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ABSTRACT

Agricultural wastes and sawdust combined with cement matrix in the manufacture of building elements has been prac-
ticed with success in developed countries. In this study, sawdust from wood species (Pinus caribaea and Eucalyptus
grandis) and an agricultural waste—rice husk (Oriza sativa) were combined with Portland cement type V (high initial
strength), modified by polymer styrene-butadiene (SBR) addition. Hollow blocks produced with Eucalyptus grandis
and rice husk residues showed better compressive strength; however, those produced with residues derived from Pinus

caribaea presented non-satisfactory results, due to the particle size that was used.
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1. Introduction

The transformation of sawdust and residues into inert
raw material to be used in the manufacture of building
components, such as prefabricated hollow blocks and
wavy tiles, among others, demands planning and study
aiming to produce a non conventional material. Evaluat-
ing how to use the residues, in an efficient way, in the
blend with the Portland cement and to judiciously ana-
lyze the behavior of the so obtained composite becomes a
challenge. At the moment of the blend of the components,
known as the fresh state, the situation is the most critical
because in this period the hydration process of the ce-
ment happens and, consequently, the formation of prod-
ucts derived from its reaction, which will grant physical
stability to the structure of the new material obtained.
The addition of these materials in the water-cement blend
increases the hydration time of the binder and influences
the mechanical resistance of the cement paste. The water
soluble compounds present in the residues retard the set-
ting and inhibit the hardening of the blend [1]. The
mechanism of cement hydration and crystallization inhi-
bition, provoked by the components of the biomass, is
just superficially known. These inhibitor reactions may
be developed in the interface between the biomass and
the cement or in the vicinities of the cement matrix, re-
ducing the mechanical and chemical links that exist there
[2]. The employment of agricultural residues in the hol-
low blocks manufacturing is based upon cement addi-
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tives has contribution at the reutilization of raw material
in a rational and ecologically correct way, without caus-
ing damage to the environment. So, it is necessary to
develop appropriate methodologies to evaluate these ma-
terials, aiming that the final product is in conformity with
the specific standards for the hollow blocks (Brazilian
Association of Technical Standard—ABNT), regarding
to the compressive strength and water absorption limits.
The main objective of this research work was to evaluate
the feasibility of biomass waste application for hollow
blocks manufacturing.

2. Material and Methods

Biomass waste was supplied by industries at Campinas
region. Mineral aggregate was formed of fine washed
sand and the stone powder came from a stone quarry.
Portland cement type V, high initial strength cement [3],
was employed as a binder (Table 1).

The polymer was supplied by Rhodia of Brazil, and
was constituted by the water dispersion of copolymer
styrene-butadiene (SBR). The technical information is
described in Table 2. The addition of the polymer SBR
to the blends based on cement, granted a decrease of po-
rosity, permeability and water absorption, constituting
one of the most significant characteristics observed in
these composites [4].

2.1. Residues Treatment

The goal of the treatments was to reduce the inhibition
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Table 1. Physical characteristics of the cement (CPV-ARI).

Date of sampling Date of molding
8/27 8/30

Chemical composition (%)

High Initial Strength—CPV-ARI

SlOz A1203 F6203 CaO MgO SO} Na20 KzO CaO free COz

19.22 490 3.08 62.90 1.89 3.71 0.00 1.18 1.30  0.00

Source: Lafarge of Brazil—cement CPV-ARI “Campedo”.

Table 2. Properties of polymer SBR (styrene and butadie-
ne).

Properties of SBR (styrene-butadiene)
Particle Brookfield viscosity Solid

Polyrreler diameter  (fuso 2.50 rpm, pH contents (D e:r;l%
OPE () 23°0) o ¢
SBR 160 75-125 7.0-8.0 49% -51% 1.02

Source: Rhodia of Brazil. Note: The temperature of decomposition of SBR
is 320°C (after water evaporation).

between the cement and the biomass residues, and there-
by decreasing the influence of the water soluble com-
pounds present in the residues during the periods of set-
ting and hardening of the blends. The treatment of the
residues derived from P. caribaea and E. grandis were
performed through the immersion of the residues in lime
solution, during a period of 24 h, in the proportion of 5%
related to the mass of residue and taking into account the
results of compressive strength of the composites, that
was about 8.0 MPa [5] for the blend of 1:0.375:0.75
(cement:residue:water) and setting accelerators CaCl,
and Aly(SO,);. The rice husk treatment was also perform-
ed through the immersion in lime solution corresponding
to the best performance, when related to the mechanical
results in the blend of 1:0.36:0.50 (cement:husk rice:
water). After reviewing these results, the follow blends
were proposed, as described in Table 3.

2.2. Procedure of Blending, Molding and
Hardening of the Hollow Blocks

Hollow blocks were produced in laboratory, using a
manual molding equipment, model Permaq MBM 050,
vibro pressing machine. At the first stage, constant poly-
mer content was used for all the blends, which corre-
sponded to 5% in mass [4], to evaluate the behavior of
the heat hydration. It is worthy of pointing out that for
the hollow blocks, the polymer content (SBR) used was
based on the best mechanical performance previously
obtained in the compressive test of cylindrical specimens
(5 cm in diameter and 10 cm in height). In this way, the
blends for the new compositions were produced in a
concrete mixer, with the addition of the dry materials and,
afterwards, of polymer (SBR), related to each type of
residue, diluted in water. The composition used in the
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hollow blocks manufacturing was based mainly upon the
best results of the heat hydration tests (Table 4) accord-
ing [6].

After molding, the hollow blocks were storage in a wet
chamber for 7 days. With the results obtained from the
compressive test, hollow blocks were produced accord-
ing to the industrial manufacturing process. Then the
blend was produced in a concrete mixer and thrown di-
rectly into the molds of the industry device. From this
moment all of the procedures followed a pre-determined
sequence according to [7]. After the molding, the hol-
low blocks were kept covered with a plastic film and
manually wet, once a day, for 3 days.

2.3. Physical-Mechanical Tests and
Non-Destructive Evaluating Tests (NDE)

Hollow blocks testing were performed according to the
Brazilian Standards for non-bearing blocks according to
[7] and [8], respectively, compressive strength and water
absorption tests. Besides those tests, the hollow blocks
were monitored using the methodology of ultrasonic
pulse velocity (UPV) measurement, aiming to obtain
indirect information about the kinetics of hydration

Table 3. Blend of normal fraction used in the tests.

MASS CONTENT
Crop mineral
Residue Cement Crop aggregate  Polymer Accelerator water
residue stone  (SBR) CaCl,
sand
powder
1 040 1.5 3 5% -
E. grandis 0.75
1 040 1.5 3 - 3%
1 040 1.5 3 5% -
0.55
= 1 040 1.5 3 - 3%
caribaea | 49 15 3 5% -
0.75
1 040 1.5 3 - 3%
1 036 1.5 3 5% -
Rice husk 0.50

1 036 1.5 3 - 3%

Table 4. Composition of the ratios adapted to the cement
and residues mixtures.

MASS RATIO ADOPTED FOR THE MIXTURES

Mineral olymer Cement

Composite ce- crop  aggregates poly .
type ment residue . stone content consumgglon water

and powder (SBR) (kgm™)

E.grandis 1 036 150 3.00 0%-3% 241 0.84
P.caribaea 1 036 150 3.00 0%-7% 241 1.08

Rice husk 1 028 1.50 3.00 0% -9% 268 0.65

0JCM



Portland Cement-Residues-Polymers Composites and Its Application to the Hollow Blocks Manufacturing 3

reaction. Measuring points were selected according to the
main directions; groups of points were distributed in
three directions (longitudinal, transversal and perpen-
dicular).

The Ultrasonic Tester, model BP7 of Steinkamp, with
transducers of exponential section of 45 kHz of reso-
nance frequency were used. This device presents sensi-
bility of 1 ps in the measurement of time. For each direc-
tion, the average value of UPV was evaluated.

3. Results and Discussion

3.1. Hollow Blocks: Compressive Strength,
Water Absorption, Moisture Content and
Liquid Area

Table 5 presents the values for compressive strength
according to [7], and Table 6 shows the values of water
absorption of the hollow blocks produced in laboratory,
according to [8].

Table 5. Compressive strength at 28 days of the hollow blocks residues [7].

COMPRESSIVE STRENGTH at 28 days - Molded and cured in laboratory

E. grandis P. caribaea Rice husk
1:0.36:0.84 1:0.36:1.08 1:0.28:0.65
width (cm) length (cm) area (cm?) Compre(s;/i[x}l)ea )Strength REF 0% Compre(s;/il\[/)ea )Strength Compre(sli/il}f’e;l )Strength
8.8 39 3432 0.89 2.20 1.49
REF 0% 8.8 39 3432 1.01 REF 0% 2.05 REF 0% 1.43
8.8 39 3432 0.92 1.49 1.49
8.8 39 3432 1.19 1.43 1.84
SBR 3% 8.8 39 3432 1.13 SBR 7% 1.55 SBR 9% 1.84
8.8 39 3432 1.16 1.49 1.49
Table 6. Water absorption at 28 days of the hollow blocks residues [8].
WATER ABSORPTION, MOISTURE CONTENT AND NET AREA—Molded and cured in laboratory.
Natuzsi?g‘lﬁtisture Dry weight S\izil:}lltte Apparent weight  Moisture Absorption Net area ShilingILIF
m; (g) m; (g) m; (g) my (g) u (%) a (%) Aliq (cm”)  h (mm)
5470 5310 5950 3391.5 25.00 12.05 134.66 190
» REF 0% 5350 5220 5810 3311.7 22.03 11.30 130.80 190
Q 5430 5250 5860 3340.2 29.51 11.62 133.32 191
% 6020 5940 6720 3830.4 10.26 13.13 151.29 190
u SBR 3% 5780 5690 6410 3653.7 12.5 12.65 145.07 190
5720 5640 6350 3619.5 11.27 12.59 145.24 190
6050 5960 6760 3853.2 11.25 13.42 152.19 188
< REF 0% 5860 5770 6580 3750.6 11.11 14.04 148.92 190
g 5980 5890 6670 3801.9 11.54 13.24 150.16 190
% 6280 6170 7170 41325 11.00 16.21 159.03 190
o SBR 7% 6230 6150 7180 4149.6 7.77 16.75 158.66 190
6150 6040 6990 3927.3 11.58 15.73 160.35 190
6180 6060 6950 3961.5 13.48 14.69 157.29 190
v REF 0% 6220 6150 6980 3978.6 8.43 13.50 157.97 191
wn
E 6340 6250 7180 4164.4 9.68 14.88 158.72 189
EJ) 6580 6470 7340 4183.8 12.64 13.45 166.12 191
Z SBR 9% 6610 6520 7360 4195.2 10.71 12.88 166.57 190
6550 6440 7190 4098.3 14.67 11.65 162.72 188
Copyright © 2013 SciRes. 0JCM



The compressive strength and water absorption values
for the hollow blocks, molded in laboratory, showed
nearest results concerning to the minimum and maximum
values suggested by the Brazilian Standard for non-bear-
ing blocks, that is 2.5 MPa and 10%, respectively. Hol-
low blocks produced in the industry employing the same
blend presented smaller compressive strength (1.5 MPa)
than the ones molded in laboratory. This fact may be
assigned to the hardening process because if it is inade-
quate, there is a great possibility of early water evapora-
tion, provoking damage on the block’s structure, due to
the greater porosity of the composite.

3.2. Ultrasonic Pulse Velocity (UPV)

In order to measure the ultrasonic pulse velocity (UPV),
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three possible directions of wave propagation were con-
sidered (longitudinal, transversal and perpendicular) as
shown in Figure 1.

In the longitudinal direction, the measurements were
checked at four positions (Pos 1, Pos 2, Pos 3 and Pos 4),
as shown in Figure 2.

In the hollow blocks produced with E. grandis and rice
husks there were differences in the UPV values between
positions 1 and 2 (upper part of the hollow block) and
positions 3 and 4 (lower part of the hollow block), with
the higher values corresponding to the lower part of the
hollow blocks, for the same age (7 days). The higher
moisture content at the lower part of the hollow blocks
(gravity effect) probably favored the cement hardening in
this region. For the hollow blocks from P. caribaea,
there was practically no significant difference between
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Figure 1. Three possible directions of wave propagations.
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Longitudinal UPV (km s™)

Figure 2. Longitudinal measurements of UPV across the hollow blocks.
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the values obtained at the different points of measuring.
The lower values of UPV were obtained in the hollow
blocks from E. grandis and from P. caribaea correspond-
ing, in average, to approximately 1.97 km's™' and 1.87
km-s™', respectively. The UPV obtained for rice husk
hollow blocks presented an average value of approxi-
mately 2.64 km's™'. The addition of the polymer did not
show a significant influence in the magnitude of the UPV
value.

In the transversal direction, the measurements were
checked at six positions (Pos 5, Pos 6, Pos 7, Pos 8, Pos 9
and Pos 10), as reported in Figure 3.

As similarly related for P. caribaea, the hollow blocks
produced with E. grandis and rice husk presented differ-
ences between the values of UPV in positions 5, 6 and 7
(upper part of the hollow block) and positions 8, 9 and 10
(lower part of the hollow block), with the higher values
corresponding to the lower part of the hollow blocks, for
the same age (7 days). The smallest values of UPV were
obtained for hollow blocks of E. grandis and P. caribaea
corresponding, in average, to approximately 2.10 km-s™'
and 2.04 km-s ', respectively. The average value of the
UPYV for the hollow blocks of rice husk presented an ave-
rage value of, approximately, 2.80 km's ', The addition
of the polymer did not show significant influence on the
UPV magnitude.

In the perpendicular direction the measurements were
checked at six positions (Pos 11, Pos 12, Pos 13, Pos 14,

Pos 15 and Pos 16), as presented in Figure 4.

The values obtained at the points with positions per-
pendicular to the hollow blocks did not show significant
differences.

A reasonable uniformity was observed in the values
obtained for each type of hollow block. The smaller val-
ues of UPV were obtained for the hollow blocks from E.
grandis and from P. caribaea corresponding in average
to 1.44 km's™' and 1.69 km-s', respectively. The UPV
obtained on the hollow blocks from rice husk presented
an average value of 1.98 km-s™'. The addition of the po-
lymer did not show significant influence on UPV.

4. Conclusions

The compressive strength and water absorption values of
the hollow blocks, molded in laboratory, showed nearest
results concerning to the values suggested by the Brazi-
lian Standards for non-bearing hollow blocks. However,
the hollow blocks produced in industry do not comply
with the values established by the Brazilian Standards.
Ultrasound test showed the heterogeneity of the hollow
blocks, because there were significant differences in the
UPV according to the considered regions. Hollow blocks
properties depends on several parameters as the phy-
sico-chemical characteristics of the biomass waste, the
cement to biomass waste ratio and manufacturing proce-
dures.
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Transversal UPV (km s'1)

Figure 3. Transversal measurements of UPV across the hollow blocks.
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Figure 4. Perpendicular measurements of UPV across the hollow blocks.
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