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Gasification
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Chemistry...

C+H,0->CO+H,
C+0.50,->CO

CO +H,0 © €O, +H,
CO +3H, ->CH, + 2H,0

But also...

H,S, COS, R-SH, R-S-S-R/, @
HCN, NH,

Tars, volatile metals

Collings, 2002
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Syngas as building block
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What is “Fischer-Tropsch”?

Catalytically mediated chemical process that....

alkanes

alkenes

oxygenates

...into hydrocarbon products
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Coal
MSW

Biomass

Methane

...converts carbonaceous material

...via “synthesis gas” (syngas)
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Elements of “Fischer-Tropsch”

IB. Typical Simplified Coal to Liquids PFD
(BTL nearly identical)

grcm. LPG

’ Hzﬂ
g CO, H, o
Ash B, _ \E_,hqmds.
FT Synthesis WaXES
Gasifier Pwification  Reactor Separation

Coad+0,+ H,OD—»CO+H,—w-C-C-C-C- +HO
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Conditions
H,/CO
1.0-2.2

Pressure
20— 40 bar (290 — 580 psi)

Low Temperature

Temperature
1. 220°C-240°C

2. 300°C—-350°C
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Catalysts THE PERIODIC TABLE
IA
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SYMBOL

ATOMIC NUMBER () = ESTIMATES
ATOMIC WEIGHT
NAME

4 5
IVB VB

6
VIB V.

NOBLE

ALKALI ALKALI HALOGENS
METALS EARTH Bk
METALS
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Low Temperature FT High Temperature FT

R.eactors Reactors
Fixed bed Circulating Fluidized Bed
Slurry Fixed Fluidized Bed
Cgtglysts Catalysts
Precipitated Fe Fused Fe
Supported Co
H,/CO Hzll go

Precipitated Fe: 1- 1.5
Supported Co: 2 —-2.2
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Table 1. Representative Generic Fischer— I'ropsch Syncrude Com-
positions from Cobalt-based LTFT (Co-LTFT), Iron-based LTFT
(Fe-LTFT) and Iron-based HTFT (Fe-HTFT) Synthesis

syncrude composition (mass %) “®

carbon range compound class Co-LTFT Fe-LTFT  Fe-HTFT

01l and Gaseous Products

C, paraffin 5.6 43 12.7
C, olefin 0.1 1.0 5.6
paraffin 1.0 1.0 4.5
C3—Cs4 olefins 3.4 6.0 21.2
paraffins 1.8 1.8 3.0
Cs—Cyo olefins 7.8 y £y | 25.8
paraffins 12.0 33 4.3
aromatics 0 0 1.7
oxygenates 0.2 1.3 1.6
Ci1—Css olefins 1.1 5.7 4.8
paraffins 20.8 13.5 0.9
aromatics 0 0 0.8
oxygenates 0 0.3 0.5
Cart olefins 0 0.7 1.6
paraffins 4.6 49.2 0.4
aromatics 0 0 0.7
oxygenates 0 0 0.2
Aqueous Product
C,—Cs alcohols 1.4 39 4.5
carbonyls 0 0 39
carboxylic acids 0.2 0.3 1.3
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Table 10
Typical composition of water soluble oxygenated products with iron ¢atalysts

Compound LTFT' HTFT*
230°C 340°C

Non-acid chemicals Mass%

Ethanal (acetaldehyde) 0.5 2

Propanal 0.1 0.5

2 Propanone (acetone) 4 23

2 Butanone (MEK) 03 6

Methanol 24 0.5

Ethanol 45 40

1 Propanol 13 12

2 Propanol 1 5

1 Butanol S 4

2 Butanol -1

2 Me 1 Propanol 1

Acids (mass % distribution)

CH;COOH ] 70
C:HsCOOH 16
C;:H,COOH 9
Acid content of water (mass %) 0.4 1.2
1 Precipitated iron catalyst
2 Fused iron catalyst
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LT-FT Refinery: Chemicals
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LT-FT Refinery: Diesel

LTFT Synthesis Unit
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Research and Development needs
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Research framework...
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Conclusions

» Syngas, a powerful reagent
» FT is versatile, mitigates economic risk

» Research needs in FT catalyst improvement
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Thank you!

Questions?
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