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Abstract  

Resumo

The properties of peanut husk ashes as a potential supplementary material in cement mortars were studied in the laboratory. The ashes were pre-
pared in an electric furnace at 500, 650 and 800 ºC during 180 minutes and used without further treatment. The characterization of ashes includes 
X-Ray fluorescence, X-Ray diffraction, SEM, and determination of pozzolanic activity by conductivity.  The ashes were tested in mortars as partial 
substitute of Portland cement, in a rate of 15 % of substitution. The compression strength of mortars was evaluated between 7 and 120 days, for 
probes prepared using a proportion of cement:sand of 1:3 on weight with water/cement ratio of 0,5 v/v. It was observed that the calcinations condi-
tions influenced the behavior of the ashes, giving better results the ashes obtained at 500 ºC. The compression tests showed values near to 70% 
at 7 days but higher than 80% after 28 days for mortars prepared with ashes, respect to the cement mortar reference.

Keywords: peanut husk ashes, supplementary materials for cement mortar.

Se estudiaron en el laboratorio las propiedades de las cenizas de cáscaras de maní como un potencial material suplementario para morteros de 
cemento. Las cenizas fueron preparadas en un horno eléctrico a 500, 650 y 800 °C durante 180 minutos y utilizadas sin ningún acondicionamiento 
posterior. La caracterización de las cenizas incluye Fluorescencia de Rayos-X, Difracción de Rayos-X, Microscopia Electrónica de Barrido (SEM) y 
determinación de la actividad puzolanica por conductimetria. Las cenizas fueron ensayadas en morteros reemplazando un 15% de este material por 
cemento Portland. Se prepararon probetas usando una proporción cemento:arena 1:3 en peso con una relación agua/cemento 0,5 v/v. Las probetas 
fueron ensayadas para determinar la resistencia a la compresión a edades entre 7 y 120 días. Se observó que las condiciones de calcinación de las 
cáscaras de maní influyen en el comportamiento de las cenizas, siendo 500 °C la temperatura óptima de calcinación. Los ensayos de resistencia 
a la compresión arrojaron valores cercanos al 70 % respecto del patrón a los 7 días y mayores al 80% luego de 28 días para morteros preparados 
con cenizas.

Palavras-chave: cenizas de cáscaras de maní, material suplementario para morteros de cemento.
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1. introduction

Peanut husks (Arachis Hypogaea) are an abundant agroindustrial 
waste in the region of Córdoba, Argentina, concentrating the 95% 
of the country’s peanut production. Almost 1 million tons were pro-
duced in 2011, generating around three hundred thousand tons of 
husks as waste (Cámara Argentina del Maní, 2012) [1].  Nowa-
days, peanut husks are used in the elaboration of panels [2], pro-
duction of feed lots and for the manufacture of activated carbon 
[3]. The main use is as fuel in industrial processes, which gener-
ates an important amount of ashes used as landfill without added 
value, estimating a production of thirty tons per day of waste [4].                                    
The cement industry is considered as highly contaminating, and 
several developments have been achieved in order to make the 
technologies of construction involving this binder material becomes 
more sustainable [5]. In this sense, the use of supplementary ma-
terials for cement has been widely recognized as a sustainable 
alternative. In general, ashes from industrial processes (fly ashes, 
silica fume, slag, etc.) have demonstrated very good properties 
as pozzolans, because they exhibit binder behavior. This sort of 
ashes have been studied for many years with interesting results 
regarding the physical and mechanical properties and the durabil-
ity of mortars containing these materials as supplement [6, 7, 8, 
9, 10, 11]. 
In addition, ashes from agro industrial wastes are also being used 
as supplementary binder materials, and many research works 
have been done upon these wastes, for instance rice husk ashes 
[12, 13, 14,  15, 16] , wheat straw ashes [17] , sugarcane bagasse 
ashes [18, 19, 20], palm oil ashes [21], dust wood ashes [22]. It 
has been demonstrated that cement added with these ashes have 
a similar or better behavior than normal concrete at ages beyond 
28 days. 
It is well known that the pozzolanic properties of the ashes will 
depend on its chemical composition, parameter associated to the 
nature of agro industrial waste, and to its morphology and crys-
tallographic properties, parameters associated to its burnt condi-
tions[23].
Very few studies have been done upon peanut husk ashes. Iso-
lated examples explore the use of this waste for heavy metal re-
moval [24], or in degumming and refining soy oil [25]. Also, none 
significant literature was found about its potential use as a supple-
mentary material for mortars, finding only a description as a poz-
zolans type N  [26] but with limited information about its charac-
terization. The objective of this study was to characterize chemical 
and morphologically the peanut husk ashes prepared in laboratory 
controlled conditions and determine its pozzolanic behavior, in or-
der to evaluate its potential use as a supplementary material for 
cement of mortars. This work includes the physical, chemical and 
morphological characterization of ashes prepared at 500, 650 and 
800 ºC, the pozzolanic behavior for conductimetric method and the 
compression strength tests of mortars resulting of the replacement 
of a 15% of cement with ashes at different ages, for corroborate 
the results.

2. Materials and experimental program

2.1 Materials used

The peanut husks were provided by Maglione e Hijos S.R.L, from 

its production plant located on Las Junturas, Córdoba, Argentina. 
The husks were milled and only those retained on the 1 mm sieve 
were used. The Ashes were prepared calcinating husks in an elec-
tric furnace at 500, 650 y 800 ºC (PH-1, PH-2, PH-3, respectively), 
with a heating rate of 10 ºC/min, and kept at the scheduled tem-
perature for 3 hours. At the end of this process, the ashes were 
cooled by opening the oven until reaching the room temperature, 
and used without further conditioning. Ordinary Portland Cement 
(OPC) type CPF 40 provided by Holcim conforming IRAM 50000 
norms was used. Grade river sand with fineness modulus of 4.98 
determined according IRAM 1505 norms, and specific gravity of 
2.65 determined according IRAM 1520 norms, was aggregated.  
Ca(OH)2 Anhedra (analytical grade) and H2O MilliQ quality were 
used for conductivity tests.  Cement mortars were made using wa-
ter from line supply, without purification.

2.2 Testing procedures

2.2.1 Physical and chemical analysis of ashes

The ashes particle size distribution was determined by gravimetric 
assay according to IRAM 1505 norms, using a 0.001 g precision 
balance. The ashes specific gravity was determined according 
IRAM 1520 norms. The ashes mineralogical analysis was carried 
out by X-Ray diffraction (XRD) analyzing the samples prepared in 
random mounts in a Phillips X-Pert PRO PW3040/60 diffractome-
ter, with Cu Kα X-ray radiation, Si monochromator, at 40 Kv and 30 
mA, step scan at 0.3º/min and step size of 0.02 º 2θ. Peaks assign-
ment was made by comparison using the data base of the software 
X`Pert Highscore . Microstructure morphology was observed with 
a scanning electron microscopy (SEM) using a FE-SEM Σigma ap-
paratus. Chemical composition was determined by X-Ray fluores-
cence (XRF) using a Phillips PW 1400 equipment, and comparing 
the intensities of signals with standard references samples.

2.2.2 Pozzolanic activity by conductimetric test

The pozzolanic activity of ashes was evaluated according to the 
basic method which consist in evaluating the conductivity of a 
Ca(OH)2 solution in presence of the pozzolanic material and the 
evolution of this parameter on time [27]. We used the modifica-
tion proposed by Payá et al. [28] for ashes with high content of 
ions, which evaluate the conductivity by a period of 600 h. For this 
experience 200 mL of a Ca(OH)2 solution with a conductivity value 
of approximately 7 mS/cm was kept at 40 ±1 ºC with continuous 
stirring. Then, 5 g of pozzolanic material were added to the solu-
tion, and the conductivity was registered over time (sample A).  On 
the other hand, the same experience was carried out evaluating 
the conductivity of the pozzolanic material in MilliQ water (blank 
B). Finally the pozzolanic behavior of the material was estimated 
analyzing the graphic obtained by the difference between sample 
A and blank B (A-B). 

2.2.3 Compressive strength

Compressive strength tests were carried out according to IRAM 
1622 norms. Prismatic test specimens of 4x4x16 cm were made 
by replacing 15% of cement with previously described ashes: PH-
1, PH-2, and PH-3. A binder:sand proportion of 1:3 on weight and 
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a water/cement (W/C) rate of 0.5, was used. The specimens were 
compacted using a vibrating table, and then covered overnight 
with wet plastic sheets. After twenty four hours, the probes were 
removed from their molds. Finally the probes were cured in water 
at 20 ºC until the point of test ages of 7, 14, 28, 60, 90 and 120 
days. Compressive strength tests were carried out in a 30 t essay 
press, where each specimen was compressed and the maximum 
sustained load was registered. Three specimens were tested at 
each testing age and the average value was reported. The data is 
accepted when measurements have a CV<5% (coefficient of varia-
tion), and we apply de Grubbs Contrast to discard suspected point 
with a confidence interval of 95%. 

3. Results and discussions

3.1 Physical and chemical analysis of ashes

The ashes particle size distribution curves are shown in Fig. [1]. 
It is noted that the particles of ashes without grind, have a hetero-
geneous distribution and that the major percentage is around 100 
and 200 mm. The specific gravity test of ashes PH-1, PH-2, PH-3 
showed an average value of 0.39 g/cm3. 
The mineralogical analysis of ashes carried out by X-ray diffraction is 
shown in Fig. [2], Fig. [3] and Fig. [4], for PH-1, PH-2 and PH-3 respec-
tively.  Small quantities of crystal-phases, as Quartz (Q), Cristobalite 

Figure 1 – Particle size distribution 
of peanut husk ashes

0 100 200 300 400 1880 1900 1920 1940 1960 1980 2000

0

50

100

 PH-1
 PH-2
 PH-3

%
 P

a
ss

in
g
 s

ie
ve

Particle size, mm

Figure 2 – X-Ray diffraction of PH-1
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Figure 3 – X-Ray diffraction of PH-2
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Figure 4 – X-Ray diffraction of PH-3
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(C) and SiO2, are present in all cases, but their intensities are more 
significant at 800 ºC, which is consistent with the reported by Martirena-
Hernandez et al (2000) [13]. Crystal phases of Al2O3 were observed in 
PH-3 but not in PH-1 and PH-3. There are no significant crystallograph-
ic pattern differences between ashes obtained at 500 ºC and 650 ºC.
Fig. [5] shows the PH-1 SEM microscopy images with a 700 X and 
10 KX magnifications. Due to the similar superficial characteristics 
of PH-2 and PH-3 with PH-1, their images are not shown. It is seen 
that unmilled ashes exhibit a heterogeneous surface at 700 X. And 

even presenting particles without a defined shape, they maintain 
some characteristic such as the husks structure. At 10 KX a more 
homogeneous surface with micropores is observed.
Chemical composition of ashes determined by X-Ray fluorescence 
is presented in Table [1].
The sum of silica, aluminium, and iron oxides contents is in all cas-
es almost a 50% of the total, corresponding to a type C pozzolan, 
according to ASTM-C618 norms. The content of alkali oxides K2O 
and Na2O is higher than 1.5% permitted by norm, making it not 
advisable for some applications, because of the undesirable alkali-
aggregate reaction in cement mortars [29, 30]. On the other hand, 
the high content of MgO might give expansive reactions [31], an 
undesirable property of cement mortars. The main disadvantage 
of this type of ashes is the low content of SiO2  in comparison with 
other ashes from burnt agro-industrial wastes [32]. 

3.2 Pozzolanic activity by conductimetric test

The pozzolanic behavior of ashes was rudely determined by the 
reactivity in an unsaturated lime solution at 40 ºC. The graphics of 
conductivity versus time for PH-1, PH-2 and PH-3 in lime solution 
(A), in H2O (B), and the difference between both graphics (A-B) 
are presented in Fig. [6], Fig. [7] and Fig. [8] , respectively.  An 
important increment on conductivity for ashes in pure water is ob-
served, probably due to the presence of CaO, K2O, and other ions 
in smaller proportions, which are dissolved in water in these condi-
tions. This effect was taken in account in the estimation of conduc-
tivity decrement for lime solution after the reaction with ashes. The 
difference between these graphics (A-B) showed clearly the reac-
tion of consumption of Ca++, typical for pozzolanic materials. In the 
period of time evaluated, the conductivity decreased up to 1-2 mS/
cm in all cases, but it is worth noting a little difference on PH-1 con-
ductivities, which might be attributed to a better pozzolanic behav-
ior for this ashes prepared at 500 ºC, Fig. [9]. These observations 
agree with X-Ray diffraction graphics, which indicate the bigger 

Figure 5 – SEM of PH-1 at 700 X and 10 KX

Table 1 – Composition % by mass, 
of ashes PH-1, PH-2 and PH-3

Oxides PH-1 PH-2 PH-3

SiO2 34,1 35,8 36,6

Al2O3 11,6 10,8 10,3

Fe2O3 1,9 1,95 2,2

CaO 13,1 13,7 18,1

K2O 7,1 7,3 6,4

MgO 7,3 5,7 7,2

MnO 0,2 0,3 0,3

Sr ppm 570 555 548

Pb ppm 28 17 16

Zn ppm 168 151 143

Cu ppm 28 21 25

Ni ppm 8 6 6

Cr ppm 16 15 15

Ba ppm 1050 1059 1015
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presence of amorphous silica at low temperatures meaning a bet-
ter pozzolanic behavior, as was also reported by other authors[33].

3.3 Compressive strength

The Table 2 shows the results of compressive strength tests for 
mortars made with PH-1, PH-2 and PH-3, together with the speci-
men without ashes, M0.
The behavior of compressive strength is similar for MPH-2 and MPH-
3 between 7 and 120 days. The compressive strength of MPH-1 is 

slightly minor than the others at shorter times, improving its behavior in 
longer periods, reaching a greater value than M0 at day 120, Fig. [10].
The Fig. [11] shows the behavior of mortars and the compression 
strength limit established by IRAM 1654 norms, for mortars with ad-
dition of pozzolanic material. The norm establishes as an acceptable 
behavior a value of 75% strength respect to reference mortar M0.  
MPH-2 and MPH-3 showed acceptable values, above 75% respect to 
M0 in all tests, with a behavior near to 85% at day 120. Despite that 
MPH-1 showed a value below 75% at day 7, its behavior at older ages 
increased significantly, reaching a value higher than M0 at day 120.

Figure 6 – Conductivity of ashes, graphics (A-B)
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Figure 7 – Conductivity of ashes, graphics (A-B)
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Figure 8 – Conductivity of ashes, graphics (A-B)
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Figure 9 – Conductivity of ashes, graphics (A-B)
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4. Conclusions

The ashes of peanut husks might be used as supplementary mate-
rial for cement, because they have a chemical composition accord-
ing to pozzolans type C, although the alkali content is a little high 
and could give unwanted reactions of the type alkali-aggregate in 
cement, therefore levels of addition should be low. The morphology 
of ashes depends on the burnt temperature of husks, therefore it is 
advisable to control this parameter to avoid the formation of crys-
talline phases in order to increase the reactivity of the ashes, being 
500 ºC a suitable temperature for the calcinations. The ashes can 
be added to cement up to 15% without altering the mechanical 
properties of compressive strength of mortars and keeping the val-
ues permitted by the norm for Argentina.
The addition of peanut husk ashes to local manufacture of cement 
is presented as a potential alternative to decrease the environmen-
tal pollution associated with the production process, also adding 
value to an abundant regional waste, providing important econom-
ic and environmental benefits.

Additional studies on the mechanical and physical properties of 
mortars added with different dosages of peanut husk ashes are 
being carried out, and will be published in the future.
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