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Research Progress and Applied Technical Status of High Chlorine Coal Utilization
LI Liangyu, TAN Houzhang, WANG Xuebin®, RUAN Renhui, MA Daoyang, ZHENG Shijie, WANG Yibin
(MOE Key Laboratory of Thermo-Fluid Science and Engineering (Xi'an Jiaotong University),

Xi'an 710049, Shaanxi Province, China)

ABSTRACT: Nearly 40% of the predicted coal reserves in
China are located in Xinjiang. Shaerhu coal, which has a
reserve of nearly 100 billion tons is one of the typical Xinjiang
coals. It has low ash, low sulfur and excellent ignition
characteristics; however, the chlorine content in Shaerhu coal
can exceed 1%. Such rare high chlorine characteristic leads to
extremely serious coking, contamination and corrosion
problems in high-efficiency coal-fired power generation and
modern coal chemical industry, which restricts the safe,
efficient and clean utilization of Shaerhu coal. Under this
circumstance, the research progress and applied technical status
of high chlorine coal utilization technology in China and
abroad were reviewed as follows: 1) fuel characteristics,
distribution status and utilization technology of high chlorine
coal in the world and in China; 2) chlorine occurrence in coal
include inorganic forms (discrete chloride combining with
mineral elements, complex minerals containing chlorine, ionic
forms existing in water from pore of particles) and organic
forms (weak binding adsorption forms, strong binding covalent
forms); 3) during combustion and pyrolysis the influencing
factors of chlorine release and the transformation and migration
characteristics; 4) the mechanism of chlorine induced fouling
and corrosion of heating surface in the process of high chlorine
coal combustion; 5) the coupling mechanism of mercury and
other heavy metals with chlorine and role of CI in the
formation of dioxin; 6) chlorine control technology, including
flue gas dechlorination technology in front of furnace, in the
furnace and after furnace. Based on the literature research and
analysis, this paper put forward some suggestions for the basic
research focus and the direction of technology development in
the field of high chlorine coal in the future.
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Table 1 Distribution of high chlorine coal in China
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Table 2 Occurrence modes of chlorine in coal and its method
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Fig. 7 SEM of corrosion surface of
high temperature chlorine corrosion sample
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5 SXMIBRMRFECRBHMNBES
i AL

51 Sx=REEHAISNM

AW R R R A I IR e B S R T T Ok
T, AR TR R P AR A HL A S U2 H AT ARG
AR o — B b G 32 A R B HL
B, MAEWREVN, EVRR b VRS A R
AT DUE TR R, e R s SO0,
Thuss %580} 1 ] = &R (A &2 2000ppm) il
(S SR 300ppm) HHR T R B AU B
JH S+ PCDD/F R BELLF i s 7 5 A . (EARE
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Fig. 8 Relationship between CI content and
PCDD/Fs concentration and emission factors
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HH 5T R PCDD/PCDF JERH) 2 FiA %
7B 1 B SARS R, K 9@ TR T
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El9 ZIEZEAYE AL
Fig. 9 Formation mechanism of dioxins
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R INRAE R S T, A, R, BRTE
JEE AR v B A9 S5 35 A . Wang Z5 09517 3 4 U #4))
BRI A R KA BE SR B T B AR AR DR,
HSEEG R ZnS Fl PbS AT LUR IR ZE IS ik %, H
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B A LA CO R R piE HERR, 15 5/a4k4a it
IR AL [N . Wang IEWEE3] T 2 4R e R
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6.1 RIS
6.1.1 JK¥EHA

KAHEE T IEPE AR EAER R, 7Tl

B 10 BHAHEMAER(EEESRETEERFLES)
Fig. 10 Micro morphology of corrosion sample
(heavy metal elements were enriched at bright spots)[°
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X 4 Fift it SR (CNL,CN2,CN3,CN4) 7E [ 5 JK &l
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(8) EJFRZR
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ESSEM-EDS El%
Fig. 11 EESEM-EDS diagram of ironstone ultrasonic
impregnated by 5% CaO after ten cycles
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Fig. 12 Changes of dechlorination efficiency, combustion
efficiency and Ca/Fe molar ratio in 60 cycles of wet
impregnation, 5% CaO and 900°C conditions
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Nearly 40% of the predicted coal reserves in China
are located in Xinjiang. Efficient and clean use of
Xinjiang coal is an important guarantee to ensure China's
energy security and achieve the "3060 double carbon
goal”. Shaerhu coal, which has a reserve of nearly 100
billion tons is one of the typical Xinjiang coals. It has
low ash, low sulfur, and excellent ignition characteristics,
however the average received base chlorine content in
Shaerhu coal can exceed 1%. Such rare high chlorine
characteristic leads to extremely serious coking,
contamination and corrosion problems in high-efficiency
coal-fired power generation and modern coal chemical
industry, which restricts the safe, efficient and clean
utilization of Shaerhu coal. Under this circumstance, the
research progress and applied technical status of high
chlorine coal utilization technology in China and abroad
are reviewed.

Different forms of chlorine also behave differently
in the thermal process. Water-soluble chlorine can be
released as HCI when temperature is low (generally
below 500 °C). Chlorides (such as NaCl or CaCl2)
existing in the pores and micro pores of coal in the form
of hydration are relatively stable. So they will remain in
coke, until the coal char is gradually burned out. Some
metal chlorides are released at high temperature, which
generally evaporates beyond the alkali metal chlorides
melting point. Organochlorine may release in the

devolatilization early stage, may conversion to complex

S14

chlorinated organics, or may closely combined with coke.
The influencing factors of chlorine migration behavior
were summarized. It should be noted that organic
chlorine and inorganic chlorine can be transformed into
each other in the thermal process. The behavior of
chlorine in the co-combustion of coal with biomass or
solid waste is also concerned. In addition to chlorine
corrosion and contamination caused by chlorine, the
coupling mechanism between chlorine and heavy metals,
PCDD / Fs and PAH emission in the combustion of high
chlorine coal and control technology of chlorine in coal
are also concerned.

At last, based on the literature research and analysis,
this paper puts forward some suggestions for the
direction of technology development and research of
high chlorine coal in the future. It is suggested to carry
out further research on chlorine migration characteristics
of high chlorine coal in low-carbon conversion
technologies such as oxygen enriched combustion and
chemical chain combustion, and the basic research of
medium and low temperature pyrolysis and upgrading
should be paid enough attention. Further research is
needed for emission of heavy metals and dioxins in the
flue gas after the combustion of high chlorine coal. Also,
it’s important to carry out basic research on
dechlorination of high chlorine coal, especially for
Shaerhu coal, a typical high chlorine coal in Xinjiang;
how to develop water-saving dechlorination process is

particularly important.



