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This study focused on the physical and chemical characterization of 

Chinese maize stalk leaf ash (MSLA) calcined at 500, 700, and 850 °C and 
MSLA residual leaching in aqueous solutions. The grain size distribution, 
chemical composition, and microstructure of MSLA were investigated 
using a laser Mastersizer, X-ray fluorescence, and scanning electron 
microscopy. The ash samples obtained before and after dissolving were 
analyzed using X-ray powder diffraction and X-ray photoelectron 
spectroscopy to identify the present minerals and observe the 2p atomic 
orbit of surface silicon and aluminum (Si 2p and Al 2p) transformation 
behaviors. The zeta potential and pH values of hybrid solutions were 
tested for various dissolving times. Silica was the predominant component 
observed in the MSLA. As dissolving time increased, the pH value 
gradually decreased, and the zeta potentials first slightly decreased and 
then remarkably increased. Quartz was identified in the MSLA. Another 
polymorphous crystalline form of silica, cristobalite, only appeared in the 
850 °C sample. The binding energies of Si 2p and Al 2p shifted, which 
transformed the XPS peaks after the thermal and aqueous solution 
treatment of MSLA. These findings can be utilized to study the application 
potential of MSLA in cementing systems.    
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INTRODUCTION 
 

Biomass as fuel is mainly used to generate electricity and provide heat. In 2020, the 

projected biomass output produced for direct combustion power generation will be 

approximately 1.4 × 107 t. China is the most prominent crop-producing region of the world 

and produces a large amount of biomass waste every year, especially maize waste. The 

gross weight of maize straw is approximately 2.4 billion t, which accounts for 24.2% of 

the total crop output in China (Vassilev et al. 2013a; Zhang et al. 2016). Moreover, the 

maize stalk is a primary source of fuel for biomass power plants. The elements in maize 

stalk ash are primarily Si, K, Ca, and Mg (Xiong et al. 2010). The disposal and use of the 

large maize ash waste from a power plant must be considered. Biomass ash has been reused 

in many ways, such as for removing methylene blue from water (Liu et al. 2018), producing 

geopolymers due to the silica content (Zarina et al. 2013), and applications in construction.  

Biomass ash has been widely used as the raw material to improve the rheological 

properties of grout and the mechanics of the solidification bodies for cement-based 
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materials. Moreover, the pozzolanic activity and negative surface charge of biomass ash 

have been considered (Givi et al. 2010; Maldonado-Bandala et al. 2011). Biomass ash from 

thermal treatment contains SiO2, Al2O3, and Fe2O3, suggesting the possibility of exhibiting 

pozzolanic properties (Rajamma et al. 2009). Active silica and alumina are very useful 

materials that react with calcium hydroxide to produce the C-S-H, which contributes to 

improving the strength of cement-based materials (Biricik et al. 1999). Calcination can 

impart pozzolanic activity to biomass ashes, such as palm oil clinker powder, wheat straw 

ash, sugar cane bagasse ash, and sugar cane straw ash (Cociña et al. 2013; Moraes et al. 

2015; Karim et al. 2016). 

The combustion temperature can influence the composition, microstructure, and 

pozzolanic properties of different kinds of biomass ash. Rice husk calcined at 500, 600, 

700, and 800 ℃ was tested for its compressive strength and analyzed using X-ray powder 

diffraction (XRD), and it was concluded that the optimum combustion temperature for 

obtaining highly reactive rice husk ash (RHA) is 600 ℃ (Xu et al. 2012). Sugar cane straw 

ash (SCSA) with 20% and 30% clay content burned at 800 and 1000 ℃ and then reacted 

with lime showed that SCSA has good pozzolanic activity, comparable to that of rice husk 

ash (Cociña et al. 2003). The consistent results reported by Morales et al. (2009) showed 

that sugar cane waste ash calcined at 800 and 1000 ℃ have properties indicative of high 

pozzolanic activity. It is very interesting that identical species of biomass ash from different 

production areas require different calcination temperatures to yield high pozzolanic 

activity. Brazilian bamboo leaf ash calcined at 600 ℃ had a very high pozzolanic activity 

(Frías et al. 2012). However, Cuban bamboo leaf ash calcined at 500, 600, and 700 ℃ was 

evaluated for pozzolanic activity by using a conductometric method, and it was found that 

Cuban bamboo leaf ash calcined at 500 ℃ showed the highest pozzolanic activity (Cociña 

et al. 2018).  

When the ash deformation temperatures of biomass ash were investigated, it was 

found that calcination temperatures ≥ 550 ℃ completely removed the organic matter from 

rice straw. Further, the ashes underwent significant sintering when calcined at 650 ℃ due 

to the presence of potassium chloride (Roselló et al. 2017). In addition, the ash deformation 

temperatures of red pine and straw were over 1100 ℃ (Fang and Jia 2012). 

The minerals and phases containing Si and Al elements are transformed during the 

combustion of biomass ash. Due to the presence of totally crystalline silica in the original 

rice husk ash prepared at 800 °C, a leaching procedure, low calcination temperature, and 

short calcination time were proposed to prepare more active amorphous silica from rice 

husk (Shen et al. 2011). The porosity of lemon grass ash and the crystallinity of the silica 

in the lemon grass ash increased as the calcination temperature was increased from 0 to 

700 ℃ (Firdaus et al. 2016). Bamboo leaf fired in an open atmosphere and then heated at 

600 ℃ for 2 h in a furnace is an amorphous material containing amorphous silica 

(Dwivedia et al. 2006). In addition, based on Vassilev et al. (2013b), fluxing and refractory 

behaviors of different modes of elements occur during the combustion of biomass 

according to the melting point (MP) of the minerals and phases containing Al elements. 

Elemental Al, K-Al sulphate, K-aluminosilicate, and albite appeared at 660, 690 to 800, 

695, and 1118 ℃ calcination temperatures, respectively. The K feldspar, microcline, 

orthoclase, and sanidine appeared at 1170 ℃, whereas biotite, chlorite, and muscovite 

appeared at 1200 ℃.  

Above all, the factors that influence the physical and chemical properties of the 

biomass ash were the calcination temperature, components of the biomass, production 

location, and biomass species. However, the evolution of the physical and chemical 
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properties for maize stalk, and in particular maize stalk leaf ash (MSLA) in China, with 

increasing calcination temperature has been rarely reported. The change of the 

characteristics after thermal and aqueous solution treatment (water is the primary raw 

material in cement-based materials) must be investigated. It is essential to develop 

environmentally friendly and inexpensive management of maize straw ash. 

In this study, the composition and microstructure of maize stalk leaf ash calcined 

at 500, 700, and 850 ℃ were investigated. The pH values and zeta potentials of MSLA 

mixed in deionized water for 0 to 2 h were measured. The mineralogy, Si 2p, and Al 2p 

chemical bonds of the calcined MSLA, and water-leaching residue were investigated. This 

knowledge is essential for understanding the effect of calcination temperature on the 

characteristics of MSLA and the water-leaching properties of MSLA. These conclusions 

will be useful for assessing the possibility of using MSLA in cementing systems.  

 

 

EXPERIMENTAL 
 
Materials 

The maize stalk leaf samples from Shanxi province China were obtained with the 

stems removed. The stalk leaves were washed using tap water to remove impurities, dried 

at 105 ℃ for 24 h in a circulating oven, and then were crushed to a 1-cm grain size. The 

crushed leaves were placed into a muffle furnace to calcine for 3 h at 500, 700, or 850 ℃. 

Then, the cooled MSLA was milled and filtered using a 0.074-mm membrane filter, and 

the samples were characterized using a Laser particle size analyzer, X-ray photoelectron 

spectroscopy (XPS), scanning electron microscopy (SEM), and X-ray powder diffraction 

(XRD). The filtered solid samples from the three calcination temperatures were dissolved 

in deionized water at a liquid-to-solid (L/S) ratio of 2/15 L/g. The pH values of the solutions 

were tested at 15 min intervals for 2 h, and the zeta potentials were measured after 30, 60, 

and 90 min. The residues after leaching for 30 and 120 min were oven-dried at 80 ℃. The 

XRD and X-ray fluorescence (XRF) analyses of the dried residue were performed. Figure 

1 shows the preparation process of the straw stalk leaf ash samples.  

 

 
 

Fig. 1. Process of preparing straw stalk leaf ash samples 

 

Methods 
The grain size distribution (GSD) of MSLA is an important property, because it can 

affect the resultant paste consistency, chemical reactivity, and the overall hydromechanical 

properties. The GSD curves of the MSLA samples were determined using a Malvern Laser 

Mastersizer S 2000 (Malvern Instruments Inc., Worcestershire, UK), which is capable of 

measuring particles between 0.05 and 880 μm with an accuracy of ± 1%.  
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An XPS analysis was performed using an Axis Ultra DLD instrument (Kratos, 

Manchester, UK) for surface characterization. The powder samples were heated for 

approximately 2 h at 80 °C in air to reduce the amount of adsorbed water. Immediately 

after removing them from the oven, the samples were fixed on adhesive tape and introduced 

into the vacuum system. Photoelectron emission was excited via a monochromatic Al Kα 

line with photon energy of 1486.67 eV.  

The microstructure analysis of MSLA samples was performed using a JEOL JSM 

6390 LV (JEOL Ltd., Tokyo, Japan) electron microscope at 25 kV. The samples were 

previously Au coated (SKY Technology Development Corp., Shenyang, China) to avoid 

charging problems. 

The MSLA and MSLA residuals were characterized by X-ray powder 

diffractometry using an Ultima IV Rigaku diffractometer (Rigaku Corp., Tokyo, Japan) 

equipped with Cu Kα1, 2 (λ = 1.54178 Å) radiation with a generator voltage of 40.0 kV 

and a current of 40.0 mA. The 2θ range of 5° to 90° was used for all powders in continuous 

scan mode with a scanning step of 0.02° at a rate of 10°/min.  

The main chemical composition of MSLA (in the form of oxides) was determined 

by XRF (ZSX Primus II; Rigaku Corp., Tokyo, Japan). The samples used for XRF testing 

were heated at 550 °C for 2 h, according to GB/T 28731 (2012). The softening temperatures 

(ST) were measured according to GB/T 30726 (2014).  

The zeta potentials in the aqueous solutions of MSLA were characterized using a 

microscopic electrophoresis apparatus (JS94H; Powereach Corp., Shanghai, China) with 

an Ag electrode. The measurement parameters were: particle size range of 0.5 to 20 μm, 

input pH range of 1.6 to 13.0, step length of 0.1, and switching time of 700 ms. The pH 

values of the solutions were measured using a LEICI PHSJ-3 (INESA Scientific Instrument 

Co., Ltd., Shanghai, China) pH meter, and the criterion pH value was adjusted before each 

measurement.   

 

 

RESULTS AND DISCUSSION 
 
Particle Size Distribution  
 

 
 

Fig. 2. Grain size distribution of MSLA calcined at 500, 700, and 850 °C 

http://www.baidu.com/link?url=gxw66YUozcSEzAp5kfT1IL6GeMVjNagKIhh01MZAg2i
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According to the GSD curves of the samples (0.074 mm) (Fig. 2) and Table 1, the 

specific surface areas slightly increased with increasing calcination temperature. The 

particle sizes of MSLA with different calcination temperatures were close to a continuous 

gradation.  

 

Chemical Composition  
As shown in Table 1, the loss on ignition increased with increasing temperature. 

The chemical compositions of the maize stalk ashes, shown in Table 1, varied depending 

on the combustion temperature. Silica, potassium oxide, magnesium oxide, and lime 

compounds were predominantly observed in the samples. The abundance of K in MSLA 

together with the high Si content favors the formation of alkali-rich silicates and thus 

decreases the ash melting temperature (Zhu et al. 2018). 

 

Table 1. Chemical Composition of Maize Stalk Leaf Calcined at 500, 700, and 
850 °C  

 MSLA-500 MSLA-700 MSLA-850 

SiO2 (%) 67.02 72.86 73.53 

Al2O3 (%) 2.15 2.09 2.64 

Fe2O3 (%) 1.01 1.02 1.27 

CaO (%) 6.78 7.72 7.99 

MgO (%) 3.68 4.29 4.29 

SO3 (%) 2.42 1.96 2.25 

TiO2 (%) 0.13 0.12 0.16 

K2O (%) 5.24 4.91 3.80 

Na2O (%) 0.40 0.50 0.57 

P2O5 (%) 0.94 0.97 1.08 

Cl (%) 0.39 0.25 ----- 

CuO (%) 0.23 0.21 0.10 

SUM (%) 89.77 96.44 97.58 

LOI (%) 89.41 90.67 91.48 

Specific Surface Area 
(m2/g) 

0.534 0.550 0.633 

 

Meanwhile, the contents of refractory species Mg, Ca, Fe, Al, Si, S, and P were 

nearly constant or slightly increased with temperature. This increase was attributed to the 

increase of the relative content of these elements with the release of volatile species. The 

increase of Mg, Ca, P, and S contents in the ash implies that high melting temperature 

substances were formed (Bostrom et al. 2011). The chemical composition of MSLA is 

similar to that of sugarcane biomass ash (Katare and Madurwar 2017) and rice straw ash 

(Wang et al. 2013). The SiO2, Al2O3, and Fe3O4 are the main active pozzolanic substances. 

The Si content was remarkably higher than the Al and Fe contents. Thus, Si was the major 

pozzolanic substance in the cement-based-MSLA system. 

 

pH Value 
When the calcined MSLA samples were dissolved in deionized water within 0 to 

120 min, the order of pH values was MSLA-500 > MSLA-700 > MSLA-850 at all 

dissolving times (Fig. 3). This was due to the higher concentration of OH- in the MSLA-

500 aqueous solution. The aqueous solutions of the MSLA samples were alkaline due to 

the high K2O and CaO contents of MSLA (Font et al. 2017). The MSLA could be used as 

an alkali source in alkali-activated materials. 

javascript:;
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Fig. 3. The relationship between pH value and dissolving time of MSLA-500, MSLA-700, and 
MSLA-850 mixing in the aqueous solution 

 

The pH value decreased with increasing dissolving time, due to the consumption of 

OH- ions that participate in the chemical reactions producing more –OH minerals (seen 

from the XRD in the MSLA residuals). The pH curves were fit using linear regression and 

yielded equations with negative slopes. 

Amorphous SiO2 and Al2O3 might have been responsible for the decreasing pH of 

the aqueous solutions. The silicate precursors were formed in situ through dissolution of 

amorphous silica particles by the alkaline solutions (Simonsen et al. 2009a). The 

dissolution of the amorphous silica in alkaline conditions can produce H4SiO4, H3SiO4
-, 

and H2SiO4
2-. These reactions suggest that H2O and OH- are consumed during the 

dissolution process, resulting in a decrease in pH that also was observed experimentally 

(Simonsen et al. 2009b). In contrast, the amorphous Al2O3 reacted with OH- to form 

amorphous Al(OH)3 in the alkali aqueous solution, which also leads to the decrease in the 

pH values of the aqueous solutions (Dijkstra et al. 2006).    

 

Zeta Potential 
To see the role of surface charge on repulsion, the zeta potential of the MSLA was 

calculated and found to have a negative value (Table 2). This result indicated that the 

surfaces of the MSLA particles had moderate negative charges. The electronegative surface 

of MSLA might have been due to the presence of minerals and unburnt biomolecules in 

the MSLA. 

 
Table 2. Zeta Potential (mV) of MSLA Calcined at 500, 700, and 850 °C 
Dissolving in Aqueous Solution for 30, 60, and 90 min  

Calcination 
Temperature (°C) 

Dissolving Time (min) / Zeta Potential (eV) 

30 60 90 

500 -1.98 -1.13 -5.23 

700 -2.26 -2.24 -11.58 

850 -2.27 -2.25 -19.17 
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Fig. 5. The movement of MSLA-500 particles in an electric field after (a) 30 min, (b) 60 min, and 
(c) 90 min of dissolving time. The movement of MSLA-700 particles in an electric field after (d) 30 
min, (e) 60 min, and (f) 90 min of dissolving time. The movement of MSLA-850 particles in an 
electric field after (g) 30 min, (h) 60 min, and (i) 90 min of dissolving time. The two pictures for 
each letter to show the MSLA particle movement for the two opposite direction currents of the 
electric field in the aqueous solution. 
 

An electronegative surface of MSLA can be more beneficial for repulsion of the 

anions of cement. It was found that the zeta potentials first slightly decreased and then 

sharply increased with increased dissolving time, changing into a ‘‘V’’ shape. Moreover, 

the zeta potential of the 850 ℃ sample showed a higher value and higher rise rate than 

those of the samples calcined at the other temperatures. When the alkali metal ions 

dissolved in the aqueous solutions, alkali metal ions (e.g., potassium, sodium, and calcium) 

neutralized the negative charges and reacted with the OH- at the surface of the MSLA 

producing new minerals that wrap the particles, which led to compression of the electric 

double layer due to electrostatic interactions. This may explain the decline of the zeta 

potential in the interval of 30 to 60 min. As the dissolving time increased, the surfaces of 

the particles constantly absorbed OH- from the aqueous solution, which added to the 

negative charge. This may explain the ascent of the zeta potential in the interval of 60 to 

90 min (Moghal and Sivapullaiah 2012). Figure 5 shows the MSLA particles with different 

calcination temperatures and dissolving times moving in the electric field. Larger values 

of the zeta potential led to a larger relative distance traversed by the MSLA particles in the 

electric field.  

Therefore, this suggests that adding the MSLA-850 in the cement system improved 

the flowability of the slurry for the cemented paste backfill (CPB) or the cemented coal 

gangue backfill (CGB) due to the repulsion of the MSLA particles by the identically 

charged surfaces of the cement particles, preventing flocculation (Givi et al. 2010).  
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SEM 
As can be seen in Fig. 6a, the morphology of the MSLA after calcination at 500 ℃ 

showed a tubular porous aggregate shape. This characteristic was due to the removal of the 

hemicellulose, cellulose, and lignin after calcination at 500 ℃. 
 

 
 

 
 

 
 
Fig. 6. SEM images of MSLA with different calcination temperatures: (a) 500 °C, (b) 700 °C, and 
850 °C 
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The irregularly shaped particles were distributed on the surface of MSLA-700 

(shown in Fig. 6b). The SEM images obtained confirm that particle aggregation occurred 

when the samples were thermally treated. Increasing the treatment temperature promoted 

the emergence of a more intact structure. Compared to MSLA thermally treated at 

temperatures below 700 ℃, larger numbers of agglomerated particles and polyporous 

structures were observed for the MSLA treated at 850 ℃ (Fig. 6c).  

 

XRD 
Silica has three main polymorphous crystalline forms, quartz, tridymite, and 

cristobalite, all with relatively complex structures and atoms that are not closely packed 

(Callister and Rethwisch 2010). 

 
  

 

 
 

Fig. 7. XRD patterns for MSLA-500, MSLA-700, and MSLA-850 for (a) no dissolving and  
(b) dissolving for 120 min; Key: Q = Quartz SiO2; An = Anorthite Ca(Al2Si2O8); A = Anhydrite 
CaSO4; Cr = Cristobalite SiO2; Ca = Calcium Carbonate CaCO3; B = Biotite KMg3AlSi3O10OHF; M 
= Muscovite KAl2.20(Si3Al)0.975O10((OH)1.72O0.28); CSH= Calcium Silicate Hydrate Ca1.5SiO3.5 · 
XH2O; and D = Diopside CaMgSi2O6 
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The diffractogram peaks obtained for the thermally treated maize stalk leaves show 

that the ash type has the quartz silica form (Fig. 7a), whose peak is marked in the 

diffractograms for the MSLA samples. The peak of the other silica form, cristobalite, was 

observed only in the 850 ℃ sample, which is much less than the theoretical temperature of 

thermal transformations of pure silica into cristobalite (Pagliari et al. 2013). The reason is 

that MSLA contains, in addition to SiO2, compounds with high alkali metal levels and 

contaminants that may affect the melting point and crystallization (Soltani et al. 2015). 

Furthermore, the amorphous silica in the MSLA was inclined to transform into cristobalite 

rather than tridymite, mainly due to the existence of crystal nuclei of cristobalite formed 

from the opal-cristobalite phase transition (Zheng et al. 2018). A previous study also 

showed that the silica phase transformation in RHA begins at 600 and 800 ℃, and the 

cristobalite phase begins at 800 ℃ (Kapur 1985; Fernandes et al. 2017). However, it should 

be mentioned that a portion of the ash components was probably present in an amorphous 

phase, which could not be identified by XRD analysis.  

In addition, muscovite was found in the MSLA residual (Fig. 7b), because alkali 

hydroxides mostly dominated at high pH values in the aqueous solution (from pH test 

results). The surface of MSLA was negatively charged (from the zeta potential results); 

metals are adsorbed in the MSLA with a strong tendency to form chemical bonds between 

the metal groups and the oxide surface (Liu et al. 2018).  

 

XPS 
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Fig. 8. The typical Si 2p XPS survey spectra for MSLA at (a) 500, (b) 700, and (c) 850 °C 
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Fig. 9. The typical Al 2p XPS survey spectra for MSLA at (a) 500, (b) 700, and (c) 850 °C 

 
Table 3. Fitting Results of the Si 2p and Al 2p Lines Taken From MSLA-500, 
MSLA-700, and MSLA-850 

Sample 
Si 2p 3/2 (eV/ %) Al 2p 3/2 (eV/ %) 

Contrib. 1 Contrib. 2 Contrib. 3 Contrib. 4 Contrib. 1 Contrib. 2 

MSA-500 ---- 
103.1/ 
62.8% 

---- 
103.8/ 
37.2% 

74.3 ---- 

MSA-700 
103.6/ 
18.6% 

103.1/ 
11.1% 

102.6/ 
70.3% 

---- 
74.1/ 

29.0% 
74.5/ 

71.0% 

MSA-850 
103.6/ 
20.3% 

103.1/ 
6.1% 

102.6/ 
73.6% 

---- 
74.1/ 

79.3% 
74.5/ 

20.7% 
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Fig. 10. (a) Si 2p and (b) Al 2p line shifts of the MSLA calcined at 500, 700, and 850 °C after 
mixing in aqueous solution for 120 min 
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and 9 show the fit curves of the Si 2p and Al 2p lines obtained for MSLA with different 

calcination temperatures, respectively. The Si 2p lines in MSLA-500 were resolved into 

two contributions. It should be noted that the position of this line depended on the number 

of sialate bonds. For instance, for pure siloxo Si-O-Si bonds, the position of Si 2p3/2 was as 

high as 103.8 eV (Paparazzo et al. 1992). The second contribution of the Si 2p3/2 line was 

situated at approximately 103.1 eV, corresponding to quartz. However, the position of the 

Si 2p line of MSLA-700 and MSLA-850 located at 103.8 eV disappeared, and at least three 

contributions were expected: one at approximately 103.6 eV attributed to Si-O-Si bonds, 

one at approximately 103.1 eV attributed to quartz (and cristobalite in MSLA-850), and 

one related to Si-OX bonds, which was as high as 102.6 eV (Kljajević et al. 2017). As the 

calcination temperature increased to 850 ℃, the relative content of Si-OX bonds increased. 

It can be concluded that annealing at 700 ℃ resulted in the destruction of some Si-O-Si 

groups and the formation of another silicon compound; a possible candidate is anorthite, 

which corresponds to the position of peak 3. Additionally, anorthite was detected by XRD 

in MSLA-700.  

When the MSLA dissolved in the aqueous solution, the binding energies of Si 2p 

shifted to a lower position (shown in Fig. 10a) because of the formation of surface site >
𝑆𝑖𝑂− (deprotonated surface sites) in the alkaline solutions. The higher amount of silicon 

released from cristobalite compared to that from quartz was due to the crucial effect of 

structural defects associated with oxygen vacancies with positive charges. 

Under alkaline conditions, the surface silanols interacted with OH- to form neutral, 

positive, or negative surface species via deprotonation calculated by Eq. 1 (Zhu et al. 

2017), 

> 𝑆𝑖𝑂𝐻 + 𝑂𝐻− = > 𝑆𝑖𝑂− + 𝐻2𝑂      (1) 

where > 𝑆𝑖𝑂𝐻 denotes the deprotonated surface sites. The characteristics of the surface 

sites could remarkably affect the solubility and reaction mechanisms of the silica minerals 

(Gratz and Bird 1993).       

For the Al 2p line of MSLA-500, the only peak (at approximately 74.3 eV) was 

related to octahedral-coordinated bonds fit to Al 2p3/2. For MSLA-700, the Al 2p3/2 was 

resolved into two contributions. The first peak was related to an octahedral-coordinated 

bond, whose position shifted towards lower binding energies by roughly 0.2 eV, 

corresponding to the Al 2p3/2 lines of MSLA-700. The second peak was related to 

tetrahedral-coordinated bonds, situated at approximately 74.5 eV. However, the relative 

content of Al 2p3/2 for the octahedral-coordinated bond sharply increased as the calcination 

temperature increased. The electronic environment with the octahedral-coordinated Al ion 

was more polarizable than that with the tetrahedral-coordinated Al ion. When the MSLA 

was dissolved in an aqueous solution, the binding energy of the Al 2p peak remarkably 

increased (Fig. 10b). This is an Al mineral structural dissimilarity between the MSLA and 

MSLA residual, caused by a change in the electronic and chemical environment (Black et 

al. 2003; Li et al. 2008). The Si 2p and Al 2p bond transformation behavior implied that 

the MSLA could react with lime to produce C-S-H.  

 

 

CONCLUSIONS 
 

1. The particle size of maize stalk leaf ash (MSLA) was close to a continuous gradation. 

Silica was the predominant component observed in MSLA. The order of the pH values 
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was MSLA-500 > MSLA-700 > MSLA-850 for all dissolving times. The pH values 

gradually decreased with increasing dissolving time, and there was a linear relationship 

between pH and dissolving time. 
 

2. The zeta potentials first slightly decreased and then remarkably increased with 

increasing dissolving time, changing into a ‘‘V’’ shape. The zeta potential of the 850 

℃ sample had the largest value at all dissolving times. The morphology of the MSLA 

after calcination at 500 ℃ had a tubular porous aggregate shape. The crystallinity 

degree increased with increasing calcination temperature.  
 
3. Quartz was identified in the MSLA at the different calcination temperatures. Another 

polymorphous crystalline form of silica, cristobalite, only appeared in the 850 ℃ 

sample, when MSLA was dissolved in an aqueous solution. Muscovite was found in 

the MSLA residuals due to chemical reactions of OH- and alkali metal. The binding 

energies of Si 2p and Al 2p shifted after thermal and aqueous solution treatment of the 

MSLA. In conclusion, the optimum calcination temperature for MSLA used in 

cementing systems is still tested on the pozzolanic characteristic.  
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