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a b s t r a c t

Biomass is an abundant and clean resource with good application value. However, due to high contain of
alkali metals, it causes boiler’s corrosion and slagging during utilization. In this paper, pyrolysis exper-
iments were carried out from 200 to 1000 �C and a series of detection methods are applied to explore
occurrence, release and conversion characteristics of wheat straw. When temperatures are raised from
200 to 1000 �C, water-soluble K releases first. Then NH4Ac soluble K converts to water-soluble K. It is
found that NO3

� content is high, which accounts for 27.11% of total anions. At low temperatures (<400 �C)
35.50% K will release as KNO3, which is larger than that of the solid fuels with less NO3

�. Meanwhile part
of K and Cl enriches on particles surface due to carrying of moisture. When temperatures are higher than
400 �C, K is mainly released in the form of KCl. As KCl on the sample surface is released, K and Cl inside
the sample can’t reach the sample surface. At 600 �C, the total KCl content increases to the maximum.
Furthermore it is found that NH4Ac soluble K can convert into water-soluble K. When it is 800 �C, K
release is 53.66%. And K release accounts for 55.26% at 1000 �C.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Wheat is a cereal crop widely cultivated all over the world,
which is one of the three major cereals, and its caryopsis is one of
the major staple foods of human beings. It is also one of the most
important food crops in China. Currently, wheat is widely grown in
23 provinces in China and the area plantedwith wheat is more than
24 million hectares with a production of 131.44 million tons in
2018. Due to the large amount of wheat planted, the production of
wheat straw is also huge. Wheat straw production per year is about
1.8� 109 t. Therefore, wheat straw as a biomass has the character-
istics of stable source and huge reserves and effective utilization of
wheat straw can greatly alleviate the fossil energy crisis [1,2] and
improve environmental pollution problems [3e5]. However, the
alkali metal elements (mainly K) inwheat straw are rich andmainly
in the form of inorganic salts [6,7]. Since the alkali metal inorganic
salts have low melting points, they are easily released during py-
rolysis or combustion [8e11]. When the wheat straw is heated, part
High-Temperature Gas Dy-
of Sciences, Beijing, 100190,
of the alkali metal will release, causing corrosion of the boiler
furnace [12e15]. The gaseous alkali metal will condense, adsorb
and deposit on the heated surface of the boiler furnace, causing
problems such as fouling and scaling of the furnace, which seri-
ously affects the heat transfer of the boiler [16e21]. These problems
cause serious obstacles to the development and utilization of wheat
straw [22e26]. If we can clarify the occurrence, the transformation
and release mechanisms at different temperatures of alkali metals,
we can more effectively purify the gas during the combustion and
pyrolysis of wheat straw. Wheat straw will be used more reason-
ably and effectively [27,28].

Velizar et al. [29] perform a cross-flow washing of wheat straw
and beech wood chips. Based on the experimental results, a model
of the leaching process of alkali metals and alkaline earth metals is
established.Wang et al. [30] study the effect of surface temperature
of FeeCreNi alloy probe on the condensation of alkali metal vapor
during wheat straw burning. It is found that when the temperature
reached 815 �C, a large amount of K was released in the form of KCl.
Li et al. [31] study the effects of wheat straw and temperature on
the release and transformation of alkali metals during the mixed
combustion of coal and S-rich straw. The results show that the
mixed effects of Fe, Ti, S, Si and Al can reduce the amount of K and
Na released during the co-firing process.Wu et al. [32] co-fired corn
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stalks with coal and measured the ash content. The results indicate
that the addition of Ca reduces the release of HCl(g) and leads to
more release of KCl(g) and KOH(g). The experiments were operated
under differentmass blending fraction and temperature conditions.
Liu et al. [33] used the laser induced breakdown spectroscopy (LIBS)
to detect the mixture of Zhundong coal and corn stover to study the
release characteristics of alkaline materials during co-firing. It was
found that the higher the proportion of biomass in the blend, the
earlier the peak concentration of the alkaline substance appeared
and the peak concentration of sodium decreased and potassium
increased. Jonathan et al. [34] use a macro-TGA (thermogravimetric
analyzer) reactor to burn softwood and wheat straw at two tem-
peratures (700 �C and 1000 �C), collected residual ash and analyzed
its elemental composition. The results show that at 700 �C, the
release of potassium occurs mainly in the coke combustion process.
However, when the temperature is raised to 1000 �C, potassium has
begun to be released with volatiles in the absence of combustion.
Zhang et al. [35] study the conversion and migration characteristics
of K in wheat straw-coal mixed combustion in a laboratory-scale
BFB (bubbling fluidized bed) reactor. The results show that as the
temperature increases, the reaction between the bed material and
the wheat straw is promoted, resulting in the enrichment of K in
the bottom phase. At higher combustion temperatures, K is pre-
dominantly in the form of an aluminosilicate.

The above scholars have studied occurrence or release charac-
teristics of alkali metals in different types of biomass. But the
relationship between the occurrence and release characteristics of
alkali metals has not beenwell established. It is worth emphasizing
that the release characteristics of alkali metals are closely related to
their occurrence. Alkali metals with different occurrence have
different release characteristics. In addition to this, for the same
occurrence of alkali metal, such as water-soluble alkali metals,
different release characteristics are also observed due to that the
different anions combine with them. Therefore, in this experiment,
the occurrence of alkali metals in wheat straw was first obtained.
Wheat in China is mainly grown in the northern region. In order to
study the transformation and release characteristics of alkali metals
in wheat straw, a typical sample (the wheat straw in northwestern
Shandong Province) was selected as the research object. The sam-
ples were subjected to industrial analysis and elemental analysis.
Then, the microwave digestion experiments and the chemical
extraction experiments were carried out. The alkali metals forms
and content in wheat straw were obtained through inductively
coupled plasma atomic emission spectrometry (ICP-AES). And the
relative content of different kinds of inorganic salts of alkali metals
(mainly K) is obtained according to the different anions and cations
concentration and the charge balance. Finally, pyrolysis experi-
ments at different temperatures (200e1000 �C) were carried out to
obtain the characteristics of alkali metal release at different py-
rolysis temperatures. X-ray photoelectron spectroscopy (XPS), X-
ray diffraction (XRD), and the scanning electronmicroscope-energy
dispersive spectroscopy (SEM-EDS) were used to analyze the
samples obtained by pyrolysis. At different temperatures, the
release of alkali metals, the total and surface content of Kþ and Naþ

were obtained. By carrying out experiments and analyzing the
experimental results, the occurrence form of K in wheat straw is
obtained and the relationship among the different forms of
Table 1
Proximate and ultimate analysis of Wheat Straw.

Proximate analysis (%) Ultimate anal

Mad Aad Vad FCad Cad

2.74 9.28 59.32 28.66 41.82
occurrence, different kinds of alkali metal salts and the release
characteristics is established.

2. Experimental

2.1. Experimental materials

In this paper, the wheat straw is selected from the northwestern
part of Shandong Province of China as the research object. The
straw is dried at 105 �C for 3 h and then ground. The straw powder
is sieved, which has a particle size of less than 0.56mm is selected
as the experimental sample. The samples are then subjected to
proximate analysis and ultimate analysis. The results are shown in
Table 1.

2.2. Experimental procedures

The result of alkali metal content in wheat straw is obtained by
microwave digestion experiment. Then, chemical extraction ex-
periments are carried out and three types of extraction solutions
(deionized water, ammonium acetate (NH4Ac) and hydrochloric
acid (HCl)) are used to extract the alkali metal. To ensure that each
extraction solution was able to thoroughly extract the corre-
sponding form of alkali metal, the samples in extraction solutions
were continuously stirred at 60 �C for 24 h in each set of experi-
ments. The alkali metals are divided into four forms: water soluble
(WS), NH4Ac soluble (NACS), HCl soluble (HS), and acid insoluble
(NS). The specific chemical extraction experimental procedure is
shown in Fig. 1 [36]. The concentration of various anions and cat-
ions in the filtrate was then detected by ICP-AES. The relative
amounts of various types of alkali metal salts are obtained.

Then, the effects of different temperatures on the release and
conversion of alkali metal were studied and the temperature range
was from 200 to 1000 �C. The experimental system is shown in
Fig. 2, which consists of a gas supply system, a horizontal furnace, a
temperature control system, and a gas analyzer. The length of the
furnace is 1000mm and the inner diameter is 60mm. To control
the constant pyrolysis temperature, a thermocouple is installed in
the middle of the furnace and temperatures are controlled by a
temperature control system. For each set of experiments, the tube
furnace is heated to the predetermined temperature under the
nitrogen atmosphere. Then, 3 g raw sample, which had not been
subjected to chemical extraction experiments, was placed in the
middle of the furnace and the furnace was kept at the constant
temperature for 10min to ensure that the sample was sufficiently
pyrolyzed. The gas generated by pyrolysis was introduced into a gas
analyzer for analysis. The fully pyrolyzed sample was cooled in the
nitrogen atmosphere and weighed. Finally, the samples are
analyzed by the XPS, the XRD, and the SEM-EDS. The changes in
alkali metal content and morphological characteristics of the
sample surface were observed by the SEM-EDS.

2.3. Detection methods

2.3.1. Inductively coupled plasma-atomic emission spectrometry
(ICP-AES)

ICP-AES is a spectral analysis method that uses an inductively
ysis (%)
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5.21 39.44 0.80 0.12 1.05
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Fig. 1. Chemical extraction experiments flow chart.
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Fig. 2. The horizontal tube furnace experimental system.

Table 2
Alkali metal content in wheat straw (mg/g).

Element K Ca Na Mg

Wheat Straw mg/g 20.89 5.89 0.64 1.49
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Fig. 3. Occurrence form of alkali (earth) metal in wheat straw.
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coupled plasma moment as an excitation source. It has the ad-
vantages of high accuracy, high precision, low detection limit, fast
measurement, wide linear range and simultaneous measurement
of various elements. In the experiment, ULTIMA2 type ICP-AES was
used, which determined the wavelength of Ca to select
l¼ 317.93 nm and the detection limit was DL¼ 0.003 mg/mL. The
wavelength of Mg was determined to be l¼ 279.08 nm, the
detection limit was DL¼ 0.02 mg/mL. The wavelength of Na was
selected to be l¼ 589 nm and the detection limit was DL¼ 0.02 mg/
mL. The wavelength of K was determined to be l¼ 766.49 nm and
the detection limit DL was 0.06 mg/mL. The wavelength selected by
P was determined to be l¼ 213.62 nm and the detection limit DL
was 0.05 mg/mL. The instrument error rate is less than 1%.

2.3.2. X-ray diffraction (XRD)
XRD is a research method for obtaining a diffraction pattern of a

sample (biomass) by X-ray diffraction and analyzing the spectrum
to obtain information on the composition of the sample, the
structure or morphology of internal atoms or molecules. Rigaku D/
MAC/max 2500 v/pc X-ray diffraction analyzer was adopted as the
experimental instrument with voltage of 40 kV, current of 200mA,
scanning mode of q/2q coupled continuous scanning, scanning
angle range of 5�e80�. The angle deviation is ±0.1�. The diffraction
energy spectrumwas processed and analyzed by Jade 6.0 software.

2.3.3. Scanning electron microscopy-energy dispersive
spectrometer (SEM-EDS)

SEM-EDS can obtain the alkali metal content and morphological
characteristics of the material surface. The high-resolution field
emission scanning electron microscope (SEM) uses the Czech Tes-
can Tescan Mira 3. The EDS uses an Oxford energy dispersive X-ray
spectrometer. The gold spray instrument uses the Japanese Hitachi
E�1045 ion sputter.

Sample preparation process:
Powder sample: A small amount of sample powder (about 3mg)

was uniformly dispersed on a sample stage to which conductive
paste was adhered, then a 5 nm thick nano gold particle film was
uniformly sprayed on the surface.

Test process: Put the sample stage into the electron microscope
sample chamber, vacuum. After the vacuum reaches 3� 10�3 kPa,
open the electron gun, start to observe the sample, adjust the focal
length, different multiples and areas, take pictures.

3. Results and discussion

3.1. Elemental analysis experiment of wheat straw

Through the microwave digestion experiment, it is found that
the alkali metal (in Table 2) in the wheat straw is mainly K and the
content is 20.89mg/g. Na content is relatively low and is 0.64mg/g.
Because K is an essential nutrient for plants, which helps plants
absorb and balance other elements, regulate air and water circu-
lation, and help plants make and store nutrients. And excess Na can
adversely affect plant growth. The results of this experiment are
consistent with the actual situation of biomass.

By the chemical extraction experiments (comparing Fig. 3 and
Table 2), the alkali metal occurrence forms in the wheat straw is
obtained. The content of WS K is 15.87mg/g, accounting for 75.08%.
The content of NACS K is 3.36mg/g, accounting for 16.08%. The
content of HS K is 2.78%, and NS K is about 7.93%. The content of WS
Na is 0.27mg/g, accounting for 42.19%. The content of NACS Na is
0.28mg/g, accounting for 44.17%. The content of HS Na is 9%, and
the content of NS Na is 4.31%. The results show that WS K accounts
for the majority of the total amount of K and there is also consid-
erable NACS K. And Na has a similar occurrence form.

The concentrations of anions and cations in the wheat straw
filtrate are shown in Table 3 and Table 4. The total cationic charge is
13.97mmol/L and the total anion charge is 14.09mmol/L. The total
anion and cationic charges are basically conserved and the anion
price is slightly higher. This is due to the measurement accuracy
limitations and measurement errors of the instrument. The cations
are mainly Kþ and Ca2þ and the anions are mainly Cl� and NO3

�. The
content of K is about 80%. According to the ratio of the anion, about
80% of WS K is KCl, 13% is KNO3, 4% is K2SO4, and 2% is K3PO4. Ac-
cording to the above analysis, it is considered that WS K in the
sample exists as a hydrated ion or a crystal such as KCl, KNO3,



Table 3
Anion concentration of wheat straw filtrate.

Anion SO4
2- Cl� PO4

3- NO3
� Total charge

Mg/L 68.41 291.34 20.38 236.82 616.92
mmol/L 0.71 8.21 0.21 3.82 14.09

Table 4
Cation concentration of wheat straw filtrate.

Cation Kþ Naþ Ca2þ Mg2þ Total charge

Mg/L 396.27 6.86 46.39 14.33 436.87
mmol/L 10.16 0.30 1.16 0.60 13.97
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K2SO4, K3PO4 or the like. The sample contains a lot of nitrates,
which mainly due to excessive application of nitrogen fertilizer
during plant growth.

In order to further explore the content and distribution of alkali
metals in the samples, the SEM-EDS analysis is carried out. As can
be seen from Fig. 4, the contents of Si, K, Ca, Cl and Mg are shown.
According to the SEM results (face sweep), it is found that K, Cl and
Ca are evenly distributed on the surface. Combined with the results
of chemical extraction experiments, it is found that most of K in the
wheat straw is WS K and is evenly distributed in the straw. And the
uniform distribution of K, Cl, S and Si at the same position indicates
that K can form KCl, K2SO4 and the silicate with Si. This result is
consistent with the analysis of the anion and cation concentrations
of the wheat straw filtrate. The phenomenon that Ca, Mg and S
appear at the same place indicates that Ca and Mg exist in the form
of CaSO4 and MgSO4.
3.2. Alkali metals release characteristics during pyrolysis

Then, the wheat straw was pyrolyzed at different temperatures
(at 200 �C, 400 �C, 600 �C, 800 �C and 1000 �C). And the pyrolysis
samples were subjected to SEM analysis. It can be seen from Fig. 5
(a) that the wheat straw presented fibrous structure before pyrol-
ysis, and the original microscopic physical structure of the wheat
straw remained after being ground and sifted. As shown in Fig. 5
(b), after pyrolysis at 200 �C, the physical structure of the sample
was substantially unchanged compared to the original sample. This
is because the temperature at 200 �C does not reach the tempera-
ture of the volatile splitting interpretation. And there is mainly the
precipitation of water in the sample. As shown in Fig. 5 (c), when
the pyrolysis temperature is 400 �C, some tiny holes began to
appear on the surface of the sample, and the microscopic structure
of the strip fibrous was destroyed and gradually broken. This is
mainly because the sample contains many volatiles. At a pyrolysis
temperature of 400 �C, a large amount of volatiles are released and
the sample structure is thus destroyed. As shown in Fig. 5 (d), when
the pyrolysis temperature of 600 �C, there are many holes on the
surface of the sample, and the microscopic structure of the fibrous
is further damaged, and there are a lot of debris around. This is
mainly because as the temperature increases, the release of vola-
tiles is more intense, and the organic matter is thermally cracked,
resulting in a more broken sample structure. As shown in Fig. 5 (e),
when the pyrolysis temperature is 800 �C, there is some of the melt
on the surface of the sample, the basic microstructure destruction.
And there are still a lot of debris around, this is mainly because the
pyrolysis melting point 800 �C has reached certain ingredients,
such as melting point is 770 �C of KCl, the sample in the melt. The
content of alkali metal K on the surface showed an increasing trend.
As shown in Fig. 5 (f), when the pyrolytic reaches 1000 �C, the
surface of the sample is molten and microcosmic physical structure
was destroyed.
The pyrolysis samples were subjected to the EDS analysis. And

Fig. 6 shows the alkali metal release during the wheat straw py-
rolysis at different temperatures. When the temperature is raised
from 200 to 400 �C, the release amount of Kþ is the largest. Ac-
cording to Tables 3 and 4 (Kþ concentration is 10.1608mmol/L, NO3

�

concentration is 3.8197mmol/L, and Kþ release amount is 35.5%),
and KNO3 has a melting point of 334 �C and the boiling point is
400 �C.When fully pyrolyzed at 400 �C, Kþmainly forms KNO3with
NO3

� and a large amount of Kþ is released in the form of KNO3.
When the temperature rises above 600 �C, NO3

� has been consumed
and Kþ begins to be released in the form of KCl.

From the above analysis, it is found that in the process of
increasing temperature, Kþ is first combined with the kind of an-
ions that can form a lowermelting inorganic salt. And Kþ is released
as K salt with this kind of anions and consumes most of these an-
ions. It has been known in the above that biomass (especially crops
that are heavily applied with nitrogen fertilizer) will contain more
NO3

� than coal. And KNO3 is an inorganic salt with a very low boiling
point. Therefore, at relatively lower temperatures, the alkali metal
in the wheat straw is more easily released than that in the coal, and
the amount of release will be larger. And the corrosion problem of
the equipment will be more prominent. This is also the reason why
the problem of corrosion and slagging is more serious in the pro-
cess of biomass burning.

Fig. 7 shows the XRD results of samples at different pyrolysis
temperatures. It can be seen that the accurate result of XRD mea-
surement is not obtained at 200 �C, which is mainly due to that the
organic matter and the bound water are not sufficiently decom-
posed at this temperature. The organic matter and bound water
interferes with XRD detection. When the temperature is raised to
400 �C, most of the bound water is decomposed and much KCl is
produced. When the temperature reached 600 �C, the content of
KCl inside the sample reached the maximum. This is mainly due to
the conversion of organic Kþ to inorganic Kþ. The temperature
continues to increase, and KCl content is lowered. When the tem-
perature reaches 1000 �C, KCl is released in a large amount and the
content is drastically decreased. Therefore, inside the sample, KCl
content reaches a peak at about 600 �C.

In the surface of the sample, the content of Kþ and Cl� shows a
different law from the internal content. Fig. 8 shows the content of
Kþ and Cl� on the surface of wheat straw under different pyrolysis
temperatures. As the pyrolysis temperature increases, Kþ and Cl�

on the surface of the sample will exhibit “M”-shaped fluctuations.
When the temperature is raised from 200 to 400 �C, the content of
Kþ and Cl� on the surface is greatly increased. This is mainly due to
decomposition of a large amount of the bound water at 400 �C. The
water will spread outward and carry various ions to the surface of
the sample. At this time, the temperature is far from reaching the
melting point of KCl, K2SO4 and K3PO4, so the amount of their
volatilization is small. These K salts continue to reach the surface
and are enriched, resulting in a large increase in the content of Kþ

and Cl� on the surface of the sample.
When the temperature is raised to 600 �C, since most of the

bound water has been decomposed, it is impossible to carry more
ions to the surface of the sample. When the temperature continues
to rise, the amount of KCl released increases. So Kþ and Cl� content
on the surface of the sample are greatly reduced. However, at this
time, KCl content inside the sample appears a peak. When the
temperature continues to rise to 700 �C, the volatiles are released in
large quantities and the temperature approaches the melting point
of KCl. Kþ and Cl� content of the inorganic form inside the sample is
large and is carried out by volatilization. Therefore, Kþ and Cl�

content on the surface of the sample is increased.
When the temperature is raised to 800 �C, most of the volatiles



(a). SEM

(b). EDS
Fig. 4. SEM-EDS of wheat straw.

Y. Zhang et al. / Renewable Energy 151 (2020) 255e262 259
have been consumed, and the temperature has exceeded the
melting point of KCl (at 770 �C). Part of the Cl� vaporizes in the form
of KCl, so Cl� content is reduced. In these conditions, Kþ in the form
of organic matter is still converted to that in the form of inorganic
salt, so Kþ content on the surface of the sample continues to in-
crease. When the temperature is raised to 1000 �C, the release of
KCl is remarkably enhanced, so that Kþ and Cl� content on the
surface of the sample is greatly reduced.

To verify that NACS K can be converted toWS K during pyrolysis,
the wheat straw is washed with deionized water for 24 h to ensure
removal of theWS alkali metal in the sample firstly. Then, 3 g of the
water-washed sample is subjected to pyrolysis, and the pyrolyzed
sample is washed with deionized water for 24 h again and then
filtered. The concentration of alkali metal ions in the filtrate is as
shown in Fig. 9. It can be seen that when the temperature continues
to raise, the concentrations of Kþ and Naþ are both stable within a
certain range of values. It can be concluded that the NACS alkali
metal will be converted to the WS alkali metal during the pyrolysis.

Fig. 10 shows the percentage of different forms of K in the wheat
straw pyrolysis sample at different temperatures. In combination
with the above analysis, it can be concluded that at 200 �C, due to
the decomposition of the hydrated ionic form K, the K content in
the NACS form decreases and WS K content increases. At 400 �C,
since a large amount of Kþ is released in the form of KNO3, the total



(a) 25°C (b) 200°C (c) 400°C

(d) 600°C (e) 800°C (f) 1000°C

Fig. 5. Microstructure of pyrolysis samples.
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K content is largely reduced and the relative content of NACS K is
increased. Thus, an increase in the ratio of NACS K toWS K results in
the reaction of NACS K to WS K to proceed. When the temperature
is raised from 400 to 600 �C, NACS K is continuously converted into
Fig. 10. The occurrence form of K in the pyrolysis semi-coke of wheat straw.



Fig. 11. Mechanism of conversion and release of K with temperature increase.
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WS K. So the relative content of NACS K is continuously decreased.
The temperature rises from 600 to 800 �C, which reaches the
melting point of KCl. WS K is released in large quantities in the form
of KCl, and the relative amount of NACS K in the form rises again.

Fig.11 shows themechanism of conversion and release of K with
temperature increase. As the temperature increases, the crystal
water first decomposes and releases, which carries K and Cl to the
surface of the sample and accompanied with the release of KNO3.
When WS K is released, the reaction of NACS K to WS K (NACS
K/WS K) occurs and will continue until water-soluble K relative
amount rises to a certain value.When the temperature continues to
rise to 600 �C, the volatiles begin to release and carry K and Cl to the
surface of the sample. When the temperature rose to 800 �C, KCl
begins to release in large quantities. And reaction of NACS K toWS K
(NACS K/WS K) occurs again.

From the above analysis, it can be concluded that the process of
converting NACS K into WS K is a dynamic process. Under certain
temperatures, when the ratio of NACS K to WS K exceeds a certain
value, NACS K is converted to WS K. The conversion will continue
until the ratio is reduced to this value. As the temperature con-
tinues to rise, WS K will vaporize in the form of inorganic salt and
the ratio exceeds this value again. Thereafter, NACS K is converted
toWS K. Therefore, the elevated temperature drives the conversion
of NASC K into WS K and the release of WS K, which is a process of
continuous circulation. The process of K release is always accom-
panied by the NACS K/WS K reaction.

4. Conclusion

In this paper the microwave digestion experiments, chemical
extraction experiments, SEM-EDS, XRD, ICP-AES, XPS are applied,
and the following conclusions can be drawn:

(1) Through chemical extraction and microwave digestion ex-
periments, it can be found that the alkali metal in wheat
straw is mainly K and the content of WS K is 75.98%, the
content of NACS K is 16.08%, the content of HS K is 2.78%, NS
K is about 7.93%. WS K in wheat straw is in the form of KCl,
KNO3, K2SO4, K3PO4, about 80% KCl, 13% is KNO3, 4% is K2SO4,
and 2% is K3PO4.

(2) During the pyrolysis, K will release a large amount in the
temperature range of 200e400 �C and 800e1000 �C. At
400 �C 35.50% of K will release as KNO3. At 600 �C, K release
amount accounts for 45.85% in KCl form. When the temper-
ature rises to 800 �C, K release accounts for 53.66% of the
total. And K release accounts for 55.26% at 1000 �C.
(3) It is found that NACS K can convert into WS K when wheat
straw is pyrolyzed. When the temperature is raised from 200
to 1000 �C, WS K releases first. WhenWS K content lowers to
a certain extent, NACS K begins to convert to WS K. This re-
action proceeds until WS K relative amount rises to a certain
value. This phenomenon appears repeatedly with tempera-
tures increasing.
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