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Overview

Microchannels enable distributed hydrocracking

Demonstrated reactor performance 

ÁWHSV ~ 30 hr-1 vs conventional ~ 1-2 hr-1

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

Source: ñXTL- Economic Needs & Opportunities,ò Noblis, David Gray, CAAFI Workshop, Sep. 8 ï9, 2008.
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Conventional Hydroprocessing

Key characteristics

ïHigh pressure (~100 bar)

ï Exothermic

ï Multi-phase

ï Long residence time: WHSV 1-2 hr-1

Performance requirements 

ï Ability to mix feed and hydrogen while 

contacting solid catalyst (mass 

transfer)

ï Ability to control temperature profile 

(heat transfer)

Key step in fuel processing

ïFT wax or heavy crude is ñcrackedò into smaller, more 
uniform molecules

http://www.hydrocarbons-technology.com/projects/Oryx/
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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 400ºC

H2 to Hydrocarbon ratio: 365 to 1500 sccmH2/ccmHC
(2050 & 8420 scf/bbl)

Productivity demonstrated: 2 to 30 WHSV (gHC/gCat/hr)

Feed: FT wax from microchannel pilot demonstration
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Significant hydrocracking at high WHSV
Carbon Number Distribution at high WHSV, 370 C, 34 bar, 1500:1

Significant reduction in carbon number at high WHSV

Carbon Number Distribution
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Results
Simulated Distillation shows large fraction in target fuel range

Simulated Distillation Curves
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Results
Significant Isomerization

Iso/Normal Distribution
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Carbon Number Distribution
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Results
Reactor Stability

Product suite stable with time on stream

30 hr-1 WHSV, 370ºC, 500 psig, 

1500 sccm H2/ccm HC
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Results
Product Appearance

FT based

HC feed

WAX

30hr-1 WHSV 
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Product appearance varies with process condition
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Analysis

Specification

(ASTM D-975) Actual Value

ASTM D445 Viscosity at 40 °C 1.9 - 4.1 cSt 2.1 cSt

ASTM D93 Flash 52 °C min 69 °C

ASTM D86 Distillation, 90% Off 338 °C max 308 °C

ASTM D2500 Cloud Point Regional -16 °C

ASTM D97 Pour Point Regional -21 °C

ASTM D5972 Freezing Point 

(distilled to SPK fraction) -47 C max -52.2 C

Results
Physical Distillation

Reactor operated for extended period at 30hr-1 WHSV 

to generate material for physical distillation

Product material distilled into diesel and Jet fractions 

using ASTM D86  method

Demonstrated ability to meet fuel specifications 

(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

ï 1) Stable liquid films with small particles ïno rivulets with 

good capillary wetting of catalyst

ï 2) Thin liquid films formed by high gas shear ïreduce mass 

transfer resistance

ï 3) Modest particle size ïmore effective use of catalyst without 

excessive pressure drop

Particles > 3 mm 

form rivulets 

with FT oil

Particles < 1 mm 

form stable 

wetted films with 

FT oil

Modestïsized 

particles critical 

for microchannel

Unstable liquid flow 

with rivulets known 

issue in conventional 

hydrocracking

reactors 

(Hydrocracking

Science and 

Technology, 1996)
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Simulation of catalyst particles show film shear by high gas flow

30 WHSV, 1500:1 H2:wax, 350 psig Č gas velocity 1-2 m/s 

Why do microchannels enable high 

performance G-L-S hydrocracking reactions?


