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RTI Histognd Mission

A Established 1958 as
collaboration between state
government, area
universities and business
leaders

A Mission: to improve the
human condition by turning
knowledge into practice

AOne of the worldoés | eading
research institutes




Research Triangle Park Campus

A180 Acre Campus
A24 Buildings
A810,000 sq ft Space
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Centrally located between:
Duke University (Durham)
NC State University (Raleigh)
UNC (Chapel Hill)

RDU Airport is 5 minutes away
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RTI is home to some of the world’'s
greatest scientific minds.
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Revenue

$709.7 million
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RTI Expertise

RTI

Il S home to some
scientific minds, providing innovative research

and technical expertise in

Health

Drug discovery and development
Education and training

Surveys and statistics
International development
Economic and social policy
Advanced technology

Energy and the environment
Laboratory and chemistry services
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Center for Energgchnology

N Application Areas
Capabilities
A Advanced Gasification
I Warm gas desulfurization
i Multicontaminant removal
i Substitute natural gas production

A Clean Fuels
i Syngas to fuels and chemicals
T Diesel desulfurization
T Biofuels

A Coal Combustion

i Pre-and post-combustion CO,
capture

i Chemical Looping Combustion

Catalyst/Sorbent
Synthesis

A Hydrogen Production and
Purification

. ! - Process
i Membrane separations Membrane Development .
i Iron/steam process Separations and Scale-up




Biomass Gasification Gas Cleanup
Tar Cracking Technology Development

|

Feed Processing Biomass Syngas Syngas
& Handling Gasification Cleanup Conditioning

&

Catalytic Fuel Next Generation
Synthesis Biofuels

Prriiculate Polzhing
. - an &3
" Aamaval ‘{ Sians Clean Gas
rehon

Targets

L|; g Tar < 0.1 g/Nm?3
N <_"_M NH; < 10 ppm
Y H,S < 100 ppb
HCI < 10 ppb
s, — L,
Process Advantages

Thermally efficient
Cleaner and reduced-volume water product
Process intensification (i.e., fewer unit operations)

Technical Goals

A

Reduce syngas cleanup process

complexity

A Validate technology with

biomass-derived syngas

Economic Target

Reduce syngas
cleanup/conditioning capital and
operating costs to achieve biofuel
production cost goals
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Process Development and fale

Phase | Phase Il Phase Il

Catalyst Development Catalyst Development Process Development
T Productivity I Catalyst scale-up I Pilot-plant
i Attrition resistance Process Development demonstration
i Stability i Reactor scale-up

Process Development
i Reaction kinetics

I Continuous operation
I Performance evaluation




Approach

A Catalyst development and testing
I High-temperature desulfurization sorbents for coal-derived syngas

I Tar cracking catalysts
I Sulfur-tolerant NH; decomposition catalyst

A Process design and development
I Process modeling; material and energy balances
I Cold flow testing
I Process design
I Detailed engineering design
I Fabrication
I Installation and hot testing
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Clean Coal Technology Development

DesuIfurizati@mrbenDeveIoEment

A ZnO supported on zinc aluminate

I High attrition resistance
(mechanical stability)

i Inert support (chemical stability)
A Unique highly dispersed ZnO

nanostructures with grain size <50
nm

I High reactivity (short residence time
in the reactor)

A Produced on commercial scale by
major catalyst manufacturer

A Covered by US/International
patents

A Won 2004 R&D 100 Award




ClearCoallechnology Development
Syngas Desulfurization Process Development

Eastman Pilot Plant
Testing (2004 - 2007)

Key Accomplishments:

A 3,000 hours of operation with
syngas with > 99.9% H,S and
COS removal

A Low sorbent attrition losses

A Integrated HTDP and DSRP
operation

A As, NH, and Hg sorbents tested

50 MW Demonstration at Tampa  cOMMERCIAL DEPLOYMENT
El ectric Companyads Po(L24914)
Station (2009-2014)

Electric power generation

Electric power generation with
CCS

Chemical production

Benefits*

Reduced emissions

Objectives:
ADemonstrate HTDP, DSRP, and 620 bligherieimENe e
muticontaminant sorbents 2.5 ¢/kW lower electricity
AMitigate scale up risk for H0SE
commercial plant $500/kW lower capital costs
AEstablish RAM *as compared to IGCC with conventional CCS technology

ADevelop operational experience

13 '
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Tar Cracking Catalyst Development
Microreactor Testing (Clemson University

10% NHs in He He, H,, CO
Reaction conditions: 1 atm, 300-800°C e
N YN
Feed composition: 4000 ppm NH,,
3000 ppm toluene, 10% H,, 15% CO,
Microreac tor

balance He

Flow rate: 100 sccm
Backpressure
Regulator
Sample size: ~0.5-g - Mass Spec <—<§ @ y oo
u
ultipor




Tar Decomposition
Tungsten Catalyst Testing

Simulated Tar Decomposition with FCC/Zeolite

of H, and CO, resulting in a bi-functional catalyst for

0
NH,; decomposition and toluene cracking 0 100 200 300
TOS (min)

Rationale for Using WC and WZ for Tar Catalysts at 700 C in 10%H, in He
Cleanup 20
5 o5 al ——WZ900|
A Tungsten carbide (WC) £T / \\ —
o O
I Madification of surface electronic properties of W by e > 15 f \
C, resulting in Pt-like behavior! 2 8 1
3
i Excellent catalyst for NH; decomposition reaction § 5 N s e s
i Complete NH; decomposition observed at 600 °C? ° 0 50 100 150 200 250 300
TOS (min)
A Tungstated zirconia (WZ2) Cw
§el J —e—WZ900
i Highly acidic catalyst due to presence of WO, on g 22 N e sve Il
the surface 82 [
o8 1)
i Ability to catalyze cracking reactions g2 jz I
So
I Possibility of in-situ formation of WC in the presence % £ w ).\
[
S
@

1 Lewy, R. B, and Boudart, M., Science, 181 (1973) 547.

15
2 pansare et al., Catal. Commun., 8 (2007) 649. /“R I l
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Tar Decomposition
Catalyst Testing Summary
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Tungsten Catalysts (tungsten

=
o

EWC

carbide and tungstated zirconia) m w20
° e O 5PtwZ
§ Y m USY-G
o2

A High NH, decomposition activity in the 0
300 500 575 650 700 725 750 800
absence of syngas, presence of CO Temperatur€’C)
reduces activity 100 scem total flow (10% H,, 15% CO,

2500-3000 ppm of toluene in He.

A High tar (toluene) cracking activity,
comparable to commercial acid (zeolite)

L =
cracking catalysts (USY-G) M | | |
A Robust physical properties zEo [i | [' J
i Extreme hardness oo . - Em T

I Good thermal stability e ——

[ Sulfur resistance Steady state rates of product formation on a
Apgm-cat al yst 0o “Gandliatm at
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Tar Cracking Catalyst Development
RTI Catalyst Testing

Objectives

A Measure tar cracking rates and activity

A Determine carbon deposition rates

A Develop operating conditions for Therminator

0oo
0oo

Reaction conditions: 1 atm, 600-700°C

Feed composition: 30% H,,15% CO, 5%
CO,40% H,0, 10% N,, 35 g/Nm? Tar, 100
ppm H,S

Tar Composition: phenol, guaiacol, and
naphthalene in toluene

Flow rate: ~20 slpm
Solid loading: ~500g




Tar Cracking Process Development
Process Modeling

Filter

Absorber (R-150) - 1112°F (600°C) ‘ H < 10 Lo
o e
Tar Decomposition (99%) T e e
C,oHg (Tar) A 4 H, + 10 CH, (Char) L

AmmOnIa DeCompOSItlon Corgpzre(s)sor
2 NH,A 3 H,+N, L
iz
Sulfur Capture Synga_5<>—(E
H,S + ZnTiO;A ZnS + TiO, + H,O %@_@ -
Porvair Filter y?ais'lg%?ter M\:/k?_u
Regenerator (R-250) - 1202°F (650°C)

C+0,A CO,
Syngas (Stream # 2) at 800°F (427°C) and 32.5
ZnS + TiO, + 1.5 O, A ZnTiO4+ SO, psia (2.24 bara)

Syngas heated (HX-120) to 1202°F (650°C)
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Tar Cracking Process Development

Reactobesign

New design philosophy to accommodate
higher syngas flow with reasonable increase
In size to fit test-site space requirements

Bubbling bed for tar cracking, ammonia
decomposition, and sulfur capture coupled
with a circulating regeneration loop

Original design for 10lb/hr slipstream (420
SCFH) in a pressurized air blown gasifier.

Re-design for 20 kg/hr indirect biomass
gasifier (2900 SCFH syngas)

Design basis: 22 psig, 600 C, 2900 SCFH
syngas

Design limits: 150 psig, 650 C, 3400 SCFH
syngas

- ity




Validation of RTI Therminator Syngas Cleanup Techn
In Integrated Biomass Gasification/Fuel Synthesis Prc

A Woody biomass and lignin-rich hydrolysis residues
A Pressurized, indirect biomass gasification
A Therminator gas cleanup technology

A FT synthesis in slurry bubble column or fixed bed
reactor

Superheater
(under grating)

University of Utahods Gasi f|

Process Configuration for DOE Project
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