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RTI History and Mission

ÅEstablished 1958 as 

collaboration between state 

government, area 

universities and business 

leaders

ÅMission: to improve the 

human condition by turning 

knowledge into practice

ÅOne of the worldôs leading 

research institutes
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Research Triangle Park Campus

Å180 Acre Campus

Å24 Buildings

Å810,000 sq ft Space

Centrally located between:

Duke University (Durham)

NC State University (Raleigh)

UNC (Chapel Hill)

RDU Airport is 5 minutes away
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Staff
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Revenue
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RTI Expertise

RTI is home to some of the worldôs greatest 

scientific minds, providing innovative research 

and technical expertise in 

ï Health 

ï Drug discovery and development

ï Education and training 

ï Surveys and statistics 

ï International development

ï Economic and social policy 

ï Advanced technology 

ï Energy and the environment

ï Laboratory and chemistry services
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Center for Energy Technology

Capabilities

ÅAdvanced Gasification

ï Warm gas desulfurization

ï Multicontaminant removal

ï Substitute natural gas production

ÅClean Fuels

ï Syngas to fuels and chemicals

ï Diesel desulfurization

ï Biofuels

ÅCoal Combustion

ï Pre- and post-combustion CO2

capture

ï Chemical Looping Combustion

ÅHydrogen Production and 
Purification

ï Membrane separations

ï Iron/steam process

Clean Fuels
Carbon Capture

Catalyst/Sorbent 

Synthesis

Application Areas

Membrane 

Separations

Process 

Development 

and Scale-up
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Biomass Gasification Gas Cleanup
Tar Cracking Technology Development

Process Advantages

ÁThermally efficient

ÁCleaner and reduced-volume water product

ÁProcess intensification (i.e., fewer unit operations)

Technical Goals

ÅReduce syngas cleanup process 
complexity

ÅValidate technology with 

biomass-derived syngas

Economic Target

Reduce syngas 

cleanup/conditioning capital and 

operating costs to achieve biofuel 

production cost goals

Feed Processing 

& Handling

Biomass 

Gasification

Syngas 

Cleanup

Syngas 

Conditioning

Catalytic Fuel

Synthesis

Next Generation 

Biofuels

Targets

Tar < 0.1 g/Nm3

NH3 < 10 ppm

H2S < 100 ppb

HCl < 10 ppb



Process Development and Scale-Up

Phase I

Catalyst Development

ï Productivity

ï Attrition resistance

ï Stability

Process Development

ï Reaction kinetics

ï Integration strategy

Phase II

Catalyst Development

ï Catalyst scale-up

Process Development

ï Reactor scale-up

ï Continuous operation

ï Performance evaluation

Phase III

Process Development

ï Pilot-plant 

demonstration
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Approach

ÅCatalyst development and testing

ïHigh-temperature desulfurization sorbents for coal-derived syngas

ïTar cracking catalysts

ïSulfur-tolerant NH3 decomposition catalyst

ÅProcess design and development

ïProcess modeling; material and energy balances

ïCold flow testing

ïProcess design

ïDetailed engineering design

ïFabrication

ïInstallation and hot testing
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Clean Coal Technology Development
Desulfurization Sorbent Development

Å ZnO supported on zinc aluminate

ï High attrition resistance 

(mechanical stability)

ï Inert support (chemical stability)

Å Unique highly dispersed ZnO 

nanostructures with grain size <50 

nm 

ï High reactivity (short residence time 

in the reactor)

Å Produced on commercial scale by 

major catalyst manufacturer

Å Covered by US/International 

patents

Å Won 2004 R&D 100 Award
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Clean Coal Technology Development
Syngas Desulfurization Process Development

Key Accomplishments:

Å 3,000 hours of operation with 

syngas with > 99.9% H2S and 

COS removal

Å Low sorbent attrition losses 

Å Integrated HTDP and DSRP 

operation

Å As, NH3 and Hg sorbents tested

Eastman Pilot Plant 

Testing (2004 - 2007)

50 MW Demonstration at Tampa 

Electric Companyôs Polk 

Station (2009-2014)

Objectives:

ÅDemonstrate HTDP, DSRP, and 

muticontaminant sorbents

ÅMitigate scale up risk for 

commercial plant

ÅEstablish RAM 

ÅDevelop operational experience

COMMERCIAL DEPLOYMENT 

( ~2014)

Electric power generation

Electric power generation with 

CCS

Chemical production

Benefits*

Reduced emissions

6% Higher thermal efficiency

2.5 ¢/kW lower electricity 

costs

$500/kW lower capital costs

*as compared to IGCC with conventional CCS technology
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Tar Cracking Catalyst Development

Microreactor Testing (Clemson University)
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10% NH3 in He He, H2, CO

Pressure

Transducer

Mass Spec

Microreactor

3-way

valve

Data Acquisition

Pump

Vent

Backpressure

Regulator

GC

Multiport

Valve

Pump

Vent

Reaction conditions: 1 atm, 300-800°C

Feed composition: 4000 ppm NH3, 

3000 ppm toluene, 10% H2, 15% CO, 

balance He

Flow rate: 100 sccm

Sample size: ~0.5-g
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Tar Decomposition
Tungsten Catalyst Testing

Simulated Tar Decomposition with FCC/Zeolite 

Catalysts at 700°C in 10%H2 in He
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Rationale for Using WC and WZ for Tar 
Cleanup

Å Tungsten carbide (WC)

ï Modification of surface electronic properties of W by 

C, resulting in Pt-like behavior1

ï Excellent catalyst for NH3 decomposition reaction

ï Complete NH3 decomposition observed at 600 °C2

Å Tungstated zirconia (WZ)

ï Highly acidic catalyst due to presence of WO3 on 

the surface

ï Ability to catalyze cracking reactions

ï Possibility of in-situ formation of WC in the presence 

of H2 and CO, resulting in a bi-functional catalyst for 

NH3 decomposition and toluene cracking

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

2 Pansare et al., Catal. Commun., 8 (2007) 649.
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Tar Decomposition
Catalyst Testing Summary

 

Steady state rates of product formation on a 

ñper-gm-catalystò basis at 700°C and 1 atm
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100 sccm total flow (10% H2, 15% CO, 

2500-3000 ppm of toluene in He. 

Tungsten Catalysts (tungsten 

carbide and tungstated zirconia)

ÅHigh NH3 decomposition activity in the 

absence of syngas, presence of CO 

reduces activity

ÅHigh tar (toluene) cracking activity, 

comparable to commercial acid (zeolite) 

cracking catalysts (USY-G)

ÅRobust physical properties
ïExtreme hardness

ïGood thermal stability

ïSulfur resistance



Tar Cracking Catalyst Development

RTI Catalyst Testing
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Reaction conditions: 1 atm, 600-700°C

Feed composition: 30% H2,15% CO, 5% 

CO2,40% H2O, 10% N2, 35 g/Nm3 Tar, 100 

ppm H2S

Tar Composition: phenol, guaiacol, and 

naphthalene in toluene

Flow rate: ~20 slpm

Solid loading: ~500g

Objectives
ÅMeasure tar cracking rates and activity

ÅDetermine carbon deposition rates

ÅDevelop operating conditions for Therminator

N2 MFC

Syngas MFC

Tar Feed Pump

Water Feed Pump

Filter

Thermocouple

3-way Valve

Condenser

Impinger

Sampling 

Valve

Syringe Pump

Condensate

Thermowell

SPA Syringe

Water Vaporizer

Tar Vaporizer

Mixer
Mixer

Preheater

S-7

P-3

Vent

Micro GC

Furnace

S-8

Fluidized Bed

Reactor



Tar Cracking Process Development

Process Modeling
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Syngas (Stream # 2) at 800°F (427°C) and 32.5 

psia (2.24 bara)

Syngas heated (HX-120) to 1202°F (650°C)

 

Syngas

from Gasifier

Porvair Filter

Syngas Heater

(HX-120)

Absorber

(R-150)

Regenerator

(R-250)

Filter

ROG Cooler

(HX-410)

Air Heater

(HX-220)

Compressor

(C-210)

Filter

Filter

Pump

CWR

Quench Vessel

(V-310)

To Vent
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Make-up 

Water

Regeneration 

Air 

2

5

5

11

12

Make-up

 Catalyst

(S-230)

Absorber (R-150) - 1112°F (600°C)

Tar Decomposition (99%)

C10H8 (Tar) Ą 4 H2 + 10 CHx (Char)

Ammonia Decomposition

2 NH3Ą 3 H2 + N2

Sulfur Capture

H2S + ZnTiO3Ą ZnS + TiO2 + H2O

Regenerator (R-250) - 1202°F (650°C)
C + O2Ą CO2

ZnS + TiO2 + 1.5 O2Ą ZnTiO3+ SO2
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Tar Cracking Process Development
Reactor Design

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

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

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

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

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

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

 



Validation of RTI Therminator Syngas Cleanup Technology

in Integrated Biomass Gasification/Fuel Synthesis Process

ÅWoody biomass and lignin-rich hydrolysis residues

Å Pressurized, indirect biomass gasification

Å Therminator gas cleanup technology

Å FT synthesis in slurry bubble column or fixed bed 

reactor

GasifierBoiler

Feedstock tank Cooler

Afterburner

Superheater
(under grating)

University of Utahôs Gasification Research Facility

Process Configuration for DOE Project 20


