COAL LIQUEFACTION AND GAS CONVERSION
CONTRACTORS' REVIEW CONFERENCE

TITLE: Development of Aliernative Fuels and Chemicals From Synthesis Gas
P1 (Authors): Deanis M. Brown

instmtion/Organization: Air Products and Chemicals, Inc.
Allentown, PA 18195

Contract Number: DE-AC22-91PC90018
Period of Performance: 1991 - 1993

Objecnve: The principal objective of this program is 1o investigate potennal technolngies
for the conversion of synthesis gas derived from coal and other fossil energy
sources, 1o oxygenated fuels, hydrocarbon fuels, fuel intermediazes and
octane enhancers. The most promisiag technologies will be demonstrated at
DOE's Slurry Phase Alternative Fuels Development Unit {AFDU) in

LaPorne, Texus.
ALSTRALCT

Alr Products and Chemicals, Inc. (APCT) has Jrogressed o the third year of 3 four-year Altemnative
Fuels program with the DOE. Inthepas:rwoymanumbcofncwpmwchnologiuthmconvm
coal-derived syngas to liquid fuels have been demonstrated at DOE's Aliernative Foels Development Unit
(AFDU), located ar LaPorte, Texas. The demonstrations required a scale-up of different technologies
derived from bench-scaie investigations cof slurry-phasc processes 1o 2 22.5" (ID) dismeter shurry bubble
column.

A single-step slurry-phase process for coproduction of dimethyl-ether (DME) and methanol, important
fuels and chemical building-blocks, was demonstrated at the AFDU in 1991, Combining three reversible
actions - methaaol syntb&s,mcthanoldehydnﬁmandwm-gmshiﬁminasinglemn
dnves each reaction thermodynamically by removing its inhibiting products as reactants in the subsequent
reaction. Submmmmpu-wsssynmcmvm(byumw‘inmmdum
vclocin'a)wasdmomawdbymiﬂngamﬂammmofdehydmﬁmaniystwﬁamednmlcawm

Amwﬂm-phm.wmgmﬂ:iﬁmwasdcmmmnmeAFDUmmemgof1992.
Hydrogen generation via water-gas shift is importarit for complete conversion of coal-derived CO-rich
syngas to iquid fuels. Many camalysts, such as copper-based methanot caialyst and iron-based Fischer-
Troosca (F-T) caralysts possess shift activiry tn addition to their primary fuel producing activity; others
such as cobalt-based F-T catslyst, do noc Those caralysts which Lack shift activity can be combined 1n a
physkﬂmkmwimashmmyuwmhmmgmmmmhm;mdd‘mmm The
dmmﬁonhdkmcdgmdanlys:acdﬁtymduccum:bubbhomumnpufmnm. '

Slury-phase Fischer-Tropech technology was demonstraied xt the AFDU in the summer of 1992, This
nmwssponscndbyauumbuofindusuu]parﬁcipanB(Aierde.Exxon.SbclLSmoﬂandUOF‘L
in addition w0 DOE, Tkl%ymmm-mkmnnhumtynmﬁummmcu
performance and bydrodynamics. Stable caialyst productivity, expected by2rodynamic behavior and
isudumalwxuxopaaﬁmmouam.andcamhﬁonbuwemhhomnthvemdmu
bubble column data was excellent
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ESTIMATED COMPOSITION OF METHANOL FROM
LPMEOH DEMONSTRATION PROJECT AT
TEXACO COOL WATER PROJECT

Beginning of 'End of
-Catalyst Life Catalyst Life

Composition (wt%) (BOL) (EOL)

Methanol 97.106 97.675
Dissolved gasses 0.090 0.080
Water 0.343 ' 0.580
Dimethyl Ether ' 0.002 0.002
Methyl Formate 1.181 0.809
Methyl Acetate ' 0.138 0.049
Ethanol - 0.582 0.308
n-Propanol - 0.217 0.118
sec-Butanol 0.023 0.017
Isobutanol 0.034 0.000
n-Butanol 0.124 0.064
Isopentancl C.034 0.000
1-Pentano! '0.068 0.041
Oil 0.150 0.150
Total Alcohols | 98.096 98.221
Other Alcohols 1.080 0.546
Other Alcohols & Ethers 1.082 0.547
Molecular Weight 3235 32.08

Reid Vapor Pressure 5.4 54

Density at 25°C 0.7989 0.794%
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PRINCIPAL APPLICATIONS FOR DME PRODUCT

TRANSPORTATION :

AEROSQLS:

FEEDSTOCK FOR OTHER
FUELS AND CHEMICALS:

LOW S 3ROWNDMIPDNESLD

HIGHER SYNGAS CONVERSION
TO LIQUIDS.

MORE STORABLE FUEL FGOR

PEAK-SHAVING APPLICATION.

IGNITION PROMOTER IN M-100
APPLICATIONS.

(Methanol Replacement for Diesel)

MARKET DEVELOPING
EUROPEAN INTEREST
STRONGER THAN IN U.S.

ALTERNATIVE TO MEOH AS A
CHEMICAL BUILDING BLOCK

(e.g., Simplifies Mobil's MTG
Process).

Concept: DME + unreacted synthesis

gas may be better than MEOH
or DME alone.
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@ MTBE DEMAND TO EXHAUST DOMESTIC BUTANE SOURCES

® FOREIGN SOURCED MTBE WILL DOMINATE U.S. SUPPLY

@ COAL AND NATURAL GAS ROUTES TO MTBE NEEDED
FOR ENERGY INDEPENDENCE |

'ADD-ON TO IGCC

- GAS
TURBINE

COAL Moo X }__._E}_> POWER
—= %
02 GASIFIER
' TO
~1BOH P ™IBOH —® MIBE
Y - — = TURBINE FUELS
SYNTHESIS (MEOH AND OTHERS)
STAND ALONE
NATURAL GAS BASED
., IEOH TO
> . r». IBOH MTBE
NAT GAS l SYNTHESIS |[—3-
[ !

RECYCLE
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Operating Temperature and Presssure Regimes
for Mixed Alcohols Production Processes

PRESSURE (psia)
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ALTERNATIVE LS AND CHEN SI1

Starts: October 1, 1994

Duration: 5 Years (3 minimum)

Basis: New Routes to Fuels and Chemicals which reduce
dependency on Imported Energy.

Feedstock: Synthesis gas from Coal, Natural
Gas, and Refinery Wastes.

Products: Oxygenates: MTBE, mixed
ethers, alcohols, olefins, acetyls,
others?

Hydrocarbons: (Fischer-Tropsch).

Technology: Liquid Phase (Slurry), but not
exclusively.



ALTERNATIVE FUELS AND CHEMICALS 11 (cont'd)

Program:

Ongoing Laboratory R&D;

Air Products, Universities (Lehigh,
Delaware, Aachen), Others?

LzPorte Operations;
2 or 3 per year.

Supporting Programs:

« Reactor Design (Hydrodynamics)
Syngas Clean-up

Process and Economic Evaluations
Product Testing

Fischer-Tropsch Support
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