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CO, concentration: 95%
NOXx reduction: 30%-70%
SO, removal by limestone: 40%-90%
Thermal efficiency increase: 3%

Easy and efficient CO,
separation, recovery




‘ skr|{ How about NO, and SO, emissions

| In O,/CO, pulverized coal combustion?

Highly efficient, clean
coal combustion

. B

O,/CO, Pulverized coal combustio

* Easy and efficient CO, separatic

* Extremely low NO, emission
- Low SO2 emission

. B

Characteristics and
mechanisms
unknown
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Enrichment of mass(CO, , NO, ,
SO, ) In furnace
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Small amount of exhausted gas
as a system




$ Conventional pulverized coal combustion ]—\

« N ..
IiueI-S (SO,) CaSO, decomposition
< "f'
. Coal ) Low desulfurization efficieyl
\_
/—[ O,/CO, pulverized coal combustion
High CO, concentration
« N : it
Fuel-S (SO,) reaEcr’H?)%n?CE desulfurization
a',' * Inhibit Ca%idecomposition?
\ Coal y Possibility of high in-furnace
desulfurization efficiency
Recycled-S . I
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Characteristics and mechanisms: unknown /




»Flame Characteristics and Combustion behavior
» The mechanism of SO, and NOx reduction

» Limestone desulfurization reaction mechanism in
O,/CO,
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SO, emission decreased about 30-60% for
different coals at different temperatures
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» The presence of high concentration CO, can improve the
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Low CO, concentration} [ High CO, concentration}
CaCO, CaCO, does not decompose
decomposes

S0,/0,

Indirect sulfation:

0]

CaCO, = CaO + CO, Direct sulfation: 0
CaO + (1/2)0, + SO, = CasO, CaCO, + (1/2)0, + SO, = CaSO, + CO|

Sintering is mitigated

N . _ CO, formation and diffusion results in a
SO, is difficult to get into the particle porous product layer

Low reaction rate SO, is easy to get into the particle

CaO Sintering




50, recuction rnecnznisen i Oxy-
eI RECYCle CoMUSIORTSYSLEN

Small amount of SO, emission
Small amount of exhausted gas

COS formation

SO, retention by CaO in the coal

Higher Limestone desulfurization efficiency

Increase of n due to inhibition of CaSO4 decomposition
Increase of n due to recirculation of flue gas (sorbents)

About four times longer than in conventional coal
combustion owing to gas recirculation
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NOx emission decreased about 10-40% for
different coals at different temperatures
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NO recuction rnecnznisen in Oxy-
UEI HRECYClE COMIUSHIOITSYSLEN

Small amount of NO emission
Small amount of exhausted gas

No thermal NO

Decrease of N conversion due to increase of CO,
concentration

Reduction of recycled NO In the furnace

Interaction between fuel-N and recycled NO
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noncondensible

New Oxygen Carrier is
developed instead of metal
Oxygen Carrier (NiO/NI,
Fe,04/Fe;O,, CoO/Co,
CuO/Cu, Mn,;0,/MnO etc.)
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Caoture Tecnnology Basecd on
Earenation/ CalCINEtIoNNREACLIONS

| — CO, Capture During Combustion

Capture: CaO + CO, — CaCO;,

Regeneration: CaCO,; — CaO + CO,

Rotary
4 Calciner

CaO *

Coal I |
Heat




CO, Capture Technology Based or
A PoNaton CalCINatIoNIREEC LIRS

Il — CO, Capture During Gasification

Hydrogen . :.a s AT 1) SyngaS CO/H2
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Y CO, Capture: CaO + CO, — CaCO;,
Yc Regeneration: CaCO,; — CaO + CO,

— EXxperimental Research
® Calcination Kinetics at CO, and N, atmosphere
® Carbonation Reaction

— Numerical Simulation
® Calcination model for dispersed limestone particle GrEUA KA 1 bekizd)

® Fractal model for dispersed limestone decomposion (F &7 44
g IR

® Freedom pore model for carbonation of CaO under high
pressure (@ % FrREHLFLER)
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The family of reactions:

(Mg, Ca)xSiyOx+ (2y+z) H, (z+x) CO, — x(Mg,Ca)CO, + ySiO, +zH,0

Se rpentine:
MgO38-45%(wt%)
* Fe,O  %0(Wt%)
* H,013 %(wWt%)
e Reaction releases heat : + 64 kJ/mole
* One ton of serpentine can dispose of
approximately one-half ton of CO,

OI IvVine:
MgO45-50%(wt%)
e Fe2036-10%(wt%)
 Reaction releases heat: + 95 kJ/mole
e One ton of olivine can dispose of

approximately two-thirds of a ton of CO,
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The structural model of
Serpentine (antigorite)
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rhombohedral
magnesite
crystals GE&H™)

serpentine (i
2Ch)

« Sample was from an experiment in which the serpentine (heat treated at 650°C for
* 2 hrs) was exposed in a stirred autoclave to an aqueous solution of sodium
» bicarbonate and sodium chloride for one-half hour at T=155°C and Pco,=100 atm.
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» Oxy-fuel recycle combustion
» Chemical Looping Combustion fueled by coal

» Explore other CO, capture and Sequestration
method

Grant: 985 Program---Clean Combustion & Thermal Energy Conversion
Funding: RMB 12 Million




* Pilot-Scale flow chart (under construction)

Detect CO2 concentration . (recycle ratio)
Combustion behavior for typical Chinese coals (is feasible for retrofit application?)

SO2/NOx  emission and Control, ash Oe oS o




Future work
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Chemical Looping
Combustion fueled by
coal(uust s et 2z
B R )

a riser type oxidizer
rector, a bubbling,
two-compartment,
pressurized fluidized
reduction reactor
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Circulation CO2+External Steam
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