OXFORD CATALYSTS

FUELLING A CLEANER WORLD

Microchannel Hydroprocessing For
Upgrading Alternative Fuels

Anna lLee Y Tonkovich

Maddalena Fanelli, Kai Jarosch, Edward Rode, Timothy LaPlante, Mike LaMont, Laura
Silva, Jan Lerou, Jeff McDaniel, Terry Mazanec, Rich Long, Scott Rankin, and Tad Dritz

Velocys, Inc

Plain City, OH USA



Overview

€ Microchannels enable distributed hydrocracking

¢ Demonstrated reactor performance
AWHSV ~ 30 hr! vs conventional ~ 1-2 hr?

€ Why microchannel advantage for G-L-S
hydrocracking reaction?

@ Current program effort
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Velocys Technology Platform
Intensify product upgrading to complement GTL/BTL
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Upgrading Produces Jet Fuel From FT Wax

Raw Fischer-Tropsch Carbon
Distribution
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Conventional Hydroprocessing

Key step in fuel processing

I FT wax or heavy <crude i1 s #fAcraclk
uniform molecules

B

Key characteristics
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I Long residence time: WHSV 1-2 hrt
Performance requirements
I Ability to mix feed and hydrogen while

contacting solid catalyst (mass
transfer)
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i High pressure (~100 bar) \VA -
I Exothermic J@%
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I Ability to control temperature profile
(heat transfer)
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http://www.hydrocarbons-technology.com/projects/Oryx/

Hydrocracking Test System

Overview
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Microchannel Hydrocracking Demonstration

@ Low inlet pressure hydrocracker to ultimately match FT
outlet pressure (~ 20 bar)

@ Standard catalyst: Pt on alumina
€ Temperature range: 300 to 400°C

@ H, to Hydrocarbon ratio: 365 to 1500 sccm,,,/ccm,,-
(2050 & 8420 scf/bbl)

€@ Productivity demonstrated: 2 to 30 WHSV (g,/gc./hr)
@ Feed: FT wax from microchannel pilot demonstration
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Test Set-Up
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Significant hydrocracking at high WHSV
Carbon Number Distribution at high WHSV, 370 C, 34 bar, 1500:1

Carbon Number Distribution
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Significant reduction in carbon number at high WHSV
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Results
Simulated Distillation shows large fraction in target fuel range
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Results

Significant Isomerization
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Results
Reactor Stability

Carbon Number Distribution
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Product suite stable with time on stream
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Results
Product Appearance

Product appearance varies Wlth process condltlon

FT based 30hr1 WHSV 30hr1 WHSV 30hrt WHSV 30hr1 WHSV
HC feed 1500:1 H,/HC 356:1 H,/HC 356:1 H,/HC 356:1 H,/HC
WAX 500psig 370°C 500psig 370°C 325psig 370°C 325psig 400°C




Results
Physical Distillation

Reactor operated for extended period at 30hrt WHSV
to generate material for physical distillation

Product material distilled into diesel and Jet fractions
using ASTM D86 method

Specification
Analysis (ASTM D-975) Actual Value
ASTM D445 Viscosity at 40 °C 1.9-4.1cSt 2.1cSt
................... o _
ASTMD86D|st|IIat|on90%Off ............................ 338cmax ....................................... 308C .............. _ é
e e Reglonal ........................................... T 3
............. ASTMD97P0urP0|ntReg|onaI21C/
ASTMD5972Freezmgpomt ........................................................................................................................... } 3
(distilled to SPK fraction) -47 C max 52.2C L

Demonstrated ability to meet fuel specifications
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(MIL-DTL-83133F, Appendix A), including Freezing Point.
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Why do microchannels enable high
performance G-L-S hydrocracking reactions?

@ Contributors for Demonstrated High Performance
I 1) Stable liquid films with small particles 7 no rivulets with
good capillary wetting of catalyst

I 2) Thin liquid films formed by high gas shear i reduce mass
transfer resistance

I 3) Modest particle size T more effective use of catalyst without
excessive pressure drop
Particles >3 mm
form rivulets

Particles <1 mm

_ _ form stable
with FT oil wetted films with
Unstable liquid flow FT oil

with rivulets known
issue in conventional
hydrocracking
reactors
(Hydrocracking
Science and
Technology, 1996)
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Why do microchannels enable high

performance G-L-S hydrocracking reactions?

€ Simulation of catalyst particles show film shear by high gas flow
@ 30 WHSV, 1500:1 H,:wax, 350 psig C gas velocity 1-2 m/s
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