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ABSTRACT: The sustainability of intensive swine production demands alternative destinations for
the generated residues. Ashes from swine rice husk-based deep bedding were tested as a mineral
addition for cement mortars. The ashes were obtained at 400 to 600°C, ground and sieved through a
325 mesh sieve (# 0.045 mm). The characterization of the ashes included the determination of the index
of pozzolanic activity with lime. The ashes were also tested as partial substitutes of Portland cement.
The mortars were prepared using a cement:sand proportion of 1:1.5, and with water/cement ratio of 0.4.
Three percentages of mass substitution of the cement were tested: 10, 20 and 30%. Mortar performances
were assessed at 7 and 28 days determining their compressive strength. The chosen condition for
calcinations at the laboratory scale was related to the maximum temperature of 600°C since the resulting
ashes contained vitreous materials and presented satisfactory values for the pozzolanic index under
analysis. The pozzolanic activity indicated promising results for ashes produced at 600°C as a
replacement of up to 30% in cement masses.
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CINZASDE CAMA SOBREPOSTA DE SUINOSCOMOADICAO
MINERAL EM ARGAMASSASDE CIMENTO

RESUMO: A sustentabilidade das regides de producdo intensiva de suinos requer destinos alternativos
para os residuos gerados. Cinzas de cama sobreposta de suinos a base casca de arroz, foram testadas
como adi¢cdo mineral em substituicdo ao cimento. As cinzas foram obtidas nas temperaturas de 400 a
600°C, moidas e passadas por peneira ABNT 325 (# 0,045 mm). A caracterizagdo de cinzas incluiu a
determinacdo do indice de atividade pozolanica com a cal. As cinzas também foram testadas como
substitutos parciais de cimento Portland. As argamassas foram preparadas na proporgéo cimento:areia
de 1:1,5 e com fator agua-cimento de 0,4. Trés porcentagens de substituicdo do cimento comercial
foram usadas: 10, 20 e 30% em massa. O desempenho das argamassas foi avaliado aos 7 e aos 28 dias
com a determinagdo da resisténcia a compresséo axial. A condi¢do escolhida para calcinagbes em
escala laboratorial foi associada a temperatura maxima de 600°C, uma vez que as cinzas resultantes
continham material vitreo e apresentavam valores satisfatorios para o indice de pozolanicidade em
andlise. A atividade pozolanica indicou resultados promissores para as cinzas produzidas a 600°C e
com substitui¢ao de até 30% em massa de cimento.
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INTRODUCTION

Environmental sustainability in intensive pro-
duction areas is a challenge for swine producers. Ac-
cording to data of the Swine Breeders Association
from the State of Rio Grande do Sul, Brazil, the num-
ber of animals ready for consumption increased
1,000% in some municipal districts in the last five
years (ACSURS, 2005), demanding alternative ways
for the utilization of the generated residues.

The production of swinesin deep bedding elic-
its the use of excrements for manuring instead of dis-
carding them in the environment. Deep bedding usu-

aly includes rice husk, sugar cane bagasse or other
available straws. However, the use of the deep bed-
ding for fertilization is restricted to intensive planted
areas and can cause soil and water contamination as
a result of high content of organic and chemical ni-
trogen (Konzen et al., 2002). In association with con-
siderable costs, storage and transportation difficulties,
this fact demands for alternative destinations for swine
bedding.

Calcination is a common way to reduce the
volume of these materials. If this operation is carried
out under controlled atmosphere and temperature, the
generated ashes can meet the requirements for spe-
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cific usesin civil construction (Ghavami et a., 1999).
A good example is the incorporation of the ashes or
other residual material with pozzolanic activity in
cementitious composites for the improvement of their
properties and of their durability as well. The use of
those pozzolans can also contribute to the economy
of energy and reduction of the environmental contami-
nation usually related to the ordinary cement industry
(John & Zordan, 2001).

The objective of this study was to evaluate dif-
ferent calcination temperatures (400 - 600°C) of swine
deep rice husk bedding and the performance of the
obtained ashes as partial substitutes for Portland ce-
ment.

MATERIAL AND METHODS

Rice husk swine deep bedding was collected
in the municipal district of Rio Verde, State of Goiés,
Brazil (17°47" S; 50°55' W, 715 m altitude), coming
from two finished swine lots at the final production
stage. The average content of animal manure in the
bedding varied from 40 to 50% (m/m). Its
bromatological composition was determined as recom-
mended by AOAC (1996).

Ashes were produced by calcination of the bed-
ding material in a muffle (Elektro Therm brand, Linn
model, with controller model 50RP) with a heating
ramp of 10°C min™ and a stabilization temperature dur-
ing 2 h, followed by gradual cooling. Three different
temperatures were used for calcination: 400, 500 and
600°C. The ashes were ground in aball mill with steel
grinding mediafor 1 h and then passed through a 325
mesh sieve (# 0.045 mm). The physical characteriza-
tion of the burned residues included the determination
of density in accordance to Brazilian Standards NBR
NM10 (ABNT, 2004), specific surface area using the
Blaine air permeability apparatus according to NBR
NM76 (ABNT, 1998), and particle size analysis by the
sieving process NBR NM248 (ABNT, 2003b). The
ashes were also submitted to: (i) chemica anaysis, ac-
cording to NBR NM10 (ABNT, 2004); (ii) X-Ray dif-
fraction (XRD) carried out by a PANalytical equipment,
model X’ Pert PRO, operated with iron K-alpha radia-
tion, 30 kV and 30 mA, scanning between 26 15° and
110°, with X’ Celerator detector. The analysis of the X-
ray diffraction (XRD) has a qualitative character because
it is based on the identification of substances (crystal-
line phases) present in each sample. The peaks that ap-
pear in the diffractograms are characteristic for each
substance. In the case of the rice husk ash, the absence
of big peaks indicates the amorphous silica. The identi-
fication of crystalline phases was obtained by compari-
son of the sample diffractogram with the database of

ICDD (2003); (iii) scanning electron microscopy (SEM)
as described by Anjos et al. (2003), for the observation
of the influence of calcinating temperatures on the mor-
phology of calcinated ashes; (iv) carbon content, de-
termined by the gravimetric method, by titration using
barium hydroxide solution as described in Vogel &
Jeffery (1989).

The mortar production demanded CH-I lime
type (density = 2.42) following the NBR 7175 (ABNT,
2003a) specifications, CP-11F cement type (density =
3.10) with carbonatic addition according to NBR 11578
(ABNT, 1991), normalized river sand (density = 2.61)
as specified at NBR 7214 (ABNT, 1982) and
polycarboxylate superplasticizer (solid contents of 30%
and density = 1.12).

The index of pozzolanic activity of the ashes
was performed with lime. This test followed the pro-
cedures defined in the Brazilian Standards NBR 5751
(ABNT, 1992) for the direct measurement of the
pozzolanicity degree based on the axial compressive
strength of the mortar specimens (NBR 7215, ABNT,
1996) at 7 days of total age. The mortar formulation
was defined to contain one part of lime and nine parts
of normalized sand by mass. By volume, the amount
of ashes was twice as much as that of lime. The wa-
ter amount in the mortar was chosen to correspond
to the consistency index of (225 + 5) mm in the flow
table test (NBR 7215, ABNT, 1996). The relation be-
tween water and binder (lime + ashes) content was
equal to 0.48 (m/m).

The study of cement-based mortars observed
the % influence of the commercial cement substitu-
tion by the pozzolanic material obtained at 600°C. The
mortars were prepared in a 1:1.5 binder:sand propor-
tion, and with a water-binder factor of 0.4. The amount
of superplasticizer in the mixture was chosen to reach
the consistency index of (225 + 5) mm in the flow
table test (NBR 7215, ABNT, 1996). Three substitu-
tions of cement were tested: 0, 10, 20 and 30%
(m/m). Three repetitions were molded for each mix-
ture for the determination of the compressive strength
after 7 and 28 days of age under curing by immersion
in cold tap water.

RESULTSAND DISCUSSION

Bromatologic composition

The bromatologic composition of the swine
deep bedding (% by mass) resulted in: dry matter at
105°C, 90.07; crude protein, 13.25; crude fiber, 23.48;
ether extract, 0.50; mineral matter, 28.50; acid deter-
gent fiber, 45.41; neutral detergent fiber, 53.17; and
lignin, 12.24. The mineral matter is related to the mass
of ashes resulting from calcination. It is obtained by
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heating the sample at 600°C during 4 h or until the to-
tal organic components combustion (AOAC, 1996).

Ash characterization

The average density of the ashes was equal to
2.16. The specific surface areas were equal to 154;
93 and 21 m* g™ for the ashes deriving from the cal-
cinations at 400, 500 and 600°C, respectively. Nagai
et al. (1998) reported specific surface area of approxi-
mately 147 m* g™ for husk ashes calcined at 400°C,
of 5m°g" at 700°C, and values varying from 0.4 to
0.8 m*g™ at calcination temperatures higher than 900°C.
The tendency of reduction of the specific surface area
is related to the particle agglomeration with tempera-
ture increase. The moisture content of the air-dry ashes
was around 3% (m/m), no matter the calcination tem-
perature. Della et al. (2001) considered the range of
moisture from 1 to 4% as acceptable. Table 1 presents
the results of the particle size distribution of the dry
ashes by mesh sieving after preparation by grinding
for 2 h.

The ashes from the three cal cination conditions
showed similar compositions (Table 2). The loss due
to ignition for the three calcination temperatures are
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9.2% (400°C), 9.4% (500°C) and 9.7% (600°C), and
the average carbon content was 8.6% (400°C), 8.8%
(500°C) and 9.0% (600°C). The increase or decrease
in the amount of carbon in the rice husk ash is a con-
sequence of the availability of free oxygen during the
combustion process. The sum of silica, auminum and
iron oxides contents varied from 68 to 70%, which is
near to the 65% inferior limit of these oxides defined
by ASTM C-618 (2003). The high content of sodium
and potassium oxides are not desirable for several ap-
plications as they can bring potential problems of ef-
florescence and alkali-aggregate reaction in cement
based mortars (Taylor, 1997). The high content of cal-
cium, phosphorus, aluminum and iron oxides are not
in agreement with the chemical composition of rice
husk ashes found in the literature (John et al., 2003
and Salas et a., 1988). Such a discrepancy could be
understood by the presence of manure and food
wastes in the swine deep bedding. Konzen et a. (2002)
determined the following composition of nutrients in
the swine deep bedding (kg t™): nitrogen, 29.6; phos-
phorus, 40.0; potassium, 37.5; calcium, 22.0 and mag-
nesium, 6.9.

Table 1 - Particle size distribution of swine deep bedding ashes obtained at three temperatures and after grinding.

Retained content (% by mass)

Mesh # Dimension
400°C 500°C 600°C
mm
16 1.00 1.2 0.9 0.5
32 0.50 6.3 5.3 4.7
60 0.250 21.7 20.4 19.8
200 0.075 23.9 22.2 21.3
325 0.045 33.7 32.7 29.7
Passing 325 13.2 18.5 20.2
Table 2 - Composition (% by mass) of deep bedding ashes obtained at temperatures.
. Calcination temperature (°C)

Oxides

400 500 600
Na,O 1.39 1.37 1.39
MgO 1.42 2.00 1.85
ALO, 21 19.11 18.96
SiO, 42.97 43.39 45.12
PO, 7.33 8.17 7.09
SO, 0.53 1.09 1.13
KC1 2.49 2.29 2.56
K,0 3.16 3.19 3.59
CaO 8.37 8.14 9.87
TiO, 2.03 1.96 2.04
MnO 0.35 0.24 0.18
Fe O, 5.2 4.89 5.20

Sci. Agric. (Piracicaba, Braz.), v.65, n.2, p.109-115, March/April 2008



112 Di Camposet al.

The limit values for the chemical composition
of silicafume as stated in the Brazilian Standards NBR
13956 (ABNT, 1997), did not reach the minimum
amount of silica (Table 3). The comparison of the ex-
perimental results with the limits suggested by the in-
ternational Standards ASTM C-618 (2003) for calcined
natural pozzolans and coal fly ashes seems to be more
appropriate for the residual material under evaluation.

The deep bedding ashes presented values of
loss by ignition higher than the recommended limit as
shown in Tables 2 and 3. Dafico (2001) and Ismail &
Waliuddin (1996) encountered values of 11.8% and
8.9% in their determinations on the loss by ignition of
rice husk ash. According to Oda (2003), this fact is
not a problem and it only indicates that the time of cal-
cination was not enough for the total removal of the
carbon under determined calcination conditions, even
if the temperature is equal to that considered as ideal.
The dark color of the ashes indicate the presence of
carbon.

The X-ray diffraction analyses indicate peaks
of crystalline compounds based on silicon (Figure 1),
auminum, calcium and iron, which could be related
to the main ash constituents (Table 2). The X-ray pat-
terns for 400°C and 500°C presented two different
forms of silica: quartz and coesite. At 400°C o quartz
and at 500°C 3 quartz were detected, however, in both
cases the quartzes are in the crystalline form. Dafico
(2001) observed this transformation from o to § quartz
at 573°C in a study of rice husk ash. In the present
case the transformation of phase took place at lower
temperatures than 500°C, probably due to the impuri-
ties of the material under consideration. At 600°C [
quartz and coesite still remained present in the X-ray
patterns and at this temperature hedenbergite (Calcium
Iron Silicate - Ca FeSi,O,) and a polymorph forma-
tion were also detected with the increase of the tem-
perature with hexagonal structure (beta-tridymite).
Cristobalite was not observed in the present range of
temperatures from 400 - 600°C.

The presence of reactive (vitreous) or inert
(crystalline) silicais directly related to the temperature
and method used for ash production. Dellaet al. (2001)
noticed the vitreous silica predominance in the rice
husk ash composition resulting from the exposure to

Table 3- Limitsfor the chemical composition of pozzolanic
material asrecommended in the Brazilian Standards
NBR 13956 (ABNT, 1997).

Component Limit (%)
Sio, > 85.0
Loss on ignition (%) <6
Alkaline equivalent in Na,O > 1.5

high temperatures in the interval from 500 to 700°C
and during short periods of time. Mehta (1992) car-
ried out experimental studies aiming to the determina-
tion of optimum conditions of calcination for the pro-
duction of ashes with pozzolanic reactivity. The results
indicated the predominance of amorphous silica with
internal porosity varying from 50 to 100 m* g* mea-
sured with nitrogen adsorption, for calcination tem-
peratures in the interval of 500 to 700°C.

The images produced by SEM provide a vi-
sual indication of the distribution of the particle sizes,
but this technique is very difficult to be used as a rou-
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Figure 1 - X-ray diffractions of ashesmaterial (a,b,c) obtained at
three temperatures.
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tine method (Oda, 2003). The SEM analyses (Figure
2) indicate the presence of rounded grains. This mor-
phology could be favorable for packing with other con-
stituents of cement based materials and also for poz-
zolanic reactions with calcium hydroxide released from

c) 600°C
Figure 2 - SEM of ash material (a,b,c) obtained in three
temperatures.

cement hydration (Taylor, 1997). One could observe
that the particles are agglomerated, but it is possible
to distinguish the spherical morphology of the grains.
The dimension of grains was lower than 0.045 mm
(passing thru # 325 sieve). Oda (2003) obtained par-
ticleswith dimensionsin the 0.1-0.5 um interval when
studying rice husk ash addition to Portland cement
matrixes.

Index of pozzolanic activity with lime

The pozzolanicity index acquisition with lime
for the ashes produced at the three different tempera-
tures (Table 4) shows that the material is considered
a pozzolan if the mechanical strength of the mortars
molded in cylindrical specimens and tested in axial
compression is equal or greater than 5.5 MPa at 7
days (NBR 5751, ABNT, 1992). The pozzolanic ac-
tivity increased in an almost linear way inside the cho-
sen range of temperatures. The 400°C calcination re-
sulted in mortars under the inferior acceptable limit.
At the 500°C calcination, the performance of the mor-
tar was equal to 5.5 MPa. The increase of the calci-
nation temperature to 600°C resulted in satisfactory
performance of the ashes, which is similar to that
obtained with commercial silica fume (compressive
strength of 6.2 MPa) in another stage of this experi-
mental work (Di Campos, 2005). Salas et al. (1986)
obtained average results of 7.0 MPa, when they tested
the rice husk ashes (7 days of age) incinerated at
700°C.

Mechanical performance of cement-based mortars

The compressive strength of cement-based
mortars with 7 and 28 days of age are depicted in
Table 5. Ashes obtained at 600°C were applied in three
different amounts as partial substitutes of the main
binder. A control series with 0% (m/m) of ashes
achieved 24.9 and 28.1 MPa of average compressive
strength at 7 and 28 days, respectively.

Mortars with partial substitution of cement by
ashes at the age of 7 days showed compressive
strength in excess of 30 MPa. This mechanical be-
havior can be a consequence of both chemical reac-
tion of pozzolanic material and packing effect due to
the mixture of particles with different dimensions.
The chemical reaction of the constituents of ordinary
Portland cement and between the calcium hydroxide
originated from OPC hydration and the vitreous silica
are the main reason for the increase of the mechani-
cal strength from 7 until 28 days of age. The reac-
tion of silica fume is slower than the hydration of
OPC because it depends on the liberation of the cal-
cium hydroxide originated from OPC hydration (Tay-
lor, 1997).
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Table 4 - Compressive strength of mortars produced with lime and ashes.

Calcination temperature (°C)  Specimen

Compressive strength (MPa)

Individual results Averages
1 4.4
400 2 4.4 4.6
3 5.0
1 5.7
500 2 5.7 5.5
3 5.2
1 6.7
600 2 6.2 6.4
3 6.4
NBR 5751 5.5
Table 5 - Compressive strength of mortars produced with cement and ashes.
Compressive strength (MPa)
32?65 content Specimen Individual results Averages
7 days 28 days 7 days 28 days
1 30.1 34.9
10 2 30.1 37.2 30.5 35.7
3 31.2 35.0
1 34.1 33.8
20 2 33.9 31.9 33.8 34.4
3 33.4 37.6
1 32.2 38.2
30 2 32.9 33.8 32.5 35.5
3 32.5 34.6
Control 24.9 28.1
The apparent difference between the three se- CONCLUSIONS

ries with 10, 20 and 30% of ashes content can be
explained by the use of the average result for each
series. There is a considerable variation between the
individual results of each series under analysis (Table
5). In the relation to technology of cement based ma-
terials it is acceptable to consider the highest indi-
vidual value as the potential strength since the smaller
results could be a consequence of improper prepa-
ration of the specimens. According to this approach
one could consider that there is no significant differ-
ence between the compressive strength of the three
mortars with partial substitution of OPC for 7 and
28 days of age.

Although the specimens of mortar with 10%
of ashes reached the higher average strength at 28
days, the corresponding values for 20 and 30% of
substitution were very similar and should not be dis-
regarded in this exploratory study. These results are,
at least, 22% greater than the control series of
strength.

Ashes from calcination of rice husk deep bed-
ding contained 42% (m/m) of silica oxide and the sum
of silica, duminum and iron oxides was in the vicinity
of 70% (m/m). These figures are lower than those ob-
tained from sole rice husk calcination and such char-
acteristics can be explained by the presence of manure
and other impurities in the raw material collected after
swine production. The chosen condition for calcination
at the laboratory scale was related to the maximum tem-
perature of 600°C as the resulting ashes contained vit-
reous material and presented satisfactory values for the
pozzolanic index under analysis. The compressive
strength of cement based mortars increased in relation
to the reference mortar even for the 30% (m/m) sub-
stitution in Portland cement using the produced ashes.
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