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Abstract. This study focused on the physical and chemical characterization of Chinese poplar leaf ash
(PLA) with 500°C, 700°C, and 850°C calcination temperatures and residual PLA leaching from aqueous
solution. The grain size distribution, chemical composition, and microstructure of PLA were investigated by
laser granulometric distribution, X-ray fluorescence, and scanning electron microscopy. The ash samples
obtained before and after aqueous dissolution were analyzed using X-ray powder diffraction to identify the
mineral components. X-ray photoelectron spectroscopy was used to illustrate the Si 2p and Al 2p
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transformation behaviors in the PLA samples. The zeta potentials, conductivities, and pH values of hybrid
solutions were tested at different dissolution times. Silica, sulfur, calcium, and potassium were the dominant
components observed in the PLA. The conductivities and pH values were nearly stable with an increasing
dissolution time. The zeta potential of PLA was calculated to be a negative value. Calcite and potassium
sulfate were found in the PLA-500 and PLA-700 samples, whereas magnesite and lime were easily identified
in PLA-850. The Si 2p peak shifted to a lower position because of the additional synthesis of Si-OH with the
increasing calcination temperature. These conclusions could help investigations into the possibility of using
PLA in cement systems.

Keywords: Poplar leaf ash, calcining temperature, aqueous solution, Si 2p, Al 2p.

INTRODUCTION

Woody biomass can be used to produce electricity
energy through direct combustion (Bridgwater
2006). In North America and Europe, cellulosic
biomass used for bioenergy production is mainly
derived from short-rotation willow and poplar
coppice cultures (Liu et al 2009; Evangelou et al
2012). In North China, a large quantity of fallen
woody biomass leaves, such as poplar leaves, are
produced every year. However, these biomass
energy sources are either buried underground or
directly discarded as waste, and applications of
biomass have great potential. However, if woody
biomass leaves are used for energy, the Chinese
society faces questions regarding how to deal
with large amounts of poplar leaf ash (PLA). In
this context, the physical and chemical charac-
teristics of PLA were studied. The information is
helpful for dealing with a mass of PLA.

Si and Al are the main chemical elements in the
earth and are also the component elements of
biomass, geopolymers, and cement-based mate-
rials. Prior reports stated that minerals and phases
containing Si and Al would be transformed
during the combustion of biomass ash (BA),
especially agricultural biomass. Preparation of
more active amorphous silica from rice husks
depended on the presence of totally crystalline
silica in the original rice husk ash prepared at
800°C, leaching procedure, low calcination
temperature, and short calcination time (Shen
et al 2011). Both the porosity of lemon grass
ash and the crystallinity of silica in lemon grass
ash increased as the calcination temperature in-
creased from 0 to 700°C (Firdaus et al 2016).
Bamboo leaves burned in an open atmosphere
and then heated at 600°C for 2 h in a furnace were

found to produce an amorphous material containing
amorphous silica (Dwivedi et al 2006). In addition,
based on prior studies (Vassilev et al 2013a),
biomass could produce different Al-containing
elements, minerals, and phases during the com-
bustion procedure. For example, elemental Al,
K-Al sulfate, K aluminosilicate, and albite ap-
peared at 660°C, 690-800°C, 695°C, and 1118°C
calcination temperatures, respectively. K-feldspars,
microcline, orthoclase, and sanidine appeared at
1170°C calcination temperature, whereas biotite,
chlorite, and muscovite appeared at 1200°C
calcination temperature.

Based on the abovementioned references, amor-
phous silica can be produced using calcination
procedures and is a very useful material from
biomass that reacts with calcium hydroxide to
produce C-S-H. Therefore, BAs, such as palm
oil clinker powder, wheat straw ash, sugar cane
bagasse ash, and sugar cane straw ash (Biricik
et al 1999; Cociña et al 2013; Karim et al 2016),
are usually added to cement-based materials
(Moraes et al 2015) to improve their strength
(Dwivedi et al 2006).

For woody biomass, such as willow, Vassilev
(2013b) concluded that the temperatures of the
initial deformation, spherical morphology, hemi-
spherical morphology, and fluid phase for willow
stem ash are 1453°C, 1518°C, 1528°C, and
1550°C, respectively. Qu et al (2015) found that
willow leaves heated to 500°C could synthesize
carbon nanospheres and adsorb rhodamine B and
heavy metals. Another woody biomass, poplar
leaves, is usually used to prepare biochar; Bai
et al (2017) used corn straw and poplar leaves to
prepare biochar with different pyrolysis temper-
atures and found that two biochars possessed
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similar characteristics with increasing pyrolysis
temperature, including elemental analysis, ash
content, and pH. Akhtar et al (2016) investigated
the physicochemical characteristics of leaf litter
from large tree species such as Populus deltoides.
Low ash content and high volatile matter were
observed from P. deltoides leaves. A fibrillar
structure and a maximum crystallinity index were
observed in the P. deltoides leaf, and the study
concluded that the leaf litter of P. deltoides can
also act as a potential feedstock for biofuel
production. However, few reports of Si and Al
transformations during the combustion of the
populus leaf are available.

Water is the primary component of cement-based
materials, and therefore, the water solubility and
reactivity of PLA should be investigated. Some
studies showed that the water-soluble phases of
BA mostly include alkali and alkaline earth el-
ements: 1) highly soluble phases (chlorides,
sulfates, oxides, hydroxides, nitrates, carbonates,
and bicarbonates); 2) certain less-soluble phases
(carbonates, phosphates, and oxides); and 3)
some slightly soluble phases (phosphates and
silicates) (Vassilev et al 2014). Moreover, water-
soluble phases could transform to more stable
acid-soluble and acid-insoluble forms (Jordan
and Akay 2012).

Reference investigations also showed that the
content of water-soluble fractions in BA is high
(Baxter et al 1998; Van et al 2008) and can be up
to 61.0% (Lima et al 2008). The pH values of
biomass to be investigated and the soluble Ca,
Mg, K, and Na hydroxides, oxides, carbonates,
and bicarbonates in BA are also responsible for
high pH in BA (Steenari et al 1999). At the same
time, it was found that pH values of woody BAs
are higher than those of cereal and straw BAs
because of the higher Ca and lower S and Cl
concentrations in the woody ashes (Etiegnit et al
1991; Ulery et al 1993; Demeyer et al 2001).

In this study, the composition and microstructure
of PLA at 500°C, 700°C, and 850°C calcination
temperatures were investigated. The pH values,
conductivities, and zeta potentials were measured
after mixing the PLA in deionized water for 0-2 h.

The mineralogy and Si 2p and Al 2p chemical
bonds of the PLA samples and water-leaching
residues were investigated. This knowledge is
essential for understanding the influence of cal-
cination temperature on the characteristics of
PLA and for determining the water-leaching
properties of PLA. These conclusions could be
helpful for assessing the possibility of PLA use in
cement systems.

MATERIALS AND METHODS

Fallen poplar leaf samples were collected from
the Taiyuan city suburb, Shanxi province, China,
in autumn. The samples were washed using tap
water to remove impurities, dried at 105°C for
24 h in a circulating oven, crushed to a 1-cm grain
size, and placed into a muffle furnace to calcine
for 3 h at 500°C (PLA-500), 700°C (PLA-700),
and 850°C (PLA-850). The cooled PLA was
milled by sealing the sample preparation machine
and was filtered using a 0.074-mm membrane
filter. The samples were characterized by laser
granulometric distribution, X-ray photoelectron
spectroscopy (XPS), scanning electron micros-
copy (SEM), and X-ray powder diffraction
(XRD). The samples from the three calcination
temperatures were dissolved in deionized water
at a liquid-to-solid (L/S) ratio of 2/15 L/g, and
pH values and conductivities of the solutions
were tested at 15-min intervals during the 2-h
dissolution time. The zeta potentials were mea-
sured at 30-, 60-, and 90-min dissolution times.
The residues after leaching at 15 min and 2 h
were dried in the oven at 80°C, and XRD
analysis was carried out on the dried residues.
Ordinary Portland cement (OPC) was also dis-
solved in deionized water at an L/S ratio of 2/15
L/g to test the zeta potential for comparison with
the PLA samples.

The grain size distribution (GSD) of PLA can
affect the resultant paste consistency, chemical
reactivity, and the overall hydromechanical
properties (Feng et al 2018). The GSD curves of
the PLA samples were determined using a
Malvern Laser Mastersizer S 2000 (Malvern
Instruments Inc., Worcestershire, UK) with an
accuracy of �1%.

Qi et al—PHYSICAL AND CHEMICAL CHARACTERIZATION OF CHINESE FALLEN PLA 311



The main chemical composition of PLA (in the
form of oxides) was determined by XRF (ZSX
Primus II; Rigaku Corp., Tokyo, Japan). The
samples were disposed according to GB/T 28731
(2012) and GB/T 30726 (2014).

The microstructure analysis of PLA 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., She-
nyang, China) to avoid charging problems.

The minerals of PLA and PLA residuals were
characterized by X-ray powder diffractometry
using an Ultima IV Rigaku diffractometer
(Rigaku Corp.) equipped with Cu Kα1, 2 (λ ¼
1.54178 Å) radiation with a generator voltage of
40.0 kV and a current of 40.0 mA. The 2θ range
of 5°-90° was used for all powders in continuous
scan mode with a scanning step of 0.02° at a rate
of 10°/min.

Zeta potentials in the aqueous solutions of PLA
and OPCwere characterized using a microscopic
electrophoresis apparatus (JS94H; Powereach
Corp., Shanghai, China) with a Ag electrode.
The measurement parameters were as follows:
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 and con-
ductivity values of the solutions were measured
using an LEICI PHSJ-3 pH meter and LEICI
DDS-307A conductivity meter (INESA Scien-
tific Instrument Co., Ltd., Shanghai, China),
respectively. The pH and conductivity were
tested three times, and the average values were
obtained.

An XPS analysis for PLAwas performed using an
Axis Ultra DLD instrument (Kratos, Manchester,
UK) for surface characterization. Photoelectron
emission was excited via a monochromatic Al
Kα line with an energy of 1486.67 eV. 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.

RESULTS AND DISCUSSION

According to the GSD curves of the samples
(<0.074 mm, Fig 1), the particle size of PLAs at
different calcination temperatures exhibits nearly
continuous gradation. Moreover, the specific
surface area decreased, and the median particle
diameter increased with increasing calcination
temperature (Table 1).

As Table 1 shows, the loss on ignition in-
creased with increasing calcination temperature.
Depending on the combustion temperature, the
chemical composition of PLA varies. Mostly, a
higher proportion of silica, potassium oxide,
magnesium oxide, and lime compounds was
observed in the PLA composition. The abun-
dance of K and Ca in PLA, together with the
high Si content, favors the formation of alkali-
rich silicates and, thus, decreases the ash melting
temperature (Zhu et al 2018). Moreover, a high
SO3 content was found in the PLA samples,
which means that more S content would be fixed
in the form of K2SO4 in the PLA samples (as seen
in the XRD results). The K and Cl contents for
PLA-850 were the lowest of the three calcination
temperature samples, which could be explained
by the release of gas-phase KCl at 850°C from
PLA (Knudsen et al 2004). Meanwhile, the
contents of the refractory elements Na, Mg, Ca,
Fe, Al, and Si, as well as S and P, are nearly
constant or slightly higher with increased tem-
perature. This augmentation could be attributed

Figure 1. Grain size distribution of poplar leaf ash (PLA) at
500°C, 700°C, and 850°C calcination temperatures.
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to an increase in the relative content of these
elements with the release of volatile species. The
augmentation of Mg, Ca, P, and S contents in the
ash implies that more high–melting-temperature
substances are formed (Bostrom et al 2012).

Figures 2 and 3 show the relationship between
conductivity and dissolution time and the re-
lationship between pH value and dissolution time
of PLA after treatment at 500°C, 700°C, and
850°C and mixing in an aqueous solution, re-
spectively.When PLAs from different calcination
temperatures were dissolved in deionized water,
the pH of the aqueous solution was greater than
10.8 for the duration of the dissolution time, from
0 to 120 min. The high levels of K2O and CaO are
responsible for the high alkalinity of the water
medium (Font et al 2017), and these compounds
are also identified in the PLA (especially in PLA-
700 and PLA-850, as seen from XRD). The se-
quence of pH values and conductivities appeared
to follow PLA-850> PLA-700> PLA-500 at all
dissolution times, showing more active ions and
OH� in the PLA-850 aqueous solution. More
soluble minerals (eg CaO and K2SO4) were found
in PLA-850; CaO could react with H2O to pro-
duce Ca(OH)2, which leads to the higher pH
value.

The pH values changed slightly with increasing
dissolution time, which indicated minimal con-
sumption of OH� participating in chemical reac-
tions in the PLA aqueous solutions. For PLA-850,
the conductivity value decreased with the in-
creasing dissolution time, which indicated that the
total ion concentration declined with the dissolu-
tion time. For PLA-700, the conductivity slightly
decreased with the increasing dissolution time.
Compared with samples treated by relatively high
temperature, the conductivity changes of PLA-500
were not obvious. These results indicated small
variations in ion concentrations in PLA-500 and
PLA-700 during dissolution in the aqueous
solution.

To determine the role of surface charge on re-
pulsion, the zeta potentials of PLA samples were
calculated and were found to be negative values
(as shown in Table 2). This result indicates thatT
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the surface of PLA particles has a moderately
negative charge. The surface of PLA particles is
rich with oxides of SiO2; the available negative
charge sites of the silica surface are dominated
in high pH. Moreover, the presence of oxygen
and carbon in PLA contains functional groups
such as carboxylic groups. This functional group
(COO�) has negative surface charge and can
increase the cation exchange capacity of the
adsorbent (Hafshejani et al 2015). An electro-
negative surface of PLA particles can be bene-
ficial for repulsion of anion-like cement.

The zeta potential for PLA-850 changes slightly
with increasing dissolution time because of the

relatively stable pH value of the aqueous solution.
The zeta potentials for PLA-500 and PLA-700
first increase and then decrease as the dissolu-
tion time increases. Early in dissolution, the
particle surfaces constantly absorb anions from
the mixing solution, which adds to the negative
charge. This process may explain the increase in
zeta potentials over the interval from 30 to 60
min. With increasing dissolution time, the K and
Ca ions could react with OH� existing on the
surface of the PLA particles, producing new
minerals that surround the particles and cause a
charged double layer that is compressed by
electrostatic interactions. This may explain the
decline in zeta potentials in the interval from 60 to
90 min (Moghal and Sivapullaiah 2012).

Although the negatively charged surface of PLA
is the same as OPC particles, the zeta potential
values of PLA are less than those of OPC. The
repulsive force is limited, and adding PLA to the
cement system to improve the flowability of
the slurry for the cementing materials is not
recommended (Givi et al 2010).

Microphotographs reveal that some irregularly
shaped materials appeared at the surface of PLA-
500 particles (Fig 4(a)). As the thermal temper-
ature increased, the quantity of the irregularly
shaped materials decreased. More compact struc-
tures were observed in PLA samples, and these
behaviors indicated an incipient sinterization
process. The SEM images obtained confirm
particle aggregation when poplar leaf samples
were thermally treated. Compared with PLA at
700°C (Fig 4(b)) and 500°C, larger numbers
of agglomerated particles were observed on the
surface of the PLA sample treated at 850°C. The

Table 2. Zeta potential (mV) of PLA calcined at 500°C,
700°C, and 850°C after dissolving in aqueous solution for 30,
60, and 90 min.

Sample

Steep time (min)/zeta potential (eV)

30 60 90

PLA-500 �1.228 �12.651 �10.389
PLA-700 �10.156 �14.781 �6.966
PLA-850 �7.514 �9.127 �8.817
OPC �12.570 �25.854 �15.546

PLA, poplar leaf ash.

Figure 2. Relationship between the conductivity and dis-
solution time of poplar leaf ash (PLA) after treatment at 500°C,
700°C, and 850°C and mixing in an aqueous solution.

Figure 3. Relationship between pH value and dissolution
time of poplar leaf ash (PLA) after treatment at 500°C,
700°C, and 850°C and mixing in an aqueous solution.
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aggregation phenomenon is related to the pro-
duction of alkali silicate minerals at 850°C (Fig
4(c)). Moreover, the SEM results corroborate the
grain size results that bigger PLA particle sizes
correspond to higher calcination temperatures.

Figure 5 shows the major minerals in the PLA
samples with different calcination temperatures
and in all the different calcination temperature
residue samples with 15- and 120-min dissolution
times. From Fig 5(a) and (b), calcite and potas-
sium sulfate can be found in the PLA-500 and
PLA-700 samples. At the calcination tempera-
ture of 850°C (Fig 5(c)), CaCO3 disappeared,
decomposing to CaO and CO2. Magnesite is
easily identified in the PLA-850. Crystalline Al-
and Si-containing minerals are hardly identifiable
in the PLA samples.

When the PLA-500 and PLA-700 samples dis-
solved in the aqueous solution, soluble minerals,
such as potassium sulfate, disappeared from the
XRD results. Insoluble minerals, such as calcite,
remain in the PLA residue samples and do not
vary with dissolution time (as seen from Fig 5(a)
and (b)).

Table 3 shows the major analysis for Si- and Al-
containing minerals in the PLA-850 residue
samples after dissolving for 15 and 120 min,
which could not be found in the PLA-850 sample
(Fig 5(c)). This phenomenon could be explained
in two ways. One explanation is that during the
process of PLA calcinated at 850°C, some
amorphous SiO2 would be produced; the SiO2 is
able to incorporate with an interstitial cation, such
as Naþ, Kþ, or Ca2þ, in the hollow regions of six-
membered tetrahedral SiO4/2. The productions of
silicate minerals were formed. These inclusions
mainly involve the valence of compensation el-
ements, requiring an open structure for crystalline
phase transformations (Soltani et al 2015). These
Si- and Al-containing minerals are deposited in
the middle of the PLA samples. Soluble materials
exist on the surface of PLA samples dissolved in
aqueous solution, such as potassium sulfate and
lime, and these Al- and Si-containing minerals
would be exposed at the surface of the particles
and could be identified by XRD.

The other possible explanation is that the surface
of PLA is negatively charged (as seen from the

Figure 4. Scanning electron microscopy images of poplar leaf ash at different calcined temperatures: 500°C (a); 700°C (b);
and 850°C (c).
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zeta potential results) so that precipitate chemical
reactions happened during the dissolution pro-
cess. Furthermore, the metals are adsorbed in
PLA by a strong tendency toward chemical
bonding between the metal groups and the oxide
surface (Liu et al 2018). The silicate precursors
were formed in situ by dissolution of amorphous
silica particles by an alkaline solution (Simonsen

et al 2009). However, the reaction degree is very
low, as can be proven from the pH values and
conductivities of PLA-850 dissolved in aqueous
solution.

XPS is a widely applicable tool to probe surface
chemical compositions and atomic structure en-
vironments. Figure 6(a) and (b) shows the fitting of

Table 3. Major minerals in the PLA-850 residue after 15- and 120-min dissolving time.

Sample Minerals Diffraction angle (°)

PLA-850 residue after
dissolving for 15 min

Tobermorite Ca5(Si6O16)(OH)2 11.156, 7.303, 9.566
Biotite KFeMg2(AlSi3O10)(OH)2 5.337, 9.242, 10.211
Fluorphlogopite K0.86Mg2.31Li0.69Al0.16Si3.84O10F2 5.310, 9.190, 40.580
Phlogopite KMg3AlSi3O10OHF 5.30, 9.20, 20.20
Annite K2(Fe5þ2Al)Si5Al3O20(OH)4 5.369, 9.297, 10.268
Larnite Ca2(SiO4) 5.502, 6.762, 9.339

PLA-850 residue after
dissolving for 120 min

Quartz SiO2 4.914, 5.404
Merwinite Ca3Mg(SiO4)2 9.336, 5.301, 13.286
Biotite K[Mg, Fe]3Al(Si3O10)F2 5.329, 9.230, 10.219
Phlogopite KMg3(Si3Al)O10(OH)2 5.329, 9.234, 20.098

PLA, poplar leaf ash.

Figure 5. X-ray powder diffraction patterns for PLA-500 (a), PLA-700 (b), and PLA-850 (c) for no dissolution and
dissolving for 15 and 120 min; key for major minerals: Ca-Calcite (CaCO3); P-potassium sulfate (K2SO4); M-magnesite
(MgCO3); and L-lime (CaO).
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Si 2p andAl 2p lines, respectively, taken from PLA
samples with different calcination temperatures.

As Fig 6(a) shows, the binding energy peaks of Si
2p lines for PLA-500, PLA-700, and PLA-850
are situated at approximately 102.8, 101.75, and
101.4 eV, respectively. The peak position of Si 2p
lines appeared at a lower position with increasing
calcination temperature because the Si bond is
transformed after calcination of PLA samples.
The Si 2p lines in PLAs with different calcination
temperatures could be resolved into different
contributions, which means that Si 2p in PLA can
be made up of different chemical bonds, such as
Si-O-Si, Si-OH, and SiO2.

The Si 2p line in PLA-500 depends on the silica
because of the high peak position with a distri-
bution from 103.1 to 103.8 eV (Paparazzo et al
1992); a possible candidate would be amorphous
opal because crystalline silica was not found in
PLA-500 by XRD. When the calcination tem-
perature is 700°C, some amorphous SiO2 would
transform the relatively stable framework silicate
structure, namely, quartz. The other amorphous
SiO2 would synthesize silicate minerals, namely,
merwinite. The Si-O-Si and Si-OH bonds located
at a low peak position, �101.0-102.6 eV, are re-
sponsible for the lower position of the Si 2p line in
the PLA-700 sample. When the calcination tem-
perature is 850°C, more Si-OH had been synthe-
sized, which led to the lower peak position of Si 2p
than for the PLA-700 sample (Ljiljana et al 2017).

Under alkaline conditions, the surface silanols
interact with OH� to form negatively charged

surface species via protonation (Eq 1) (Zhu et al
2017):

> SiOHþOH� ¼ > SiO� þH2O; (1)

where > SiOH and >SiO� stand for the neutral
and deprotonated surface sites, respectively.

The characteristics of surface sites could sig-
nificantly affect the solubility and reaction
mechanisms of silica minerals. Greater > SiO�

structure could be responsible for the higher peak
position of Si 2p when the PLA samples are
dissolved in aqueous solution. For the chemical
composition of PLA with different calcination
temperatures (Table 1), measurements of the Al
2p lines detected by XPS fluctuated and had
significant noise because of low Al content, so
fitting lines were added to the figure. The charged
environment with an octahedrally coordinated Al
ion is more polarizable than that with a tetrahe-
drally coordinated Al ion. The Al 2p binding
energy of an octahedrally coordinated Al ion is in
the range from 74.1 to 75.0 eV, whereas the
binding energy of a tetrahedrally coordinated Al
ion varies from 73.4 to 74.55 eV (Black et al
2003). The binding energies for Al 2p line peaks
of PLA-500, PLA-700, and PLA-850 are situated
at approximately 73.86, 73.76, and 73.90 eV,
respectively. The Al 2p lines for PLA are related
to tetrahedrally coordinated ions. When the PLA
samples were dissolved in aqueous solution, the
peak position of Al 2p shifted toward higher
binding energies located at approximately 74.52,
74.48, and 74.12 eV for PLA samples with dif-
ferent calcinations temperatures, which indicated

Figure 6. Si 2p (a) and Al 2p (b) line shifts of PLA at 500°C, 700°C, and 850°C calcination temperatures.
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that some tetrahedrally coordinated Al ions trans-
formed into octahedrally coordinated bonds.

CONCLUSIONS

1. The specific surface area decreased, and me-
dian particle diameter increased with increas-
ing calcination temperature. The dominant
components of silica, potassium, magnesium,
and calcium were observed in PLA. For the
value of conductivity, PLA-850 had the
highest, PLA-700 was moderate, and PLA-
500 was the lowest. For the acid–base prop-
erty, PLA-850 had strong alkalinity, PLA-700
was moderate, and PLA-500 was the weak
alkalinity.

2. The zeta potential of PLA was calculated to be
a negative value, and the zeta potential for
PLA-850 changed slightly with increasing
dissolution time. The absolute value of the zeta
potential increased and then decreased with
increasing dissolution time for PLA-500 and
PLA-700.The SEM results showed that as the
thermal temperature increased, the quantity of
irregularly shaped materials decreased, and a
more compact structure was observed in PLA
samples.

3. Major mineral components were identified by
XRD. Calcite and potassium sulfate can be
found in the PLA-500 and PLA-700 samples,
whereas magnesite and lime are easily iden-
tified in the PLA-850. When the PLA samples
were dissolved in aqueous solution, the soluble
minerals, such as lime and potassium sulfate,
disappeared from the XRD results. For PLA-
850, Si- and Al-containing minerals could be
found. From the XPS analysis, the Si 2p peak
was located at a lower position because of
additional Si-OH synthesized with increasing
calcination temperature. The Al 2p line for
PLA is related to tetrahedrally coordinated Al.
When the PLA samples were dissolved in
aqueous solution, the Si 2p and Al 2p lines in
PLA residues located at higher peak positions
corresponding to the PLA samples. Overall,
because of its low chemical activity and low
zeta potentials, PLA is not recommended for
use in cement systems.
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