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Alkali Related Issues in Combustion

Alkali Related Issues

Gas-Phase Alkali Release

Alkalis in the bed material
Fouling and corrosion of heat Alkali silicates form sticky melts
exchange equipment

Molten Ash
Particles

Agglomeration
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(a) Agglomeratmn from ash melting
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(b) Agglomeration from ash coating

Prominent modes of agglomeration
(Zimmerman et al. 2016)
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Alkalis in CLC of biomass

Oxygen-depleted Air Exhaust Main Hypotheses:

(02, Ny) (CO, H,0) 1. Most alkalis will be released to the gas phase in the
FR

AR alkali release should be minimum
0coxidized

» Less issues for HX surfaces (most process heat is
recovered in the AR)

* FRflue gas alkali will be easier to handle: lower
Solid flow rate, can operate FR HX at lower temp.

Fuel "5 Overall gas-phase alkali release should be
comparable to combustion of biomass
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Alkali emissions measurement in 3 pilot systems

Chalmers 100 kW CLC Chalmers 10 kW CLC VTT 60 kW D-CFB CLC
limenite & CaMn limenite limenite, Braunite
[

PRODUCT GAS

FUEL FEEDING: @.‘5,'.,‘
LOCK HOPPERS

Fuel Bed and circulation
Feed | material sampling

BED MATERIAL & FUEL

cooling

10 jacket
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Methodology — SID Alkali Measurement System

SID-based Alkali Measurement
System

* Flue gas sampled at 900-1000°C
« 3 stages of sample dilution
 dilution tracking with CO,/O,

ammeter
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Surface lonization Detector (SID)
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Aerosol Diffusion
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sampling and dilution system

MFC — Mass Flow Controller
SMPS - Scanning Mobility Particle Sizer
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* Modular and transportable

« Sampling from AR and FR
 Dilution tracking for FR and AR
» Optimized for CLC conditions

» First measurement of gas phase
alkalis in CLC

Now tested at 5 different units
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Results: Alkali Emissions vs. Fuel Alkali Content
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Results: Alkali Emissions vs. Fuel Alkali Content
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100 kW 10 kW 60 kW D-CFB 60 kW D-CFB

IImenite & CaMn IImenite liImenite Braunite
Fuel mg alkali/kg fuel FR AR FR AR FR AR FR AR
Wood Pellets 324 1.9% 0.7% 2.9% 1.0%
Black Pellets 513 0.7% 1.7% 1.5%
Wood Char 1670 1.3% 0.1% 1.3% 0.5%
Pine Forest Residue 2200 0.7% 0.6%
Swedish Wood Char 2850 1.2%
German Wood Char 4510
Straw Pellet Mix 5890 1.1% 1.1% 0.7% 0.1%
Straw Pellets 6930 4.4% 2.8%

Alkali Emissions Distribution:
* 0.8 -7.2wt% of fuel alkalis are released to the gas phase
* AR emissions can be significant

« Several cases where AR emissions = or > FR emissions
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Results: Origin of AR emissions

o
From Combustion/Gasification experiments: §
+ <10% K is released in devolatilization *3
o]
« Majority of K release occurs above 700°C a‘r
- 60-80% of K is retained in the ash 3 3
n X
=% B
- O
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m-mh Devolauhzwabﬂ ‘.z.z L
Alkali wet fuel dry fuel char ash

retention> 100% 100%

>9 >60%
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Results: Origin of AR emissions

O KCl exp. O K2S04, exp. A K2CO3, exp.

Carryover of condensed alkalis to AR can occur
via carryover of:

1. Unconverted char
2. Ash

* Both can contain undecomposed K compounds

—
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« Continue gas phase release of alkali in the AR
» AR temperature is up to 100° C higher than the FR

Decomposition Rate (mg/hr)
=

600 700 800 900 1000 1100 1200 1300
Temperature (°C)

Potassium compound release rates vs.
Temperature (Knudsen et al. 2004)
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Results: Alkali Retention

100 kW 10 kW 60 kw D-CFB 60 kW D-CFB
Fuel mg alkali/kg fuel | llmenite & CaMn lImenite lImenite Braunite
Wood Pellets 324 97.5% 96.9%
Black Pellets 513 97.5% 96.8%
Wood Char 2200 98.7%
Pine Forest Residue 1670 98.6% 98.2%
Swedish Wood Char 2850
German Wood Char 4510
Straw Pellet Mix 5890 97.8% 99.2%
Straw Pellets 6930 92.8%

Alkali Retention:
» Retention is >92% for all oxygen carriers, fuels, and tests

» Retention was confirmed by bed material and filter material analysis
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Results: Alkali Retention

Retention can be divided into
1. Retention by fuel ash formation process - estimated at 60-80 wt%
2. Effect of OC material > 10-30 wt%

Both lImenite and Braunite can form the following stable compounds at CLC
temperatures:

 K-silicates
 K-aluminosilicates
« K-manganates

* llmenite can also form K-titanates
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Results: OCAC vs CLC Alkali Emissions

Alkali Emissions (mg Keg/min)
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Results: OCAC vs CLC Alkali Emissions

OCAC FR emissions CLC FR emissions
OC Material Fuel mg alkali/kg fuel (mg K/kg fuel) (mg K/kg fuel) % increase with CLC
B Wood Pellets 324 1.9 6.1 217%
limenite

Wood Char 1670 2.3 24.4 983%

Wood Pellets 324 9.2 8.7 -5%

Braunite Wood Char 1670 3.2 21.4 564%
Straw Pellets 6930 19.4 305.3 1470%

Effect of FR atmosphere:
* FR emissions in CLC mode higher than in OCAC mode
» Difference cannot be explained by temperature difference of the two modes
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Results: OCAC vs CLC Alkali Emissions

Steam-enhanced

| gl

OCAC FR atmosphere: N,, CO,, H,O, up to 10% O, i §E release pathway
CLC Atmosphere: CO,, CO, C1-C5, no O, and up to 85 % H,O E*Bi
Steam is known to accelerate K,CO4 and K,SO, decomposition § E%i
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CONCLUSIONS
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Conclusions:

« SID based measurements are well suited for alkali measurement in CLC

+ <10% of alkalis are release to the gas phase in CLC

* FR alkali emissions are typically higher than AR, but AR emissions can be significant
* >90% of alkalis are retained in condensed form

* CLC operation releases more gas-phase alkalis vs. OCAC operation

* FR’s steam content is responsible for increased emissions levels
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Thank You !
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