrari de calitate.

Eterii de celulozd se obtin prin eterificarea
celulozei. Celuloza are formula generala (CgH10Os),
in care n ia valori cuprinse intre 700-3000. Fiecare
unitate de anhidroglucoza din structura celulozei
are trei grupari hidroxil care pot fi eterificate cu
ajutorul agentilor de eterificare, precum clorura de
metil, oxidul de etilena si oxidul de propilena,
obtinandu-se astfel eterii de celuloza (CE). Ei sunt
caracterizati de gradul de substitutie (DS) si
substitutia moleculara (MS). DS reprezinta numarul
mediu de grupari hidroxil substituite pe unitatea de
anhidroglucoza, iar MS reprezintd numarul mediu
de molecule de agent de eterificare (oxid de etilena,
oxid de propilena, etc.) care reactioneaza cu fiecare
unitate de anhidroglucoza. Gradul de substitutie
poate lua valoarea maxima 3 pe cand pentru MS,
teoretic, nu este limita superioara [1].
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1. Introduction

Cellulose ethers (CE) are additives usually
used in almost all dry mortars in order to improve
their properties. The main role of CE is to retain
water in mortar mass in order to avoid losing it
because of support absorption or water
evaporation, which would lead to the deterioration
of dry mortar properties. Cellulose ethers retain
water into the mortar mass, increase the paste
viscosity and improve workability, sag resistance,
open time, adherence to the substrate and quality
works are obtained.

Cellulose ethers are obtained by cellulose
etherification. Cellulose has the general formula
(CgH100s), where n has values between 700-3000.
Each anhydroglucose unit of cellulose structure has
three hydroxyl groups which can be etherified by
etherifying agents, such as methyl chloride, ethylene
oxide and propylene oxide. In this way cellulose
ethers (CE) are obtained. They are characterized by
the degree of substitution (DS) and molecular
substitution (MS). DS represents the average number
of hydroxyl groups substituted per anhydroglucose
unit and MS is the average number of molecules of
etherifying agent (ethylene oxide, propylene oxide,
etc.) which reacts with every anhydroglucose unit.
The maximum value for DS is 3 while MS has
theoretically no upper limit [1].

One of the most important side effects




C.Ciobanu, S. lluc, I. Lazdu, C. Pacurariu / Unele proprietéti fizico-mecanice ale mortarelor uscate aditivate cu eteri de celuloza 31

Unul dintre efectele secundare cele mai
importante, induse de eterii de celuloza 1l
reprezinta  intarzierea hidratarii cimentului.
Determinarea rezistentelor mecanice pe epruvete
prismatice (40x40x160 mm), in absenta unui
substrat absorbant, evidentiazd o diminuare
semnificativa a rezistentelor mortarelor cu CE
comparativ cu cele ale mortarelor fara CE.

Utilizarea pe scara larga a eterilor de
celuloza la obtinerea mortarelor uscate are la baza
un compromis intre efectele pozitive care asigura o
punere in opera usoara i obtinerea unor lucrari de
calitate [2] si efectul negativ asupra rezistentelor
mecanice. Se porneste de la realitatea care nu
impune rezistente mecanice ridicate pentru lucrarile
realizate cu aceste mortare. Insasi clasificarea
mortarelor uscate in functie de rezistenta la
compresiune (SR EN 998-1 [3]), reflecta aceasta
realitate si anume:

- Clasa CS | de la 0,4 pana la 2,5 N/mm?;
- Clasa CS Il de la 1,5 pana la 5,0 N/mm?;
- Clasa CS Ill de la 3,5 pané la 7,5 N/mm?;
- ClasaCS IV 26 N/mmZ.

Diverse studii [4-14] au incercat sa explice
modul de actiune al eterilor de celuloza asupra
hidratarii cimentului utilizadnd aditivi cu o compozitie
cunoscuta. In practica, eterii cei mai des intalniti
sunt hidroxietilmetil celuloza (HEMC),
hidroxipropilmetil celuloza (HPMC) si hidroxietil
celuloza (HEC). In prezent sunt o multime de eteri
de celuloza comerciali care pot fi utilizati la
fabricarea mortarelor uscate; nu exista insa o
tratare sistematica a influentei acestora asupra
tuturor proprietatilor mortarelor obtinute, in stransa
corelatie cu structura si compozitia eterilor folositi.
CE comerciali contin de obicei si alti aditivi care se
folosesc cu scopul de a imbunatati proprietatile, a
reduce efectele nedorite sau pentru a da proprietati
suplimentare eterilor de celuloza.

Scopul acestei lucrari este de a furniza unele
informatii cu aplicabilitate practica privind efectele
unor eteri de celuloza comerciali (notati: A, B, C, D)
asupra unor proprietati in stare proaspata si intarita
a mortarelor i discutarea datelor obtinute
comparativ cu cele din literatura.

2. Determinari experimentale

Pentru efectuarea determinarilor
experimentale s-au folosit urmatoarele materiale:

< Ciment portland CEM | 42,5 R. in tabelul 1 sunt

prezentate proprietatile acestui ciment asa cum

sunt date de producator in fisa tehnica.

Nisip cuartos 0,1-0,4 mm.

Filer calcar (< 90 pm).

4 eteri de celuloza comerciali de tip

metilhidroxietil celuloza (MHEC) simbolizati A

25000, B 25000, C 45000, D 70000 ale caror

proprietati sunt specificate in tabelul 2.
Compozitile mortarelor cu care s-a lucrat

sunt prezentate in tabelul 3.
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induced by cellulose ethers is the retardation of the
cement hydration. Determination of mechanical
strength on prismatic specimens (40x40x160 mm),
in the absence of an absorbent substrate,
highlights the significant decrease in mechanical
strength of mortars with CE compared with those
of the mortars without CE.

Widespread use of cellulose ethers to obtain
dry mortars is based on a compromise between
positive effects which provide good workability of
mortars and obtaining quality works [2] and the
negative effect on mechanical strength. The reality
shows that those mortars do not need high
mechanical strength. This fact is sustained by the
european standard 998-1 [3] which classifies
rendering and plastering mortars according to
compressive strength in the following classes:

- Class CS | from 0.4 to 2.5 N/mm?;
- Class CS Il from 1.5 to 5.0 N/mm>;
- Class CS Il from 3.5 to 7.5 N/mm?;
- Class CS IV 2 6 N/mmZ.

Some studies [4-14] tried to explain the
mode of action of cellulose ethers on cement
hydration using additives with a well known
composition. The most commonly used cellulose
ethers in building industry are hydroxyethylmethyl
cellulose (HEMC), hydroxypropylmethyl cellulose
(HPMC) and hydroxyethyl cellulose (HEC).
Currently, a lot of commercial cellulose ethers can
be used in the production of dry mortars, but there
is not a systematic approach of CE influence on all
properties of mortars in close correlation with the
structure and composition of CE used. These
commercial CE are usually blended with other
additives which are used in order to improve
desired properties, to reduce undesirable
properties or to add new properties to the CE.

The aim of this paper is to provide some
practical informations regarding the effects of some
commercial cellulose ethers (A, B, C, D) on some
properties of fresh and hardened mortars and
discussing the obtained results with those from
literature.

2. Experimental

The materials used in this study for
experimental determinations were:
% Portland cement type | - CEM | 42.5 R. Its
properties, presented in table 1, are taken from
product technical sheet.
Quartz sand 0.1-0.4 mm.
Limestone filler (< 90 ym).
Four types of methylhydroxyethyl cellulose
(MHEC) symbolized A 25000, B 25000, C
45000 and D 70000 whose properties are
specified in table 2.

Studied mortars compositions are given in
table 3. For the fresh mortar preparation, raw
materials were weighed, homogenized in dry state
and then mixed for 90 s with water in a mixer bowl
(SR EN 196-1 [15]).

2
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Tabelul 1
Proprietatile cimentului portland / Properties of the Portland cement
Compozitia cimentului / Cement composition (%) Rezistenta la compresiune / Compressive strength
Clincher portland / Clinker Portland...................c.cccooiiiiiin.. 96 (Nlmmz)
Filer calcar / Limestone filler..............coooiiiii 4 2 zile (termene scurte) / days (early term)................. 28
Regulator timp de priza: ghips / Setting time regulator: gypsum. ... 4 | 28 zile (termene lungi) / days (late term)................ 52.4
Caracteristici fizice / Physical characteristics:
Suprafata specifica / Specific surface (Blaine), cm?/g........................ 3700
Densitate ciment / Cement density (Q/CM>)............ccocuieiveeeieieeeeiin, 3.0
Consistenta standard / Standard consistence (%)..............cc.cc.cooou.l 26.2
Timp de inceput de priza / Initial setting time (MiN.).........cc..co.coovven. 145
Stabilitate / Soundness (MmM)..........cooiiiiiiii e, 0
Caldura de hidratare / Heat of hydration (jIg)........cccouoiuiiuiiiiainannnn.. 330
Caracteristici chimice / Chemical characteristics
CaO | SiO, SO; Al,0; Fe,0; MgO Na;O K.0 Na,Oeq cr PC/LOI IR
645 | 19.8 | 2.84 43 2.9 1.24 0.19 0.73 0.67 0.0111 3.02 0.33
Tabelul 2
Proprietatile eterilor de celuloza / Cellulose ethers properties
Eterul de celuloza Continut substanta activa Gradul de substitutie Vascozitate
Cellulose ether Active substance content Substitution degree Viscosity*
(%) (mPa s)
A 25000 93.0 minim/minimum Mare / High 22000-28000
B 25000 93.0 minim/minimum Mediu / Medium 22000-28000
C 45000 94.0 minim/minimum Scazut / Low 45000-52000
D 70000 93.0 minim/minimum Nemodificat / Unmodified 70000

* Determinaté cu reometrul Haake, solutie 2%, 20°C, viteza de rotatie 2,55 s”'/Determined with Haake rotational rheometer, 2% solution,

20°C, shear rate 2.55 s

Tabelul 3

Compozitiile mortarelor studiate / Studied mortars compositions
Componenti Compozitiile studiate / Studied compositions
Components (%) R1 |R2 |R3 |R4 |R5 |R6 | R7 | R8 | R9 | R10 R11 | R12 | R13
CEM142.5R 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 30 30 30 30
Filer calcar
Limestone filler (< 90 pm) 10 | 10 10 10 10 10 10 10 10 10 10 10 10
Nisip cuartos
Quartz sand 0.1-0.4 mm 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 | 60 60 60 60 60
A 25000 - 0.1 - - - 0.3 - - - 0.5 - - -
B 25000 - - 0.1 - - - 0.3 - - - 0.5 - -
C 45000 - - - 0.1 - - - 0.3 - - - 0.5 -
D 70000 - - - - 0.1 - - - 0.3 - - - 0.5

Nota / Note: adaosul de eter de celuloza este dat in % peste 100 / addition of cellulose ethers is given in % over 100.

Pentru prepararea mortarului proaspat
materiile prime au fost cantarite, omogenizate in
stare uscata si apoi amestecate cu apa timp de
90 s In malaxor (conform SR EN 196-1 [15]).

Consistenta a fost determinata cu ajutorul
mesei de imprastiere, conform SR EN 1015-3 [16],
prin masurarea diametrului mediu de imprastiere a
mortarului. Mortarele cu o densitate mai mare de
1200 kg/m3 trebuie sa aiba un diametru de curgere
de 175+10 mm (SR EN 1015-2 [17]).

Lucrabilitatea s-a apreciat practic prin
usurinta cu care se poate intinde mortarul pe o
placa de beton, cu ajutorul unei mistrii.

Timpul de inceput de priza s-a determinat
conform SR EN 13454-2 [18], cu ajutorul aparatului
Vicat MATEST. Tiparul cu mortar a fost mentinut in
mediu cu o umiditate de 95£5% si o temperatura
de 23x2°C. Pentru preparea mortarului s-a folosit
apa distilatd furnizatd de catre un producator
autohton.

Consistency was determined with the help
of the flow table, according to SR EN 1015-3 [16],
by measuring the mean flow diameter of mortar.
Mortars with a density higher then 1200 kg/m®
must have a flow diameter of about 175+10 mm
(SR EN 1015-2 [17]).

Workability was assessed by the ease with
which the mortar can be applied on a concrete
slab with a trowel.

Initial setting time was determined according
to SR EN 13454-2 [18], with a MATEST Vicat
needle apparatus. The mould with fresh mortar
was maintained in a medium with 95+5% humidity
and 23+2°C. Distillate water, provided by a local
producer, was used for the mortar preparation.

Mechanical strength was determined on
prismatic specimens (40x40x160 mm), according
to SR EN 1015-11 [19], which were compacted
with the MATEST jolting apparatus. Regarding the
curing of prisms, moulds were kept in a



C.Ciobanu, S. lluc, I. Lazdu, C. Pacurariu / Unele proprietéti fizico-mecanice ale mortarelor uscate aditivate cu eteri de celuloza 33

Rezistentele mecanice s-au determinat pe
epruvete prismatice (40x40x160 mm), conform SR
EN 1015-11 [19] compactate pe masa de soc
MATEST. In ceea ce priveste conditionarea
prismelor, tiparele au fost pastrate timp de doua
zile intr-o punga de polietilena, apoi probele au fost
decofrate si finute 26 de zile in punga de
polietilena. Au fost determinate rezistentele la 2 zile
si la 28 de zile cu ajutorul presei hidraulice
MATEST E160. Vitezele de lucru au fost 50 N/s
pentru determinarea rezistentei la incovoiere si
2400 N/s pentru determinarea rezistentei la
compresiune.

in prealabil efectuarii determinarilor de
rezistente mecanice la 2 si 28 zile, prismele s-au
cantarit si s-au masurat pentru calcularea densitatii
aparente.

Pentru urmarirea proportiei de Ca(OH),
(portlandit) format la hidratarea cimentului, s-a
apelat la efectuarea analizelor termice asupra
probelor hidratate, fara eter de celuloza, respectiv
cu adaos de 0,5% eter. Pentru aceasta probele au
fost mojarate, spalate cu alcool etilic absolut si apoi
cu eter etilic, dupa care au fost uscate in etuva la
50°C. Analizele termice au fost efectuate cu un
aparat NETZSCH STA 449. Curbele TG/DTA au
fost inregistrate in intervalul 25-1200°C, cu o viteza
de incalzire de 10 K min™, utilizand creuzete de
platind, in aer cu o vitezd de curgere de
20 mi min™.

3. Rezultate

3.1. Consistenta mortarului proaspat

Cantitatile de apa necesare pentru obtinerea
nivelului de consistenta definit — corespunzator
unui diametru de Tmprastiere impus la valoarea de
(175 £10) mm, sunt prezentate in figura 1.

polyethylene bag for two days, and then the
samples were demoulded and put for 26 days in a
polyethylene bag. Mechanical strength was
determined at 2 days and at 28 days by the help of
a MATEST E160 hydraulic press. Working speeds
were 50 N/s for flexure strength determination and
2400 N/s for compressive strength determination.

Prior to the determinations of mechanical
strength at 2 and 26 days, the prismatic specimens
were weighed and measured for the apparent
density determination.

The proportion of Ca(OH), (portlandite)
formed at cement hydration, was analyzed using
thermal analysis performed on mortar samples
without cellulose ether, respectively, with 0.5%
cellulose ether. Samples were grinded, washed
with anhydrous ethanol and then with ethyl ether,
and then were dried out in the oven at 50°C.
Thermal analyses were performed with a
NETZSCH-STA 449 instrument. The TG/DTA
curves were recorded in the range of
25-1200°C, with a heating rate of 10K min™', using
Pt crucibles, in artificial air at a flowing rate of
20 mL min™.

3. Results

3.1. Consistency

The quantities of water required to achieve
the defined level of consistence which correspond
to a required flow value of (175 +10) mm, are
shown in figure 1.

It is noted that cellulose ethers increase the
amount of water needed to obtain the defined level
of consistence of (175 £10) mm. Water demand is
higher for mortars containing 0.3% and 0.5% CE
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Fig. 1 - Cantitatea de apa necesara obtinerii aceluiasi diametru de imprastiere (17510 mm) /Water demand needed to obtain the same

flow diameter (175£10 mm).

Se observa ca utilizarea eterilor de celuloza
mareste cantitatea de apad necesarda obtinerii
nivelului de consistenta definit (175 +10) mm.

then for mortars containing 0.1% CE. On the other
hand, for the same proportion of cellulose ether,
water load required for obtaining a flow value of
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Proportia in care se mareste necesarul de apa
creste mult pentru un adaos de 0,3% si 0,5% eter
de celuloza. Pe de altd parte, pentru aceeasi
proportie de eter de celuloza, cantitatea de apa
necesara pentru obtinerea raspandirii  de
(175£10) mm variaza in functie de natura eterului
A, B, C sau D. Se remarca faptul ca pentru adaos
de 0,3% si 0,5% A si B (care se disting printr-un
grad de substitutie mare A si respectiv mediu B)
cresterea necesarului de apa este mai pronuntata
decat in cazul celorlalti doi eteri C si D (al caror
grad de substitutie este scazut C si respectiv
nemodificat D).

Pentru compozitile R10-R13 s-a urmarit si
efectul aceleiasi proportii de eteri de celuloza
(0,5%) asupra consistentei mortarelor realizate cu
un continut fix de apa (27%). Rezultatele obtinute
sunt prezentate in figura 2. Pentru eterii de
celuloza A si B, se observa ca scaderea gradului
de substitutie din ,mare” in ,mediu” a dus la
micsorarea diametrului de Tmprastiere cu 4 mm,
deci daca se doreste obtinerea aceleiasi imprastieri
(128 mm in cazul R10) este necesara cresterea
cantitatii de apa, fenomen care nu se observa in
cazul acelorasi mortare dar preparate cu un
necesar de apa care confera o raspandire impusa
de (175x10) mm.

(175£10) mm, depends on the nature of the
cellulose ether A, B, C or D. It is noted that water
necessary is higher for mortars containing 0.3%
and 0.5% A and B (which are distinguished by a
high, A, respectively a medium, B, degree of
substitution) then for the mortars containing the
same proportions of the other two CE, C and D
(low degree of substitution for C and unmodified
D).

For the compositions R10-R13 the effect of
the same proportion of cellulose ether (0.5%) on
the consistency of mortars prepared with a fixed
water content (27%) was determined. The results
are shown in figure 2. It is noticed that for mortars
containing A and B, lowering the degree of CE
substitution from “high” to “medium” led to the
decrease of the flow diameter with 4 mm, hence to
the increased water demand for obtaining the
same consistency (128 mm for R10), phenomenon
which was not previously observed on mortars
prepared with a higher amount of water required to
obtain a flow value of (175+10) mm.

Figure 2 also shows that cellulose ethers A
and B need a larger amount of water to achieve a
flow diameter of 140 mm as compared with the
other two CE C and D.
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Fig. 2 - Diametrul de imprastiere al mortarelor cu 27% apa (cu 0,5% CE) / Flow diameter of mortars made with 27% water

(with 0.5% CE).

Din figura 2 se observa, de asemenea, ca
eterii de celuloza A si B au nevoie de o cantitate
mai mare de apa pentru obtinerea unei raspandiri
de 140 mm comparabila cu a celorlalti doi CE —
simbolizati C si D.

3.2. Lucrabilitatea

in figura 3 sunt prezentate imagini ale
mortarelor fara CE — R1 (fig.3 a) si cu 0,5% D —
R13 (fig. 3 b). Se observa ca practic, CE
imbunatateste semnificativ lucrabilitatea mortarelor.

Pe parcursul derularii experimentelor din
prezenta lucrare s-a constatat ca desi s-au folosit
cantitati ridicate de apa de amestecare, mortarele

3.2. Workability

In figure 3 are shown pictures of mortars
without CE — R1 (Fig.3 a) and with 0.5% D — R13
(Fig.3 b). It is clear that CE significantly improve
the workability of mortars.

During the experiments presented in this
paper it was noticed that although the water load
was very high, mortars with 0.3% and 0.5%
cellulose ether hardly reached the flow value of
175£10 mm. It is very difficult to work with these
mortars because they are very soft and slip from
the trowel. In this case, for determining the
properties listed below - initial setting time,
density, mechanical strength, it was used a smaller
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care contin 0,3% si 0,5% CE au ajuns cu greu la un
diametru de imprastiere de (175x10) mm. Este
foarte dificil s& se puna in opera aceste mortare
datorita faptului ca, fiind foarte moi, aluneca de pe
mistrie. Din acesta cauza, pentru determinarea

- —— R G Y L

¢ M) . ] b

e A T
T e

F o

amount of water (27% for mortars containing 0.3%
and 0.5% CE, and 23% water for mortars with
0.1% CE) than the amount of water needed to
obtain the defined level of consistency
(175210 mm). It can be said that these smaller

#

Fig. 3 - Ifnagini ca‘re indica Iucrabilitatea ‘r_'noarelor féé CE-R1 .(a) si cu 0,5%'D -R13 (b), aplicate p o placa de beton / Images that
indicate workability of mortars without CE-R1 (a) and with 0.5% D-R13 (b) applied on a concrete slab.
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Fig.4 - Timp de inceput de priza pentru mortare fara CE — R1 (19% apa), cu 0,1% CE — R2-R5 (23% apa), cu 0,3% CE — R6-R9 (27%
apa) si cu 0,5% CE — R10-R13 (27% apa) / Initial setting time for mortars without CE — R1 (19% water), with 0.1% CE — R2-R5
(23% water), with 0.3% CE — R6-R9 (27% apd) and with 0.5% CE — R10-R13 (27% water).
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Fig.5 - Densitatile la 2 si la 28 de zile ale mortarelor fara CE — R1 (19% apa), cu 0,1% CE — R2-R5 (23% apa), cu 0,3% CE — R6-R9
(27% apa) si cu 0,5% CE — R10-R13 (27% apa) / Density at 2 and 28 days of mortars without CE — R1 (19% apa), with 0.1% CE —
R2-R5 (23% water), with 0.3% CE — R6-R9 (27% water) and with 0.5% CE — R10-R13 (27% water).
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proprietatilor prezentate in continuare — timp de
inceput de priza, densitate, rezistente mecanice,
s-a folosit o cantitate mai mica de apa de
amestecare (27% apa de amestecare in cazul
compozitilor cu 0,3% si 0,5% CE, respectiv 23%
apa de amestecare in cazul probelor cu 0,1% CE)
decadt cea necesara obtinerii nivelului de
consistenta definit de standard (175+10 mm). Se
apreciaza ca aceste cantitati mai mici de apa
confera mortarelor o lucrabilitate normala din punct
de vedere practic (diametrul de Tmprastiere a fost
de circa 140 mm).

3.3. Timpul de inceput de priza

in figura 4 sunt prezentati timpii de inceput
de priza obtinuti pe mortarele incercate.

Se observa ca introducerea eterului de
celuloza in mortar duce la cresterea semnificativa a
timpului de priza, crestere care este cu atat mai
accentuata cu cat proportia de eter de celuloza
este mai mare (de la 149 min pentru R1 la maxim
907 min pentru R11).

Pentru mortarele cu un continut de 0,3% CE,
dar mai ales 0,5% CE, pe langa faptul ca timpul de
inceput de priza se prelungeste mult, din
cercetarile experimentale nu a rezultat o
dependenta regulatd a timpului de priza in functie
de gradul de substitutie al eterului de celuloza. intre
cei 4 eteri de celuloza luati in lucru, se distinge
eterul B(mortarele cu 0,3% — R7 si cu 0,5% — R11)
printr-un efect Tintarzietor asupra prizei mai
pronuntat comparativ cu cel exercitat de eterii A, C
si D.

3.4. Densitatea aparenta in stare intarita

Utilizarea eterilor de celulozd duce la o
scadere usoara a densitatii aparente a mortarelor
intarite (fig. 5).

3.5. Rezistentele mecanice

Rezistentele mecanice la Tncovoiere si la
compresiune dupa 2 zile si 28 de zile de intarire
sunt prezentate in figurile 6 si 7.

amounts of water give to the mortars a practically
normal workability (flow diameter was about
140 mm).

3.3. Initial setting time

Figure 4 shows the initial setting times
obtained on the tested mortars.

It is noticed that cellulose ethers significantly
increase the initial setting time. This increase is
more pronounced as the ratio of cellulose ether in
mortar is higher (from 149 min for R1 to a
maximum of 907 min for R11).

For mortars containing 0.3% CE, and
especially 0.5% CE, besides the fact that the initial
setting time is very long, from the experimental
research did not result a regular dependence
between initial setting time and cellulose ether’s
substitution degree. Between the four CE studied
ether B (mortars with 0.3% - R7 and with 0.5% -
R11) is distinguished by a more pronounced
retarding effect than all the other ethers A, B and D.

3.4. Apparent density of hardened mortar

Cellulose ethers introduction in mortar leads
to a slight decrease in apparent density of
hardened mortar (Figure 5).

3.5. Mechanical strength

Flexure strength and compressive strength
at 2 and 28 days are presented in Figures 6 and 7.

It is noted that after 2 days of hardening, the
presence of cellulose ethers in samples causes a
sharp decrease of mechanical strengths (figure 6).
This decrease is more pronounced as the addition
of CE is in a higher proportion. Ether B added in
proportions of 0.3% (R7) and 0.5% (R11) leads to
the lowest mechanical strengths.

Higher viscosity of the CE and a lower
degree of substitution affects less the mechanical
strengths.

After 28 days of hardening, it is observed
(Figure 7) practically the same effect of CE like at
2 days, in sense of reduction of mechanical
strength
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Fig. 6 - Rezistentele mecanice la 2 zile ale mortarelor fara CE — R1 (19% apa), cu 0,1% CE — R2-R5 (23% apa), cu 0,3% CE — R6-R9
(27% apa) si cu 0,56% CE — R10-R13 (27% apa) / Mechanical strengths at 2 days of mortars without CE — R1 (19% apa), with
0.1% CE — R2-R5 (23% water), with 0.3% CE — R6-R9 (27% water) and with 0.5% CE — R10-R13 (27% water).
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Fig. 8 - Rezistentele mecanice la 28 de zile ale mortarelor cu nivel de consistenta definit — corespunzator raspandirii de (175+10) mm
Mechanical strengths at 28 days on mortars with defined level of consistence — corresponding to a flow of (175+10) mm.

Se observa ca dupa 2 zile de intarire,
prezenta eterilor de celuloza in probe determina o
scadere accentuatd a rezistentelor mecanice
(figura 6). Scaderea este cu atat mai pronuntata cu
cat adaosul de CE este in proportie mai mare. Se
distinge eterul B, adaugat in proportii de 0,3% (R7)
si 0,5% (R11), care conduce la cele mai mici
rezistente mecanice ale mortarelor.

Vascozitatea mai mare a eterului si un grad
de substitutie mai mic al lui afecteaza mai putin
rezistentele mecanice.

Dupa 28 de zile de intarire, se observa
(figura 7) practic aceleasi efecte ale CE ca si la 2
zile, in sensul diminuarii importante a rezistentelor
mecanice ale probelor de mortar cu adaos de CE,
comparativ cu mortarul fara CE.

Pentru a urmari si influenta proportiei de apa
de amestecare, s-au determinat rezistentele
mecanice inclusiv pe mortare preparate cu o
proportie mai ridicatd de apa si anume apa
necesara obtinerii nivelului de consistenta definit —
corespunzator unui diametru de imprastiere impus
la valoarea de (175+10) mm pentru fiecare dintre
retete.

of mortars containing CE compared with mortar
without CE.

Mechanical strengths were determined on
mortars prepared with a higher amount of water,
namely with the amount of water used for
obtaining the defined level of consistency -
corresponding to a flow value of (175+10) mm for
every mortar tested.

The results obtained in this case on the
mechanical strength after 28 days are shown in
Figure 8.

Mechanical strengths at 28 days,
determined on mortars with the defined level of
consistency, are much lower then mechanical
strengths determined at 28 days on mortars
prepared with a lower amount of water. The
degree of the reduction of mechanical strengths is
more intense for mortars containing 0.5%
respectively 0.3% CE with a higher degree of
substitution (A and B).

3.6. Thermal analysis
In attempt to explain the influence of CE on
the mechanical strengths of mortars and on
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Rezultatele obtinute in acest caz privind
rezistentele mecanice dupd 28 de zile sunt
prezentate in figura 8.

Rezistentele mecanice la 28 de zile,
determinate pe mortarele aduse la nivelul de
consistenta definit de standard, sunt sensibil mai
mici decét cele obtinute la 28 de zile pe mortarele
preparate cu o cantitate mai mica de apa.
Scaderea rezistentelor la 28 zile este mai evidenta
pentru mortarele cu un continut de 0,5% si
respectiv 0,3% eter de celuloza si cu un grad de
substitutie mai ridicat (A si B).

3.6. Analizele termice

in incercarea de a explica influenta CE
asupra rezistentelor mecanice ale mortarelor,
respectiv asupra proceselor de hidratare ale
cimentului din compozitia acestora, au fost
realizate analize termice pe mortar fara CE (R1) -
figura 9 (preparat cu 19% apa) si cu adaos de 0,5%
D (R13) — figura 10 (preparat cu 27% apa) , dupa
termene mai lungi de hidratare (4 luni).

Analizele termice prezentate in figurile 9 si
10 reflectd o asemanare pronuntata intre mortarul
fara adaos (figura 9) de CE si cel cu adaos de CE
(figura 10); efectul endoterm insotit de scadere de
masa, cu maxim la 132(134)°C si un umar la
177(178)°C este atribuit eliminarii apei din
porozitatea mortarului, peste care se suprapun
procese de eliminare a apei de constitutie din
produsii de hidratare ai cimentului. Efectul
endoterm insotit de pierdere de masa, cu maxim la
505(502)°C este atribuit descompunerii
portlanditului, Ca(OH), format Ila hidratarea
cimentului.

100

98 Mass Change: - 4.42%

-

_ =)
S 96 S
7 ~=~ 836.8°C J.o3 %
g Area: - 70.9 JIg~ 578.2°C Mass Change: - 1.79% g
94 E
J-04 O

Mass Change: {05

924
-3.49%

505.4°C

--06
134.4°C

90 T T T T T
200 400 600 800 1000 1200

Temperature [°C]

Fig. 9 - Curbele DTA si TG ale mortarului fara eter de celuloza
(R1 - 19% apa, termen 4 luni) / DTA and TG curves of
mortar without cellulose ethers (R1 — 19% water, term 4
mounths).

Efectul endoterm, fara variatie de masa, de
la 578°C este datorat transformarii polimorfe a
cuartului din compozitia mortarelor.

Efectul endoterm, insotit de pierdere de
masa, cu maxim la 836°C, este atribuit
decarbonatarii calcitului (CaCO;) din compozitia

cement hydration, some thermal analysis were
performed on mortar without CE (R1) — Figure 9
(prepared with 19% water) and on a mortar with
0.5% D (R13) — Figure 10 (prepared with 27%
water), after four months of hydration.

Thermal analysis shown in Figures 9 and 10
reflect a marked similarity between the mortar
without CE (Figure 9) and the mortar with CE
(Figure 10). Endothermic effect accompanied by
mass loss, with the maximum at 132(134)°C and a
shoulder at 177(178)°C is attributed to water
removal from the mortar's porosity overlapping
with elimination of constitution water from cement
hydration products. The endothermic effect
accompanied by the decreasing mass with the
maximum at 505(502)°C is attributed to
decomposition of Ca(OH), formed on the cement
hydration.

The endothermic effect without mass
variation, from 578°C is due to the polymorphous
transformation of quartz from mortars composition.

The endothermic effect accompanied by
mass loss with the maximum at 836°C is attributed
to the decarbonation of calcite (CaCO;) from the
mortar's composition and eventually of the very
fine and reactive CaCO; formed through partial
carbonation of Ca(OH),.

Comparison of the two thermal analysis on
mortar without CE (R1) and on mortar with 0.5% D
(R13) reflect a higher water content in R13
(7.04%) than in R1 (4.42%) and a proportion of
mass loss attributed to portlandite decomposition
smaller in R13 (1.62%) than in R1 (1.79%). Both
differences can be correlated with a higher water
content needed to obtain the defined level of
consistency — which correspond to a flow value of
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Fig.10 - Curbele DTA si TG ale mortarului cu 0,5% eter de
celuloza D (R13 — 27% apa, termen 4 luni) / DTA and
TG curves of mortar with 0.5% cellulose ether D (R13
— 27% water, term 4 mounths).

(175210) mm for mortar R13 than for R1 and with
inhibitory effect of CE on hydration processes.

The retardation effect of cement hydration
manifested by the cellulose ethers is more clearly
shown on the DTA curves by the area of the
endothermic effect from 505 (502)°C, specific to
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mortarului, la care se poate eventual adauga o
parte de CaCO;, foarte fin si reactiv, format prin
carbonatarea partiala a portlanditului.

Compararea celor doua analize termice, pe
mortarul fara adaos de CE (R1) si pe mortarul cu
0,5% adaos de D (R13) reflecta un continut de apa
mai mare in reteta 13 (7,04%) decét in compozitia
R1 (4,42%) si o valoare a pierderii de masa
atribuita portlanditului mai mica in R13 (1,62%)
decat in R1 (1,79%). Ambele diferente se pot
corela cu necesarul mai ridicat de apa pentru
obtinerea nivelui de consistenta definit -
corespunzator raspandirii de (175£10) mm 1in
mortarul 13 si efectul intarzietor asupra proceselor
de hidratare manifestat de CE.

Efectul intarzietor manifestat de CE este si
mai clar dovedit pe curbele DTA de suprafata
efectului endoterm de la 505 (502)°C, specific
descompunerii portlanditului, format la hidratarea
cimentului, care evidentiaza un continut mai redus
in proba cu CE - R13 (aria: 63,15 J/g) fata de proba
fara adaos de eter de celuloza R1 (aria: 70,9 J/g).

4. Discutii

In stare proaspatd, cu cat se foloseste o
proportie mai ridicaté de eter de celuloza si cu cat
gradul de substitutie al acestuia este mai mare, cu
atat necesarul de apa este mai mare (a se vedea
figura 1) si timpul de priza este mai lung (a se
vedea figura 4). Aceasta observatie este in
concordantd cu datele obtinute de J. Pourchez gi
colaboratorii [4,5,7,9] care au ajuns la concluzia ca
gradul de substitutie al eterului de celuloza este cel
mai relevant factor care influenteaza cinetica
hidratarii cimentului; pe cadnd masa moleculara
(indicata de vascozitate) are o influentd minora.

in literatura [9,10,12 - 14] se arata ca efectul
intarzietor asupra proceselor de hidratare ale
cimentului, manifestat de polizaharide in general,
respectiv de eterii de celuloza in mod particular,
creste odatd cu cregterea proportiei acestora.
Rezultatele obtinute de noi confirma aceste date,
dar mai mult, arata ca pentru eterii de celuloza
utilizati, efectul intarzietor este putin influentat de
natura acestora atunci cand sunt adaugati in
proportie redusa (0,1%) si mult mai puternic
dependent de natura lor atunci cand se introduc in
proportie mai ridicata (0,3% si 0,5%). Altfel spus,
intensificarea  efectului intarzietor odatd cu
cresterea proportiei de CE variazd mult in functie
de natura CE exprimata prin gradul de substitutie.

Scaderea semnificativa a rezistentelor
mecanice ale mortarelor, cu adaos de eter de
celuloza, poate avea mai multe cauze, si anume:

+» Scaderea densitatii mortarului cu continut
de CE ca urmare a stabilizarii de catre MHEC a
aerului antrenat in timpul amestecarii. J. Pourchez
si colaboratorii [8] sustin ca eterii de celuloza
stabilizeaza aerul antrenat in functie de compozitia
lor chimica, iar A.Jeni si colaboratorii [11] arata ca

the portlandite decomposition, formed on cement
hydration, which shows a lower content of
Ca(OH), in sample with CE - R13 (area: 63.15 J/g)
than the sample R1 without cellulose ether (area:
70.9 J/g).

4. Discussion

In fresh state, the water load is higher (see
Figure 1) and initial setting time is longer (see
Figure 4) on mortars with a higher proportion of CE
with a high degree of substitution. This observation
is consistent with data obtained by Pourchez et al.
[4,5,7,9] which concluded that the degree of
modification of CE is the most relevant factor
which influence cement hydration kinetics, while
molecular weight (shown by the viscosity) has a
minor influence.

Some papers [9,10,12 -14] show that the
retarding effect on the hydration process of cement
manifested by polysaccharides in general and by
cellulose ethers in particular increases with
increasing the proportion of additive. The results
we obtained confirm these data, but more so,
show that, for the studied CE, the retarding effect
is less influenced by cellulose ether's molecular
parameters when added in small proportion (0.1%)
and much more dependent on its molecular
parameters when added in higher proportion (0.3%
and 0.5%).

Significant  decrease @ of  mechanical
strengths when cellulose ethers are introduced in
mortars may have several causes, namely:

« Low density mortar containing CE as a
result of stabilization of the air entrained during
mixing. Pourchez et al [8] show that CE stabilize
entrained air depending on their chemical
composition. Jeni et al [11] show that the air
entrained during mixing is stabilized by CE
because of enrichment of the interface between
the air bubbles and the wet cement paste with CE
films. This enrichment is due to the surfactant
property of cellulose ethers with a high affinity to
the air-water interface [11]. During mechanical
mixing, air bubbles are dispersed in all mortar
paste and CE dissolved in the pore solution
attaches to air bubbles.

+» Mortar without CE is better compacted
than the mortar with CE and eliminates a large
proportion of entrained air therefore the
mechanical strength is higher. According to Jeni
et al [11] mortars containing CE have a volume of
air greater than 20% while those without CE have
only a few percent of entrained air.

+» Decreased mechanical strength of mortars
brought to a defined level of consistency which
correspond to a flow value of (175+10) mm can be
explained by the fact that a larger amount of water
is lost by hydration and evaporation and causes
the formation of a network of capillary pores which
is responsible for this decrease.
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aerul antrenat in timpul amestecarii este stabilizat
de CE datorita imbogatirii cu CE a interfetei dintre
golurile de aer si pasta umeda de ciment. Aceasta
imbogatire poate fi atribuita proprietatilor de agent
tensioactiv al eterilor de celulozd cu o afinitate
mare la interfata aer-apa [11]. In timpul
amestecarii mecanice, bulele de aer sunt
imprastiate in tot mortarul si deci CE dizolvat in
solutia din pori se atageaza de acestea.

« Mortarul cu eteri de celulozd se
compacteaza mai putin bine decat cel fara CE.
Conform [11] mortarele care contin eteri de
celuloza au un volum de aer antrenat de circa 20%
pe cand cele fara eteri de celuloza au un continut
de aer de doar cateva procente.

+« Aducerea la nivelul de consistenta definit
de standard corespunzator unei raspandiri de
(175£10) mm necesitda o cantitate de apa mai
mare pentru atingerea consistentei impuse, iar
pierderea ei prin hidratare si evaporare determina
formarea unei retele de pori capilari care este
responsabild de aceasta micgorare a rezistentelor.

Toate efectele prezentate sunt mai
accentuate pentru un continut mai ridicat de eter de
celuloza (0,5% si 0,3%) decéat pentru un adaos de
0,1%.

5. Concluzii

Rezultatele obtinute aratd ca& alegerea
eterului de celuloza potrivit pentru realizarea unui
mortar uscat trebuie facuta tinand cont de gradul
de substitutie al acestuia si mai putin de
vascozitatea declarata de producator. Proportia de
eter de celuloza utilizata influenteazad semnificativ
proprietatile mortarelor investigate: consistenta,
lucrabilitatea, timpul de inceput de priza, densitatea
si rezistentele mecanice.

Lucrabilitatea mortarelor poate fi mult
imbunatatita daca se utilizeaza tipul si cantitatea
potrivita de eter de celuloza.

Cresterea continutului de eter de celuloza de
la 0,1% la 0,5% nu modifica esential lucrabilitatea,
dar mareste necesarul de apa, cu efecte negative
asupra rezistentelor mecanice.

Efectele secundare (exemplu intarzierea
prizei) pot fi semnificative si depind foarte mult de
gradul de modificare al CE si de proportia lui Tn
mortar. Timpul de priza al mortarelor variaza in
limite largi in functie de natura si proportia de CE
folosit, putand depasi chiar 15 ore.

Ca o concluzie generala, se poate afirma ca
efectul gradului de substitutie al MHEC, este in
general mai mare decat cel al vascozitatii dar
depinde de gradul de modificare.
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mortar for masonry. Part 2: Bulk sampling of mortars and
preparation of test mortars.

*** SR EN 13454-2+A1:2007, Binders, composite binders
and factory made mixture for floor screeds based on
calcium sulfate. Part 2: Test methods.

*** SR EN 1015-11:2002/A1:2007, Methods of test for
mortar for masonry. Part 11: Determination of flexural and
compressive strength of hardened mortar.

RICCCE XVII

Romanian International Conference on

Chemistry and Chemical Engineering
7 — 10 September, Sinaia, Romania

The main Romanian scientific event in the field of
chemistry and chemical engineering.
Topics:
1.New Developments in Chemical Synthesis & Catalysis

2.Biochemistry, Food & Health
3.Physical Chemistry, Electrochemistry & Corrosion
4.New concepts in Biochemical and Chemical
Engineering

5.Risk, Sustainability & Environmental Protection
6.Materials and Nanomaterials

To attend this conference,

register on line at

www.ricccelZ.upb.ro

Cel mai important eveniment stiintific din
Romania in domeniul chimiei si ingineriei chimice.

Sectiuni:

1.Noi cercetari in sinteza chimica si cataliza
2.Biochimie, alimente si sanatate
3.Chimie-fizicd, electrochimie si coroziune

4.Noi concepte in ingineria chimica si biochimica
5.Risc, sustenabilitate si protectia mediului
6.Materiale si nanomateriale

Pentru a participa la aceasta conferinta,
inregistrarea se face on line pe pagina

www.ricccelZ.upb.ro
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