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• Privately Owned / Began operations in 1987

• 84 full-time technical staff 
• Primarily chemists and engineers, more than half wi th advanced 

degrees (29 PhDs)

TDA Research, Inc.

Wheat Ridge Facility 12345-12355 W 52nd Avenue

22,000 ft 2 offices and labs
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Golden Facility

Synthetic Chemistry, Catalyst/Sorbent 
Synthesis and Testing, Machine and 
Electronics Shops, SEM, TOF Mass Spec

4663 Table Mountain Drive

27,000 ft 2 offices and labs
27 fume hoods, Synthetic Chemistry, 

Catalytic Process Development



TDA’s 100 kWe
Desulfurizer at 
GTT, Milano, Italy

SulfaTrap TM Sorbents
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SulfaTreat DO (1.3 ton/day plant 
at  Bakersfield, CA)

SulfaTrap TM desulfurization sorbents for stationary 
and transportable fuel cell applications

• TDA commercialized SulfaTrap TM sorbents for desulfurization of various 
hydrocarbon fuels

• Natural gas and LPG desulfurization

• Warm gas and hot reformate gas desulfurization

• Diesel fuel and logistics fuel desulfurization

• We supply SOFC, MCFC and PEM fuel cell developers a round the world



Hardware Development at TDA

Flight Qualified De-humidification Wheel
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Flight-qualified CO Elimination Filter 
for On-board Oxygen Generation 

Systems on F-18 aircraft

Escape Respirators for ISS and commercial spacecraf t
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Introduction
• 21” Heavy Weight Class UUVs require 2 to 5 kW e power

• The neutrally buoyant energy density target is 350 Wh/L and 350 Wh/kg 
(including fuel and oxidant) for rechargeable use

• Current batteries do not permit the run times for f uture missions
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• One alternative to energy storage is to use high en ergy density fuels to 
generate power on an as needed basis

Source: Carreiro et al, 2007



System Studies with Fuel Cells 
• Among different fuel and oxidizer combinations, JP8 -liquid O 2-SOFC 

has potential to be a winning combination

• ~400 Wh/L energy density with CO 2 capture (no acoustic signature)

• Converter efficiency is vital for a compact power s ystem
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Source: James, 2005

Reactant mass + volume >> Converter mass + volume



Fuel Processing

� Two key requirements
� Desulfurization
� Fuel reformation

� Dodecane is selected to for concept demonstrations

� Alternatively synthetic jet fuel (S8) or desulfurized JP8/ JP5 can be
used

� Steam reforming is the preferred option for UUVs which allows
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� Steam reforming is the preferred option for UUVs which allows
oxygen only to be used for the electro-chemical oxidation
process

� Steam reforming is an energy intensive process
� Heat must be transferred at high temperature to an endothermic

process
� High levels of steam must be supplied to derive the reaction

� TDA’s fuel processor (3 kW e) uses anode off-gas recycle to
provide heat and steam to drive the reforming process

� A high efficiency ejector is used for anode tail gas re-circulation



TDA’s SOFC Integrated Fuel Processor
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Potential Benefits

Fuel Processor Perspective
• Hot anode off-gas provides the heat for reforming
• Anode off-gas contains all steam needed for reformi ng
• Oxygen is saved primarily for electro-chemical oxid ation

Fuel Cell Perspective
• Anode off -gas recycle reduces fuel utilization requirement 
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• Anode off -gas recycle reduces fuel utilization requirement 
(compared to one-pass systems) 
• This will reduce concentration polarization at the anode

• Low utilization, higher flows reduce temperature gr adients and 
enable uniform current density profile across the c ell



Breadboard Test System

Fuel Processor

Ejector 
Reformer

CO2 Sorbent 
Fuel Vaporizer

(Methane 
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Anode off-gas generator & 
exhaust conditioning

(Methane 
Reformer)



Suction Discharge

Motive Gas Flow
High Pressure Steam

Nozzle (0.009”)

Anode Tailgas Recirculation Ejector
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High Pressure Steam

• Ejectors are thermodynamic pumps 

• Passive gas mover with no moving parts

• Unlike blowers, capable of very high temperature op eration

• Commercially available ejectors  require a high mot ive gas input to 
generate a small pressure head

• A high efficiency ejector is developed for this app lication

• HSC fabricated  and delivered the anode-side ejecto r
11



Anode Side Ejector

•
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Salt

Sugar

• Dimensions = 0.75”x0.75”x17.5”

• Weight = 1.4 lb

• Anode ejector installed on breadboard deliverable t o NUWC

• Fuel is introduced at ejector exit before entering the reformer



Ejector Performance in the Rig

• Prior to installation, the ejector was evaluated st and-alone  

• Using 800 psig steam we showed that the ejector wil l provide more 
than 22 inH 2O pressure rise at design conditions

Estimated Pressure Drop in 
Anode Recirculation Loop
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Fuel Reformer

• 4” dia schedule 40 pipe / 300 # flanges

• 0.5 L internal volume

• Single component tests showed that 
equilibrium conversion can be achieved

T=450oC, H2O/C=15.5, P= 5 psig, GHSV= 6,300 h -1
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High Temperature CO 2 Sorbent
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• CO2 is removed from circulation loop using a CaO sorbent   
CaO + CO2 = CaCO3 DDDDH= -40.7 kcal/mol @ 700 oC

• Exothermic CO 2 absorption provides additional heat to support refo rming

• Well known carbonation chemistry; the challenge is to make a practical 
sorbent that achieves a very high CO 2 capacity

Gas Phase 

Unreacted 
Inner Core
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• TGA tests showed that TDA’s CaO sorbent can achieve over 60% wt. CO 2
capacity (theoretical maximum capacity is 78%)
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CO2 Sorbent Vessel

• Large diameter vessel to 
reduce pressure drop

• Vessel can handle 900°C 
at 60 psig

• 54 kg (77L) of sorbent
• Double wall configuration
• Inner vessel contains the 

hot bed

CaO Sorbent 
Pellets

TDA
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hot bed
• 14” dia vessel made 

from incoloy sheet
• Outer vessel to maintain 

pressure 
• 18” dia sch 10 stainless 

steel pipe with 150 # 
flanges

• 2” internal insulation to 
keep the outside vessel 
cool and maintain T-P 
ratings



High Temperature CO 2 Sorbent

Effect of Temperature Effect of Pellet Size

Weight % CO2 Absorbed
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• Optimum CO 2 capacity is achieved 
at 700oC (kinetic limitations at lower 
temperatures equilibrium limitations 
at higher temperatures)
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• No change in capacity with 
pellet size at 700 oC

• ¼” pellet size is selected to 
minimize pressure drop

0
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1/8" Pellets 1/4" Pellets



Demonstration Test at 3 kWe
Dodecane Flow =  6.5 g/min, Steam Flow = 150 slpm, S team/Carbon Ratio = 14.6

H2
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CO2

CH4

• Dry gas composition after the CO 2 bed:  79% H 2, 20%CH4, 1% CO+CO2

• Reformate gas flow rate = 24 slpm (dry basis)

• Dry gas composition before the CO 2 bed:  62% H 2, 9%CH4, 6% CO, 23% CO2



System with Condenser & Reformer
Fuel Cell

CO2 Trap
(CaO)

Off-gas

Purges

Methane 
Reformer
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To Water 
Recovery and 

Steam 
Generation 

System

Fuel Pump

Steam Ejector High Pressure  
Steam

(CaO)

Pre-
Reformer

Condensate

Recuperative Heat 
Exchange
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Gas Concentrations with CH 4 Reformer
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• With the added reformer CH 4 concentration reduced below 6% vol.

• Average H 2 concentration increased 85% vol.  



Auxiliary Equipment
• Weight of auxiliary components were estimated 

based on commercial off-the-shelf equipment

• IDEX MZR-2905 – Fuel Pump

• 8.9 mL/min (rated for 0.3-18 mL/min) 

• 58 psia (rated for 145 psia)

• IDEX MZR-4605 – Water Pumps

• 12.6 and 18.3 mL/min (rated for 1.2 -72 
IDEX Micro-gear pump

TDA
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• 12.6 and 18.3 mL/min (rated for 1.2 -72 
mL/min)

• 30 and 800 psia (rated for 825 psia)

• 800g, 140x45x65 mm, 44 W of 24 VDC

• Heat Exchangers

• Cooler, condenser and steam generator

• Flat-plate compact heat exchangers by GEA

• Up to 60% smaller than traditional shell 
& tube and coaxial devices) GEA Flat plate HEXs



Weight and Volume Breakdown
����������� �� !"��#$%&� '��(���#�&�
����������	�
��� 
���� 
����

������������ ��
�� 
����
������������	��
��� ���� �����

 �!"�#�$�%�&�� ������ ������
'()��*��#�$�%�&� ��+,� �����

-"�&��'.������ 
�,�� 
��+�
���/��%��"��� 
���� 
�
��

0�����1�"�������	��
��� ���� �����
#�"&�"*���	��
+�� ���� �����

2��������� � ���� � 
�+� �

71.7 L 
dedicated for 
CO2 sorbents
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3D System Layout in a 21” Torpedo 
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Next Steps

• Integrated demonstration with a SOFC stack 
• New “tunable” oxygen generation  concept  for produ cing oxygen 

while removing CO 2
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Questions

Please visit our Booth (#217) 
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Gökhan Alptekin, PhD

Vice President, Technology

TDA Research, Inc.

Tel: 303 940 2349

email: galptekin@tda.com


