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Abstract
Cellulose ethers are polymers frequently introduced into mortar formulations in order to improve water retention capacity and workability
of the freshly-mixed materials. Physico-chemical parameters of these admixtures (molecular weight, granulometry, substitution degrees,
etc) seem to have a strong inuence on mortar water retention capacity. In this paper, the inuence of cellulose ether molecular weight
on mortar water retention and its consistency was studied. Moreover, a new method was used to evaluate mortar consistency, named
Consistor Baronnie method. This method was conrmed with rheological measurements.
Keywords: Cellulose ethers, Consistency, Mortar, Water retention

WPYW ETERÓW CELULOZY NA ZDOLNO DO ZATRZYMANIA WODY
PRZEZ WIEO ZMIESZANE ZAPRAWY
Etery celulozy to polimery czsto wprowadzane do skadu zapraw, aby poprawi zdolno do zatrzymania wody i podatno na obróbk wieo zmieszanych materiaów. Parametry zykochemiczne tych dodatków (masa cz steczkowa, granulometria, stopnie podstawienia etc.) wydaj si mie mocny wpyw na zdolno do zatrzymania wody przez zapraw. W artykule zbadano wpyw eteru celulozy na
zdolno do zatrzymania wody przez zapraw i jej konsystencj. Ponadto, wykorzystano now metod okrelenia konsystencji zaprawy,
a mianowicie metod Consistor Baronnie. Metod t potwierdzono pomiarami reologicznymi.
Sowa kluczowe: etery celulozy, konsystencja, zaprawa, zdolno zatrzymania wody

1. Introduction
The factory made mortar industry produces today more
than 100 types of mortars in Europe. These mortars are
found in different forms and offer chemical and mechanical
properties and characteristics specially tted to very differing
building and civil engineering constructions. Depending on
the applications, factory-made mortars are mainly composed
of mineral binders (cement, lime and/or gypsum), sands,
aggregates and additives (e.g., llers). To these major ingredients, different kinds of admixtures, mostly organics,
are added in order to bring some particular properties to the
mortar, from the fresh paste to the hardened material [1-5].
Water retention is the property of a mortar that prevents the
rapid loss of water to masonry units of high suction and prevents “bleeding” or “water gain” when the mortar is in contact
with relatively impervious substrate. Water retention is an
important property of mortar and affects workability and bond
(durability, completeness, and strength) between mortar and
masonry units. Water retention is affected by the formulation
of the mortar (both cementitious and aggregate) and may

be increased through the use of some organic admixtures.
Cellulose is a common material in plant cell walls and it is
the most abundant form of living terrestrial biomass. These
polymers are widely used in many elds of application. The
hydroxyl groups of cellulose can be partially or fully reacted
with various chemicals to provide derivates, such as cellulose
ethers, with useful properties. Among them, hydroxyethyl
methyl cellulose (HEMC) are widely used in food industry,
pharmaceutical industry and building materials. These
admixtures constitute one of the most suitable molecules
to improve mortar water retention [6, 7], and its workability
while they induce hydration delay. The mechanism by which
the cellulose ethers affect the cement hydration was reported
in literature [8, 9]. However, the effect of such polymers on
the mortar properties at the fresh state (water retention and
consistency) is not well understood.
The objective of this paper is to evaluate the effect of
HEMC on mortar water retention and its consistency. The
consistency was assessed using Consistor Baronnie method
and steady rate rheology. A correlation between both methods was attempted.
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2. Experimental
2.1. Materials
Experiments were performed using a laboratory-made
mortar, called “CEReM mortar”, composed of Portland CEM
I 52.5 R cement (30 wt%), siliceous sand (65 wt%) and
calcareous ller (5 wt%), to which CE was added (0.27 wt%
in addition to the above dry mix). Cellulose ethers (CE) are
water-soluble polymers derived from cellulose. Nowadays,
they are systematically introduced into mortar formulations,
in order to improve both water retention and workability of
the fresh paste. Among the wide variety of existing CE, three
types are mainly used in mortar manufacturing: hydroxypropyl-methyl cellulose (HPMC), hydroxyethyl-methyl cellulose
(HEMC) and hydroxyethyl cellulose (HEC). Such polymers
are characterised by three parameters: the molecular weight
(noted as Mw) and two substitution degrees: DS (degree of
substitution, the average number of hydroxyls substituted per
anhydroglucose units) and MS (molecular substitution, the
average mole substituents per anhydroglucose units). In our
paper, eleven CE have been studied: four HEMC, noted as
C and seven HEC, noted as H. Their molecular weights and
the contents of substitution groups are detailed in Table 1.

Fig. 1. ASTM test device to determine water retention of mortars.
1: fresh mortar; 2: perforated dish; 3: funnel; 4: tap; 5: ask; 6: to
air vacuum.

consistency was given by the number which corresponded
to the largest tube. This method need to be conrmed with
more rigorous rheological measurements. For the rheometry
tests, experiments were carried out with a Rheometrics Fluid
Spectrometer RSFII with Vane geometry [13]. Rheograms
represented the evolution of shear stress (W) versus the shear
rate (J), and were tted with Herschel Bulkley model [14]:
W

Table 1. Molecular parameters of the selected cellulose ethers.
Cellulose ether

Mw (KDa)

DS

MS

MHEC C1

80

1.8

0.15

MHEC C2

180

1.7

0.15

MHEC C3

310

1.7

0.15

MHEC C4

380

1.7

0.15

HEC H1

45

–

1.9

HEC H2

140

–

2.0

HEC H3

275

–

2.2

HEC H4

430

–

2.3

HEC H5

720

–

2.4

HEC H6

770

–

2.4

HEC H7

790

–

2.4

3. Results and discussion
First, a correlation between the results from two standards was established (Fig. 2). CE improved mortar water
retention. Indeed, the ASTM retention capacity of the nonadmixed mortar in next to 65 %. Both methods were well
correlated (r² = 0.99). Moreover, the results obtained with
ASTM method slightly overrated the DIN ones.

2.3. Consistency measurements
Mortar consistency was assessed by two methods: the
Consistor Baronnie method [12] and the steady rate rheology.
The rst one consisted in 10 stainless tubes with diameters
ranging from 10 to 55 mm. They were marked from 1 to 10
and the aim of the experiment was to nd the largest tube
for which the paste did not slide before 5 seconds. Mortar
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Water retention - ASTM method (%)

Water retention was measured following two different
standards: DIN 18555-7 Standard [10] and ASTM C91 Standard [11]. For the rst one, experiments had to be performed
5 minutes after mixing and consisted in measuring the lost
water of a mortar in contact with a lter paper. For the second
one, the test was performed using the apparatus described in
the ASTM C.91 Standard. 15 minutes after mixing, the mortar
was subjected to vacuum (50 mmHg) for 15 minutes (Fig. 1).

(1)

where K represents the consistency coefcient, W0 the yield
stress and n is the ow behaviour index. When n = 1, the
formula reduces to the Bingham model. The shear-thinning
behaviour associated with 0 < n < 1, and the unusual shearthickening behaviour with n > 1.
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2.2. Water retention measurements
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Fig. 2. Correlation between water retention standard methods.

Then, the effect of molecular weight was studied using
two different panels of molecules. For HEMC C, substitution
degrees were roughly constant among the group, thus only
one parameter varied: Mw. For HEC H, we consider that MS
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variations were less important than the Mw variations. Therefore, with this group, the water retention was also studied as
a function of CE molecular weight. For HEMC C, while Mw
increased from 80 kDa to 380 kDa, mortar water retention
increased from 93.6 % to 98.3 % and mortar consistency
increased from 1 to 3. As a result, for HEMC, an increase
in polymer molecular weight leads to an improvement of
both mortar water retention and consistency. Concerning
HEC family, when Mw increased from 45 kDa to 790 kDa,
mortar water retention increased from 95.1 % to 98.8 %
and mortar consistency was improved. Consequently, for
both CE families, the higher polymer molecular weight, the
better the mortar water retention and its consistency. This
can be explained by the CE capacity to form with water an
aqueous phase with a higher viscosity [7, 15], [16]. Consequently, a high molecular mass admixture would lower the
water mobility with the result that the water retention would
be increased.
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4. Conclusions
This paper reviewed the effect of cellulose ether molecular weight on mortar water retention and its consistency. The
results demonstrated that the molecular weight is a crucial
parameter in a given polymer family. It was noted that, as the
molecular increased, both water retention and consistency
were improved. Moreover, it has been shown that consistency assessed with the Consistor Baronnie method was
well-correlated to the rheological parameter (more particular,
to the consistency coefcient).
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