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Soot in coal pyrolysis
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Figure 2.5. Possible reaction pathways for soot generation in coal pyrol
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It was clear that soot in coal pyrolysis largely comes from tar.

tar molecules may react with molecules or radicals in the
gas phase such as H,0, CO, or OH
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Figure 5.9. Calculated soot yield profiles for Pittsburgh #8 coal using the optimized
kinetic coefficients in Table 5.2.
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Reactors used for heat

treatment

Reactor type

Process type
Temperature (K)
Particle size (mm)
Heating rate (K/s)

Heat treatment time (s)

FixBR

Batch
973
0.1
0.08
18000

DTR

Continuous
900-1573
0.1

10*
0.02-0.1

WMR/HSR

Batch
1573-2073
0.1

10*

3s
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COAL fast (DTR)

In CO, Soot is 3 times more abundant than in N,
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Coal tar N,/CO,
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Light tar in cold and hot gas (primary vs secondary)
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PAHs are favoured in hot gas

(Secondary tar has more PAHSs)

PAHs are favoured in CO,



Let’s move from coal to lignite to synthetic
carbons (approaching biomass)

HAI EOxo WPAHC<1b PAH C>15

Lignite

1300 N2 1800 N2

1300CO2  1800CO0O2

mAli mOxo m®PAHC<16 PAH C>15

HTC 4

1300 N2 1800 N2 1300CO2  1800CO2
WAl mOxo ®WPAHC<16 = PAHC>15
Fe-HTC
L —

1300 N2 1800 N2

1300 CO2 1800 CO2

 Temperature favours PAHs

* CO, also favours PAHs (but less in
the iron doped sample)

(catalytically activate tar gasification?)
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Secondary tar
WS (in DTR)

Drop Tube Reactor
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Sample T(K) t(s) N, co,
Walnut shells 1125 K 0.1 s no

Walnut shells 1125K0.24s no yes
Walnut shells 1125 K 0.38 s little yes
Walnut shells 1300 K0.1 s no no
Walnut shells 1300 K 0.24 s yes n.a.
Walnut shells 1300 K0.38s A lot A lot

CO, and high temperature favor the formation of heavy tar
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Conclusions

Secondary reactions, temperature and CO, in general favour formation of
PAHs in tar and carbon particulates for both coal and biomass.

In coal carbon particles are larger (soot), in biomass are very small
(fluorescent carbon dots)

At very high temperature (1800°C) CO, reduces the formation of
carbon particulate in lignin rich biomasses

Open to discussion

One more question for further work:

effects of plasticity on tar evolution and soot formation
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