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h i g h l i g h t s

� The most satisfactory quantities of admixtures and additives were established.
� Ability of cement composite with organic filler to absorb the CO2 was determined.
� The ITZ development process between the paste and the organic filler was analysed.
� Scheme of the cement paste-organic filler contact zone was elaborated.
� Lightweight and ecological material with favourable properties was obtained.
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a b s t r a c t

The paper presents the research into the two-step modification of the properties of the cement composite
with the organic filler by adding a superplasticizer and a waterproofing admixture as well as fly ash and
anionic bitumen emulsion. Organic fillers utilized in composites were: common reed (fraction 2–10 and
10–20 mm) and conifer sawdust (fraction 0–2 mm).
The reed, Phragmites australis, is a renewable and ecological material, which in the vegetation period

absorbs carbon dioxide. The sawdust is a waste product in wood processing. To determine the influence
of considered factors on the composite’s properties, the rotatable central composite design was planned.
In the first experiment, we added the superplasticizer and the waterproofing admixture (0–2% and 0–4%
of the cement’s mass respectively) and in the second experiment, the fly ash (0–200 kg/m3) and the bitu-
men emulsion (0–16% of the mass of the cement and the fly ash). The physico-mechanical properties such
as compressive strength, density, frost resistance, capillarity and water absorption were examined.
Additionally, the ability of the cement composite with the organic filler to absorb the carbon dioxide
was determined. The results indicated that all the considered variables improved the composite’s prop-
erties. Owing to the statistical analysis, the most satisfactory quantities of admixtures and additives were
established. The microstructure of the composites was also investigated, and as a result, a new contact
zone structure between the cement paste and the organic filler was elaborated. Favourable results of
the research might help promote using the lightweight cement composites with the organic fillers in
Poland and reduce the extraction of mineral aggregates.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Environmental protection and a gradual decrease in the Earth’s
natural resources make it necessary to use renewables and organic
materials in construction [1,2]. This is why mineral aggregates are
more and more commonly being replaced by alternative materials,
e.g. recyclables [3,4]. It is also justified to use waste materials such

as sawdust and shavings [5–8], and organic materials such as reed
and straw [9–11].

At present, the Miscanthus energy grass is experiencing a renas-
cence. In Germany, Pude [12] and Beck [13] conducted research
into thermal conductivity of concrete containing this plant. Agri-
cultural waste (e.g. flax stalks, rice straw and cotton blades) as well
as other organic fillers (e.g. bamboo, agave leaf fibers, coconut
husks, and increasingly popular in Poland, hemp shives) are used
[14,15]. Hemp concrete (in western countries known as Hem-
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pcrete), with its porous structure, is characterized by a low heat
transfer coefficient and high heat accumulation.

It is also known that porous composites based on organic mate-
rials absorb carbon dioxide, whose concentration in the atmo-
sphere is constantly growing. In 2011 the average concentration
of CO2 in the atmospheric air was about 392 ppm, and in 2014, it
exceeded 400 ppm. In addition, it rises annually by 1.5% in compar-
ison to the previous year, which gradually leads to an increase in
global temperatures. Therefore, methods of separating CO2 from
the air, removing it or storing it long-term are sought. A growth
in construction products based on the organic fillers can lead to
long-term and environmentally safe carbon storage. However, such
products are not widely used in Poland and Europe. This is due to
the lack of knowledge about production technology, proper opera-
tion and maintenance. Moreover, the organic fillers are believed to
be less durable and people are simply more accustomed to ordi-
nary concretes.

The aim of the work is to modify the composition of the cement
composites with the organic filler (sawdust and reed) by shaping
their physico-mechanical and chemical properties, and their
microstructure.

2. Materials and experimental methods

2.1. Materials

2.1.1. Cement
A binder was Portland cement of high early strength CEM I 32.5R specified in

the standard EN 197–1 (Cement - Part 1: Composition, specifications and conformity
criteria for common cements) [16].

2.1.2. Organic filler
In laboratory tests, the reed and conifer sawdust were applied as basic organic

fillers. The reed was cut in winter. After drying, it was cut into up to 20-mm-long
pieces and sieved to obtain appropriate fractions (2–10 mm and 10–20 mm). The
conifer sawdust was screened to remove impurities and to obtain fractions 0–2
mm. Fig. 1 shows the reed and sawdust fillers prepared for the cement composites.

The main physical properties of the organic filler are given in Table 1.

2.1.3. Fly ash
In the research we used the fly ash, a coal combustion by-product, specified in

the standard EN 450-1 (Fly ash for concrete. Part 1: Definitions, specifications and con-
formity criteria) [17]. The ash came from Bialystok Heat and Power Plant (loss on
ignition <5%, specific density q = 2.23 g/cm3).

2.1.4. Bitumen emulsion
In order to improve properties of the cement composites with the organic fil-

lers, the bitumen emulsion with the properties shown in Table 2 was used.

2.1.5. Mineralizing agents
To neutralize harmful compounds in the organic fillers and to stabilize the

physico-chemical properties of the cement composites, aluminum sulphate
Al2(SO4) and hydrated lime Ca(OH)2 were added as main mineralizing agents. They
give the solution an acid reaction pH 3–5 (after dissolving in water) and neutralize
the solution of the aluminum sulfate (after mixing it with water) respectively. The
process of mineralizing organic aggregates and hand-molding samples by compact-
ing is described by Bołtryk and Pawluczuk [18].

2.2. Experimental methods

2.2.1. Physico-mechanical tests of the cement composite
The physical-mechanical tests of the cement composite were conducted on 10

� 10 � 10 cm samples specified in the Polish standard PN-88/B-06250 (Ordinary
concrete) – water absorption and frost resistance [19]; EN 12390-3 (Testing hardened
concrete - Part 3: Compressive strength of test samples) – compressive strength [20];
EN 12390-7 (Testing hardened concrete – Part 7: Density of hardened concrete) –
apparent density [21].

2.2.2. Microstructure tests of the cement composite
Structural studies by means of a thermal analysis (DTA, DTG and TG) were car-

ried out at the Faculty of Civil and Environmental Engineering of the Bialystok
University of Technology on derivatograph. X-ray diffraction (XRD) analysis was
performed at the Institute of Building Technology. For the structural examinations,
the confocal microscope was used.

2.3. Determining the working recipe of the cement composites with the organic filler

Table 3 shows individual components in the working recipe of the cement com-
posite mixtures based on a two-stage coating method. The number of mineralizing
agents (in the form of the aluminum sulphate and lime) was experimentally deter-
mined as 9% and 18% of the organic filler’s mass respectively [18].

The above composition gave the basis for preparing the cement composite mix-
tures with variable values determined for the experiment.

2.4. A plan of the experiments

In both experiments (Sections 3.1 and 3.2), a two-factor rotary plan with two
repetitions of the central point was adopted. Depending on the tests, other factors
(X1-X4) with defined variability ranges were determined (Table 4).

3. Test results and discussion

3.1. The influence of the content of the superplasticizer and
waterproofing admixture on selected properties of the cement
composites with the organic fillers

In order to determine the influence of the admixtures on the
properties of the mixture and hardened cement composite based
on the organic fillers, the experiment was carried out with the fol-
lowing variables: X1 – content of the superplasticizer (0–2%) and
X2 – content of the waterproofing admixture (0–4%) in relation
to the cement’s mass (Table 4). Table 3 shows the recipe of the
cement composite. Statistical significance of the results was
checked by an F-test of the overall equations fit followed by
t-tests of individual parameters. Analysis of Variance (ANOVA)
with F-test was also used.

Figs. 2–4 present changes in the density, water absorption and
compressive strength of cement composites based on the organic
fillers, in relation to X1 and X2.

The test results show that the density of the cement composites
with the organic filler highly depends on both assumed input fac-
tors. Both the superplasticizer and the waterproofing admixture
increased the composite’s density by 26% and 34%, respectively.
However, there was a slightly negative effect of X1-X2 interaction.

Fig. 1. Organic fillers used in a mixture of the cement composites, from left: (a) sawdust, (b) reed, 2–10 mm, (c) reed, 10–20 mm.
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