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Abstract 

Portland cement is one of the most used material in the world. Due the environmental problems related to 

its use, such as CO2 emission and use of non-renewable raw materials, new materials are being 

researched. In this context, an alternative is the use of pozzolanic materials replacing partially the 

Portland cement. Wastes from agroindustry are being studied as pozzolanic materials, and this paper try 

to analyze the potential use of the sugar cane straw ash (SCSA) as replacement product. This material was 

obtained from the autocombustion of sugar cane straw. The aim of this paper is to assess SCSA reactivity 

and the mechanical properties of SCSA containing systems. Characterization of SCSA (XRD, chemical 

composition, particle size and microscopy) and reactivity studies on hydrated lime/SCSA and Portland 

cement/SCSA pastes through infrared spectroscopy, thermogravimetry and microscopy tests 

demonstrated the high pozzolanic activity point of view. This reactivity let to reach good mechanical 

properties for mortars in which 15-30% of cement was replaced by SCSA. Compressive strength of 

mortars containing SCSA reached similar values than those found for control mortars in the 3-90 days 

curing period. The results from microstructural and mechanical properties showed that SCSA can replace 

partially the cement Portland. 



Keywords: sugar cane straw ash, autocombustion, Portland cement, microstructural characterization, 

mechanical properties, pozzolanic reactivity, lime paste, cement paste, mortar 

 

1. Introduction 

 

Portland cement is widely used in the world nowadays, with a global consumption about of 3.7 billion 

tons [1]. In addition, Portland cement production represents 5-8% of total CO2 emission in the world [2], 

and, to produce 1 ton of the binder, 2.8 tons of raw materials are necessary [3]. These information shows 

how important is to reduce cement Portland consumption due the environmental problems caused by its 

production. Hence, alternative materials are being researched to diminish these problems, where one of 

the solutions is the use of pozzolanic materials replacing partially the Portland cement. 

 

A long time ago, pozzolanic materials were used firstly in Roman Empire, when natural pozzolans were 

mixed with lime to create a strength and durable material in civil building [4-6]. Nowadays, the use of 

pozzolans is not only for ecological reasons, but also technological, because this material increases the 

mechanical strength and improve the durability of blended Portland cements [5-17]. There are two main 

types of pozzolanic materials: natural and artificial. Natural pozzolans are related to the residues from 

volcanic activities or deposits of diatomaceous earth, whereas artificial pozzolans are related to products 

(e.g.: metakaolin), byproducts or waste from industry and agroindustry [4].  

 

Examples of byproducts from industry that are widely known as pozzolanic materials are silica fume and 

fly ash [18-20]. Many byproducts made from commodity crops are cheap, plenty, worldwide distributed 

and renewable resources that are suitable for the production of pozzolans: rice husks, sugar cane bagasse 

palm oil wastes, wheat straw, eucalyptus waste, bamboo leaves among others [21, 22]. In this way, these 

agroindustry wastes can be converted into ashes (with or without energy recovery), and researches on 

them are taking part due to good results replacing partially Portland cement [21-26]. In this context, this 

paper presents another agroindustry waste from sugar cane production: the sugar cane straw ash (SCSA).  

 

The problem related to SCSA starts with the production of sugar cane, which is increasing in Brazil due 

the production of sugar, alcohol and energy. In 2003/2004, the sugar cane production in Brazil was 358.7 



million tons and, in 2013/2014, the production expanded to 653.4 million tons [28], which represents an 

increment of 82.2% in the production of sugar cane in only 10 years. The part of the plant that is removed 

during the sugar cane collecting is called sugar cane straw, and it is composed of leaves and the top of the 

plant [29] According to the Center of Strategic Studies Management (CGEE), 1000 kg of sugar cane 

generates 140 kg of sugar cane straw [30]. Since this byproduct is mostly left in the field after the harvest, 

there are researches about new techniques to collect the sugar cane straw in order to generate energy [31]. 

The calorific value of sugar cane straw is in the range of 13-19 kJ/ton [31-33] and can be compared to the 

sugar cane bagasse [34], becoming attractive to generate energy through a burning process. 

 

After the sugar cane straw burning, a waste is generated: the sugar cane straw ash. Studies showed around 

3-5.5 kg of ash are obtained from burning 100 kg of sugar cane straw [33, 35]. Knowing the problems of 

disposal and the high volume of the residue, an appropriate final destination for this ash would be the 

building construction sector as a pozzolanic material, replacing partially the Portland cement. 

 

Some authors previously studied the pozzolanic activity of SCSA and highlighted it is a very reactive 

pozzolan [35-40]. Comparisons among SCSA and other pozzolanic materials from agroindustry have 

been carried out; Martirena et al. [36] compared SCSA and sugar cane bagasse ash (SCBA) in hydrated 

lime-pozzolan pastes. The authors concluded that the SCSA is more reactivity than SCBA at earlier 

curing times through microstructural analysis, and mortars containing SCSA presented higher 

compressive strength after 28 days of curing. In addition, in terms of comparisons, Villar-Cociña et al. 

compared SCSA and rice husk ash (RHA) by a kinetic-diffusive model to evaluate their reactivity. In this 

comparison, authors established SCSA presented better reactivity [37]. 

 

It is well known that the temperature of calcination influences on the pozzolanic properties of ashes. 

Then, some authors studied different preparations of the SCSA. Martirena et al. [38] studied a 

rudimentary incinerator to burn the straw to obtain the SCSA, and compared it to a straw burnt in open-

air. The temperature of burning in the incinerator was 600°C for 1-3 hours, and the remaining ash was 

cooled for 2 hrs. TG, XRD, SEM analysis and compressive strength of pastes let to conclude there are no 

significant differences by using open-air burnt or incinerator, due the long-time in the incinerator  and 

slow cooling process. Frías et al. [35] studied two different temperatures of straw calcination during 20 



minutes: 800°C and 1000°C. Both SCSA obtained were characterized and assessed through lime fixation, 

and authors concluded that both ashes presented similar activity. Guzmán et al. [40] assessed three 

procedures to obtain SCSA: burning at 590°C, at 700°C and combined methods with pre-combustion and 

burning at 700°C. The third method presented the highest amorphous silica content, and the 

corresponding ash was assessed in mortars replacing partially the Portland cement. Authors concluded the 

best content of SCSA in terms of mechanical development was between 10 and 20% of substitution. 

Additional research was carried out on the preparation of pozzolans by calcinations of a mixture of sugar 

cane straw and clay (20-30%): SCSA had a high pozzolanic activity but its reactivity decreased with 

increasing the clay content and calcination temperature [41]. 

 

This interesting field of the reusing of agrowastes in the production of binders requires more research 

related to the reactivity and microstructure of SCSA containing binders. Moreover, easier obtaining 

methods for SCSA are necessary in order to have sufficient amount for preparing different types of 

mixtures. In this work, the main objective is to assess the sugar cane straw ash (SCSA) obtained from an 

autocombustion process as pozzolanic material in blended Portland cement. SCSA was chemically and 

physically characterized, and its pozzolanic reactivity was assessed in pastes of hydrated lime/SCSA and 

Portland cement/SCSA. Finally, compressive strength of mortars with Portland cement/SCSA proportions 

of 100:0, 85:15, 80:20, 75:25 and 70:30 in mass was evaluated for several curing times. 

 

2. Materials and Methods 

 

2.1. Materials  

 

Sugar cane straw was obtained from sugar cane plantations near the city of Ilha Solteira (São Paulo, 

Brazil), and was burned in a furnace by autocombustion without temperature control for 6 hours. The 

maximum reached temperature into the furnace was 700°C, that is very appropriate for removing organic 

matter and stabilize the amorphous phases of the SCSA. Afterwards, the SCSA obtained was passed 

through sieves to remove some unburned material, and the passing fraction was milled for 50 minutes to 

reduce the particle size in order to increase pozzolanic activity [24]. After these procedures, SCSA was 

characterized and assessed in pastes and mortars. 



 

Hydrated lime (Ca(OH)2) used has high purity (> 95% of calcium hydroxide) and was mixed in pastes 

with SCSA in order to evaluate the pozzolanic reactivity. Portland cement used in pastes and mortars was 

the Brazilian Portland Cement CPV ARI, which is composed by more than 95% of clinker and it do not 

contain pozzolans (appropriate for avoiding interferences with with the pozzolanic reaction of SCSA). 

Sand was obtained from Castilho (São Paulo, Brazil) city, and presents a fineness modulus of 2.05 and 

specific gravity of 2667 kg/m³. 

 

2.2. Methods 

 

2.2.1 Chemical and physical characterization of SCSA 

 

Chemical composition of sugar cane straw ash was obtained through X-Ray Fluorescence by means of 

XRF Philips Magix Pro. This test was performed to evaluate percentages of the SiO2 and Al2O3, 

important oxides in the pozzolanic reactivity [4]. To assess mineralogical properties of the sugar cane 

straw ash, X-Ray Diffraction test was carried out. Equipment used was XR Diffractometer Seifert TT, 

using Cu-Kα radiation and a Ni filter, with a voltage of 40 kV and current intensity of 20 mA. The test 

was performed in the 2θ range 5–60° with a step of 0.02º and step time of 2 s/step. Particle size of sugar 

cane straw ash before and after milling was obtained by means of Malvern Instruments Mastersizer 2000: 

mean particle diameter (Dmed) and median particle diameter (D50) were measured for evaluating the 

efficiency of the milling process. SEM micrographs were taken in a JEOL JSM-6300 scanning electron 

microscope. 

 

 

 

 

2.2.2. Preparation and characterization of hydrated lime/SCSA and Portland cement/SCSA pastes 

 

Hydrated lime/SCSA pastes (CH/SCSA) were prepared using the hydrated lime:pozzolan:water 3:7:8 

ratio (by weight), and cured at 20°C with relative humidity (RH) higher than 95%. In Portland 



cement/SCSA mixtures (OPC/SCSA), a proportion of water/cementitious material 0.5 was selected (being 

the cementitious material the sum of OPC and SCSA), and the proportions of OPC/SCSA assessed were 

100/0 (control) and 85/15, both also cured at 20° with RH higher than 95%.  

 

Microstructure of pastes were characterized by three instrumental techniques: Fourier transform infrared 

spectroscopy (FTIR, Bruker TENSOR 27 model, wavenumber spectrum between 4000 cm-1 and 400 cm-

1), scanning electron microscopy (SEM, JEOL JSM-6300) and thermogravimetric analysis (TG, TGA 850 

Mettler-Toledo model). Thermogravimetry tests were performed in 100 µL sealed pin-holed aluminium 

crucibles at a heating rate of 10ºC min-1, from 35ºC to 600ºC, in an N2 atmosphere (75mL.min-1 gas flow). 

 

Both type of paste systems, CH/SCSA and OPC/SCSA, were analyzed after 3, 7, 28 and 90 days of 

curing through FTIR and TG, and after 28 days of curing for SEM. About samples preparations for FTIR 

and TG analysis, pastes were ground with acetone, filtered and put in a laboratory oven at 60°C for 30 

minutes. In samples preparation for SEM analysis, small fractured pieces of paste were submerged in 

acetone for 1 hour, and put in laboratory oven at 60°C for 30 minutes. 

 

2.2.3. Compressive strength of mortars 

 

Compressive strengths of the mortars were measured through an EMIC Universal Machine with a 2000 

kN limit of load. For this test, prismatic specimens 40x40x160 mm³ were molded. Previously to 

compressive strength measurement, three specimens were broken in flexural mode for obtaining two half 

parts for specimen. The compressive strength was an average of six values. The proportion of 

water/cementitious material was 0.50, and the proportion cementitious material:sand was 1:2.5. The 

replacement of Portland cement by SCSA was 0% (control), 15%, 20%, 25% and 30% by weight. 

Specimens were cured at 25°C with RH higher than 95% until the compressive strength test, which was 

performed after 3, 7, 28 and 90 days of curing. 3. Results and discussions 

 

3.1 Chemical and physical characterization of SCSA 

 



Chemical composition for SCSA measured by XRF is shown in Table 1. The material presents a low 

quantity of SiO2 (36.5%) if compared with traditional siliceous pozzolans (e.g. silica fume or rice husk 

ash). It is noticeable the presence of CaO (16.4%), but SCSA has not hydraulic characteristics: mixtures 

of this ash with alkaline medium did not harden after 24 hours. The third element in percentage is 

potassium (K2O, 7.9%), which is typical of some ashes from biomass [42]. There is also presence of 

others significant elements, such as Al2O3, Fe2O3, MgO, SO3 and P2O5. A considerable LOI value 

(15.5%) was obtained, which was attributed to the presence of organic matter and/or carbon of unburned 

sugar cane straw. Thus, thermogravimetric analysis and differential thermal analysis of SCSA showed 

that the main mass loss was produced in the 250-625ºC range, which are the typical 

volatilization/oxidation temperatures of organic matter and carbon [43]. A small mass loss above 650ºC 

(0.34%) was observed, indicating that the presence of calcium carbonate was very low.  

 

X-Ray diffraction (XRD) pattern of SCSA is shown in Figure 1. It is of SCSA presented a deviation of 

the baseline between 2θ = 15° and 2θ = 35°, which is a characteristic of amorphous material. In addition, 

quartz (SiO2, PDF Card #331161), calcite (CaCO3, PDF Card #050586) and diopside (MgCaSi2O6, PDF 

Card #011-0654) as impurities in the SCSA were identified. Probably these impurities were from the soil 

retained during the sugarcane harvesting. An XRD was carried out on a sample of SCSA obtained from 

washed straw (without soil impurities): in this X-Ray diffractogram only some saline compounds were 

found, such as silvite (KCl, PDF Card #411476), halite (NaCl, PDF Card #050628), arkanite (K2SO4, 

PDF Card #050613) and hydroxylapatite (Ca5(PO4)3(OH), PDF Card #090432). These salts were formed, 

in the calcination process, from selected elements contained in the straw: sodium, chloride, potassium, 

calcium, sulphur and phosphorus.  

 

Particle size distribution is show in Figure 2. The calculated mean particle diameter (dmed) of SCSA was 

20.18 µm, and median particle diameter D50 was 10.85 µm. Figure 3 shows SEM micrographs for 

comparison between the SCSA before the milling process and after 50 minutes of milling. In Figure 3a, 

SCSA before the milling process presents large and irregular particles and, in Figure 3b, SCSA after 50 

minutes milling presents smaller and more regular particles compared to SCSA without milling. 

 

 



Table 1 – Chemical composition of SCSA (in percentage)  

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O SO3 P2O5 Cl Others LOI 

36.5 2.8 3.4 16.4 7.3 0.2 7.9 4.4 4.0 0.4 1.2 15.5 

 

 

 

Figure 1 – X-Ray Diffraction pattern of SCSA 
 

 

 
 
 

Figure 2 – Particle size distribution of SCSA (Dashed line: cumulative curve; solid line: derivative curve) 
 



   
 
 
 

Figure 3 – SEM micrographs of SCSA: a) before milling; b) after 50 minutes of milling 

 
 

 
 

3.2. Microstructural studies of CH/SCSA pastes 

 

CH/SCSA pastes with 3:7 ratio, cured at 20ºC were characterized by FTIR, TG and SEM. 

FTIR spectra for hydrated lime (Ca(OH)2), SCSA and CH/SCSA pastes are shown in Figure 4. The bands 

of vibration for Ca(OH)2 are 3641 cm-1 (strong, O-H vibration) and very small peaks below 600 cm-1, 

emphasizing the peaks at 546 cm-1 and 461 cm-1. For SCSA, main bands of vibrations were: associated to 

Si-O vibrations 1123 cm-1, 1020 cm-1, 790 cm-1, 710 cm-1, 617 cm-1, 454 cm-1, and associated to  O-C-O 

vibrations 1440 cm-1 and 875 cm-1 [44]. 

 

a) b)



After 3 days of curing, the main bands of vibration in the paste are 1123 cm-1, 956 cm-1, 617 cm-1, 454 

cm-1 (Si-O vibration), 1440 cm-1 and 875 cm-1 (O-C-O vibration). Firstly, it is noticed the hydrated lime 

was completely reacted, because the characteristic bands of vibration (3641 cm-1 and below 600 cm-1) are 

not present in FTIR spectrum. The bands of vibration 1123 cm-1 and 454 cm-1 are attributed to quartz 

present in SCSA, because these peaks are maintained in the FTIR spectrum after the pozzolanic reaction. 

On the other hand, the new band of vibration at 956 cm-1 is related to the pozzolanic reaction products, 

since it was not present in the hydrated lime neither in the SCSA spectra. This band can be attributed to 

the C-S-H product formed in the pozzolanic reaction. Its intensity is increased with curing time, 

suggesting that despite the complete consumption of CH in the CH/SCSA mixture, C-S-H evolved with 

curing time, and polymerization of SiO2 units took place. Finally, the bands of vibration at 1440 cm-1 and 

875 cm-1 did not change with the pozzolanic reaction, indicating that carbonates are not involved in the 

process.  

Figure 4 – FTIR spectra for CH/SCSA pastes 

 

 



DTG curves from TG analysis are shown in Figure 5. Dehydration of compounds formed through 

pozzolanic reaction, mainly C-S-H, took place, in the TG conditions used [45], at the temperature range 

of 100-180°C, and mass loss of the Ca(OH)2 dehydration was at temperature range of 520-560°C. In this 

analysis, there was no mass loss at 520-560°C for all curing ages, that is, SCSA consumed all the 

Ca(OH)2 present in the paste. This result matches with FTIR analysis. 

 

Table 2 summarizes the mass loss related to the dehydration of compounds from pozzolanic reaction 

(PPZ), from Ca(OH)2 dehydration (PCH) and lime fixation for all curing ages of CH/SCSA pastes. Since 

there was no peak in DTG curves in 520°C-560ºC, the lime fixation yielded 100%, i.e., the SCSA 

consumed all the Ca(OH)2 added to the paste. The mass loss related to the compounds formed through 

pozzolanic reaction are increasing with curing time due the change in composition of these compounds: 

initially formed C-S-H gel (with the typical formula (CaO)x(SiO2)y (H2O)n) had a high Ca/Si ratio (x/y)., 

With curing time, the x/y ratio diminishes because more silica from SCSA react and it is bonded to C-S-H 

gel [45]. Thus, the amount of C-S-H gel increases, and then the released water when heating becomes 

greater. 

 

 

Table 2 – Mass loss due to dehydration of compounds from pozzolanic reaction (PPZ), from Ca(OH)2 

dehydration (PCH) and lime fixation 

Curing time 
(days) PPZ (%) PCH (%) Lime fixation 

(%) 
3 13.42 0 100 
7 15.34 0 100 
28 17.00 0 100 
90 17.54 0 100 

  

 

Figure 6 shows SEM micrographs from CH/SCSA paste after 28 days of curing. As expected taking into 

account TG and FTIR assessments, there is an amorphous gel formed due the pozzolanic reaction, a dense 

structure is obtained and the presence of hydrated lime is not noticed. Some C-S-H gel appeared in the 

form of needle-like products. 

 

Figure 5 – DTG curves for CH/SCSA pastes 



 

 

Figure 6 – SEM images of CH/SCSA paste after 28 days of curing 
 

 

  

 

3.3. Microstructural studies of OPC/SCSA pastes 

 

OPC/SCSA pastes with 85:15 ratio, cured at 20ºC, were characterized by FTIR, TG and SEM. Also, 

control OPC pastes were prepared for comparison. Figure 7 shows the FTIR spectra for anhydrous OPC, 

SCSA, OPC pastes and OPC/SCSA pastes. The bands of vibration for unhydrated OPC related to Si-O 

vibrations are: 933 cm-1, 873 cm-1, 519 cm-1 and 449 cm-1. After 3 days of curing, the OPC pastes showed 

a main Si-O type vibration band at 956 cm-1 (due to the stretching Si-O in polymeric SiO4 units produced 

in the hydration of calcium silicates; and another two O-C-O bands at 1420 cm-1 and 873 cm-1 were 

observed. The paste containing SCSA also presented a peak at 1123 cm-1 (Si-O vibration) which was also 



found in the original SCSA. Firstly, it is noticed that the band of vibration at 956 cm-1 of OPC/SCSA 

pastes is similar that those found in CH/SCSA pastes (Figure 4), which means the products of the 

pozzolanic reaction (C-S-H) are similar to those obtained by the OPC hydration. The broadness of this 

main vibration band for OPC/SCSA hydrated sample was due to the SCSA (the ash presented a band at 

1020 cm-1), indicating that this material did react completely in the conditions of the hydration of cement. 

Finally, the band of vibration at 1123 cm-1 (which not appeared in OPC paste) is related to the quartz 

present in SCSA: this mineral did not react in the studied conditions. After 7, 28 and 90 days of curing, 

pastes did not show significantly changes compared to 3 days of curing: it may be noticed the band 

intensity increase for 956 cm-1 signal (related to the higher amount of C-S-H gel). The diminution of its 

shoulder at higher wavenumber in OPC/SCSA pastes suggested the reaction of SCSA and the 

dissolution/transformation of this material due to pozzolanic process. 

 

Figure 7 – FTIR spectra for anhydrous OPC, SCSA, OPC pastes and OPC/SCSA pastes 

 

DTG curves for OPC/SCSA pastes are shown in Figure 8. Similar hydration products were found for both 

OPC and OPC/SCSA pastes. In all curing times, the peak presented at 550°C is smaller in the SCSA 



containing paste compared to control one. This behavior is due to two effects: on one hand, the dilution 

effect when SCSA replaced OPC, because less portlandite in the hydration of cement is formed; on the 

other hand, due to the consumption of the Portlandite by reaction towards SCSA.  

 

Mass loss related to the dehydration of compounds from OPC and pozzolanic reaction (POPC+PZ), Ca(OH)2 

dehydration (PCH) and lime fixation for OPC and OPC/SCSA pastes at all curing ages are summarized in 

Table 3. It is noticed that the POPC+PZ value increases with curing age for both pastes, but the paste with 

SCSA presents higher values compared to the control at first curing times (3 and 7 days). This behavior 

showed that the pozzolanic material is very reactive. Additionally, the presence of SCSA particles acts as 

nucleation sites for hydration products from OPC and the hydration reaction rate was enhanced. This 

reactivity was quantified by means of lime fixation. At 3 days of curing, 19.61% of Portlandite released in 

the hydration of OPC in OPC/SCSA paste was consumed: this behavior indicated that the pozzolanic 

reactivity was important at earlier curing ages. The pozzolanic reactivity increased with curing time, and 

percentage of lime fixation reached 41.18% after 90 days.  

 

Figure 8 – DTG curves for OPC and OPC/SCSA (15% replacement) pastes for different curing times 

 

 

Table 3 – Mass loss in the dehydration of compounds from OPC hydration/pozzolanic reaction (POPC+PZ), 

Ca(OH)2 dehydration (PCH) and lime fixation for OPC and OPC/SCSA (15% replacement) pastes 

Curing time POPC+PZ (%) PCH (%) Lime 



(days) fixation (%) 
 OPC OPC/SCSA OPC OPC/SCSA 
3 13.79 15.09 2.40 1.64 19.61 
7 15.47 16.00 2.51 1.68 21.26 
28 17.43 17.36 2.92 1.53 38.36 
90 17.53 17.49 3.20 1.60 41.18 

 

 

Figure 9 shows SEM micrographs of OPC and OPC/SCSA pastes. In both figures, there is a dense and 

amorphous structure, but the control OPC paste (Fig. 9a) presents more portlandite compared to the 

OPC/SCSA paste (Fig.9b). This is in agreement to thermogravimetric results. 

 

 

Figure 9 – SEM images of pastes after 28 days of curing: a) control OPC; b) OPC/SCSA (15% 
replacement) 

 

 

3.4 Compressive strength of mortars 

  

Five sets of mortars were prepared: control mortar (only OPC as cementitious compound) and four OPC 

replaced mortars in which 15-30% of OPC was replaced by SCSA in mass: SCSA mortar nomenclature 

was SCSA-XX% where XX is the replacement percentage (15, 20, 25 and 30% ). Compressive strengths 

and their standard deviation values of mortars are listed in Table 4. All mortars showed a continuous 

increasing in the compressive strength with curing time as expected. Interestingly, after 3 days of curing, 

all mortars containing SCSA presented very similar compressive strength than that obtained for control 

one. This fact is related to the high reactivity of the ash, which agree to the behavior described in the 



paste studies. This trend also was observed for 7-90 days curing period. In this case, the consumption of 

Portlandite by SCSA (observed by TG analysis) for longer curing times did not make evident an 

enhancement in the compressive strength development.  

 

Table 4 – Compressive strength values (MPa) of mortars and their standard deviation 

Specimen/Curing Age 3 days 7 days 28 days 90 days 

Control 32.93 ± 1.13 36.06 ± 1.94 41.56 ± 1.70 44.01 ± 2.25 

SCSA-15% 32.27 ± 1.30 34.53 ± 0.12 40.55 ± 1.27 44.33 ± 2.55 

SCSA-20% 31.08 ± 1.41 36.56 ± 1.11 42.82 ± 1.41 44.42 ± 2.38 

SCSA-25% 30.55 ± 0.98 33.97 ± 1.87 42.51 ± 1.51 43.99 ± 1.82 

SCSA-30% 31.83 ± 0.16 34.73 ± 0.56 40.28 ± 1.41 40.99 ± 1.11 

 

In general terms, from the strength development point of view, and taking into account the important 

replacement levels achieved in this study, it can be established that there is an important strength gain for 

replaced mortars.  

 

Figure 10 shows the compressive strength gain (SG) [46] of SCSA mortars. This SG was calculated 

taking into account the replacement percentage of OPC by the pozzolan; the compressive strength of 

OPC/SCSA mortar (Ri) was compared with the strength of the OPC mortar (Ro), which was corrected by 

means of the ratio between OPC mass (wcem) and the binder mass (sum of OPC and pozzolan, wcem+wpuz). 

In this case, relative values in percentage were calculated as follows: 

 

𝑆𝑆𝑆𝑆 =
𝑅𝑅𝑖𝑖 − �𝑅𝑅𝑜𝑜 ∗

𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐
𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝

�

�𝑅𝑅𝑜𝑜 ∗
𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐

𝑤𝑤𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝
�

∗ 100                              𝐸𝐸𝐸𝐸. 1 

 

All SG values calculated according to Eq. 1 were positive values, indicating the high effectivity of SCSA 

in cement mixtures. Calculated SG values are depicted in Figure 10. SG values were increasing with the 

replacing percentage. It is noticed that SCSA30% presented the highest strength gain since earlier curing 

ages. This behavior means that good strengths would be obtained for higher replacing percentages. 

 

Figure 10 – Strength gain (SG) for SCSA containing mortar at 3, 7, 28 and 90 days of curing. 



 

Conclusions 

 

Sugar cane straw ash (SCSA) was chemically and physically characterized: the material presented a 

relatively low content of SiO2 (36%) and high unburned fraction (LOI = 15.5%). A baseline deviation in 

XRD between 15 and 35° showed the presence of amorphous fraction, probably reactive from the 

pozzolanic point of view. Pozzolanic reactivity was confirmed by means of thermogravimetric studies 

(TG) on hydrated lime and ordinary Portland cement pastes. 

In hydrated lime/SCSA pastes, TG analysis showed that pozzolanic material consumed completely 

available calcium hydroxide after 3 days of curing. In cement pastes, replaced 15% by SCSA, more than 

40% of Portlandite was fixed, and SEM images showed a lower presence of Portlandite crystals  

 

Finally, from the study of mortars, SCSA presented an important contribution on the development of 

compressive strength when Portland cement was replaced in the 15-30% by weight. Pozzolanic activity 

was observed after 3 days of curing, and all mortars showed compressive strength close to control. In 

strength gain analysis, SCSA replacement of 30% showed the best result, since there is less Portland 

cement and the compressive strength still is similar to other mortars. This study showed that Portland 

cement can be replaced until 30% by SCSA and the mechanical properties were maintained. 
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