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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



Introduction
� Opportunity fuels, such as 

municipal solid waste, 
anaerobic digester gas, 
landfill gas can be utilized 
in distributed power 
generation

� Eliminates disposal burden
� Reduces groundwater 

TDA
R e s e a r c h

4

� Unlike combustion engines, 
fuel cells can achieve high 
efficiency at small-scale

� SOFC/MCFCs can achieve 
70-80% CHP efficiency

� Low emissions (NOx, VOC)
� Quiet operation

leaching 
� Eliminates greenhouse gas 

emissions

Available Technologies

Source: FuelCell EnergySource: GE Jenbacher

Source: DOE/EERE, 2008



Sulfur Species in Biogas
� Primary source of sulfur in biomass are amino acids  cysteine and 

methionine 

� In anaerobic digesters these amino acids degrade to  form H 2S & mercaptans

� Mercaptans may methylate to form sulfides (e.g., Me 2S) or oxidize/dimerize to 
form di-sulfides (Me 2Se2) �
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Propyl di-sulfide (PDS)

Methyl propyl di-sulfide (MPDS)
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Propyl di-sulfide (PDS)

Methyl propyl di-sulfide (MPDS)

Cysteine

Methionine

H2S

Methyl mercaptan

Methylation

Oxidation
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Commercially Available Technologies
� Several desulfurization technologies are available to remove H 2S

� Biological processes
� Chemical scavengers
� Physical adsorbents

� None of these are effective in removing complex org anic sulfur 
compounds

� These technologies are not also capable of reducing  sulfur 
concentration to ultra low levels
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concentration to ultra low levels
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� Iron sponge and iron-oxide based sorbents also cata lyze formation 
of complex di- and tri-sulfides in the presence of w ater

� These are much more difficult to remove than the or iginal mercaptans



Sulfur Content & Speciation
� Measurements downstream of a bulk desulfurizer (biol ogical or iron sponge 

or scavengers) shows a wide range of sulfur compoun ds in biogas
Sulfur Compounds Concentration (ppm)

WWTF Food Processors
Average Average

H2S 28.1 1.4
COS 0.2 1.1
CS2 0.1
Methyl Mercaptan 0.1 1.7
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Methyl Mercaptan 0.1 1.7
Ethyl Mercaptan 0.1 5.4
Isopropyl Mercaptan 0.1 1.3
n-Propyl Mercaptan 0.3 520.0
N-Butyl Mercaptan nd 5.1
Total Mercaptans 0.6 533.4
DMS 0.1 0.3
DES 0.2
DEDS, DMTS, DPDS nd 46.5
Total MW Sulfides 46.5
Total Sulfur 29.0 580



Organo-silica Contaminants in Biogas

� Siloxanes are man-made organic 
compounds, containing silicon, 
oxygen and methyl groups

� Used in hygiene, health-care  
products 

� When siloxane-laden biogas is 
combusted to generate power, 

10.49 Å

6.75 Å

Decamethylcyclopentasiloxane ( D5)
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combusted to generate power, 
siloxanes are converted to SiO 2

Siloxane (g)+ O2(g) = SiO2(g) + CO2(g) + H2O(g)

SiO2(g) -> SiO2(s)

� SiO2 could deposit on the pipes and 
manifolds and onto the surfaces of 
heat exchangers 

88

9.55 Å 

7.15 Å

Octomethylcyclotetrasiloxane (D4)



TDA’s Approach

� TDA’s approach is to use an ambient temperature gas  clean-up 
system to remove all contaminants to ppbv levels

� The sorbent will be downstream of a bulk desulfuriz ation system 
(biological, liquid redox or solid scavengers)

� No chillers will be needed

Expendable Sorbent -based Biogas Purification 
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Expendable Sorbent -based Biogas Purification 
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Sorbent Requirements

� High capacity

� High removal efficiency

� Low cost
� The sorbent will be used in an expendable manner 

� Operational capability in the presence of large con centrations of 
water vapor (up to 7% vol.)
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� Operational capability in the presence of oxygen

� Preferably high affinity to siloxanes (for WWTF app lications)
� Ideally, sulfur and siloxanes co-adsorb onto different sites and do 

not compete

� Safe to handle, easy to dispose

� No toxicity, no pyrophorocity
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TDA’s Sorbent

� A mesoporous carbon is 
used to disperse the 
active sorbent phase

� The carbon support is 
previously developed for 
ultra-capacitors, large 
pores to achieve liquid 
transport
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transport

� The preparation process 
enables us to introduce 
various surface groups 
active for removing 
different compounds

� Large pores accommodate 
different active groups
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H2S Removal from Biogas
T = 22oC, simulated biogas, H 2S = 400 ppmv, H 2O = ~3% vol.)
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� TDA sorbent outperforms commercial sorbents in remo ving H 2S

� ~11% wt.  capacity at breakthrough (lb of sulfur per lb of sorbent)



Removal of Mercaptans
(Dry Biogas – H 2O <100 ppmv)

T = 22oC, simulated biogas, CH 3SH = 400 ppmv, H 2O <100 ppmv
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� TDA sorbent outperforms zeolite or alumina-based ads orbents in removing 
CH3SH (~3 times higher capacity than molecular sieves)  
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Sulfatrap R8  2.30 wt% Loading at Breakthrough
Molecular Sieve  0.87 wt% Loading at Breakthrough
Selexsorb CDX  0.22 wt% Loading at Breakthrough
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Impact of Water Content of the Gas

T = 22oC, simulated biogas, DMS= 50 ppmv, EM= 50 ppmv, GHS V= 16,000 h-1, 
H2O = 100 - 4,000 ppmv

Ethyl MercaptanDimethyl sulfide 4,000 ppmv H 2O
100 ppmv H 2O

1.4% wt. S 4.8% wt. S
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� The presence of moisture in the biogas has a very s mall impact on 
the DMS and EM capacity of the TDA sorbent

100 ppmv H 2O
4000 ppmv H 2O

1.5% wt. S 3.9% wt. S



Removal of Di-Sulfides
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TDA Sorbent 1.59% BT
Norit RGM3 1.00% BT
Molecular Sieve 0.13% BT
Selexsorb CDX 0.14% BT
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TDA Sorbent  2.30% BT
Norit RGM3  1.14% BT
Molecular Sieve  0.87% BT
Selexsorb CDX  0.22% BT

T= 45ºC, 15 ppmv EM, 10 ppmv PDS, 10 ppmv MPDS, 40 ppmv MDS, 
GHSV=3,750 h-1

PDSMDS
TDA Sorbent 1.59% BT
Commercial Carbon 1.00% BT
Molecular Sieve 0.13% BT
Selexsorb CDX 0.14% BT

TDA Sorbent 1.59% 
Commercial Carbon 1.00%
Molecular Sieve 0.13% 
Selexsorb CDX 0.14% 
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� Larger pore size proved useful in removing larger d isulfides



Multi-contaminant Removal
T = 22oC, 2.2%H2O, 7.8% N2, 36% CO2, 54% CH4, 75 ppm H 2S, GHSV = 12,000 h-1
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� Presence of siloxane in biogas 
does not impact sulfur capacity 
of   the SulfaTrap TM-R8 sorbent 

� Sorbent removed multiple 
contaminants

� 50 ppb siloxane detection

t = 0 hrs (feed)

t = 5 hrs

t = 15 hrs

t = 24 hrs

Hexamethyl disiloxane (MM)
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Demonstration Tests

� Eastern Municipality District 
Wastewater Treatment Facility, Moreno 
Valley, CA 

� 4 x 300 kW DFC units
� Slipstream + full-scale demonstrations

� Gills Onion Plant, Oxnard, CA
� 2 x 300 kW DFC units

TDA
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� Cal–Denier Dairy, Sacramento, CA
� 2 kW SOFC
� 120 lb/day manure; ~100 CFM biogas

� WWTF Richmond, VA
� Gas engine
� 10 CFH

� Harmony Landfill, Pittsburgh, PA
� Gas engine
� 50 CFH regenerable desulfurizer



Slipstream Test Unit
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� Prior to full-scale tests, TDA first conducted slip stream tests

� A skid-mounted unit equipped with proper gas analys is is used in 
slipstream tests

� Tests to evaluate efficacy for both bulk removal an d polishing 



Slipstream Test Unit Integration
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Tap for ADG Inlet to Demo Unit

� 10 L SulfaTrap TM-R8 sorbent  is used to treat 1 CFM biogas 
� 3 month demonstration

� Tie-in points are located both downstream and upstr eam of the 
bulk desulfurization system (iron sponge)

� All automated system, stand-alone operation



Analysis of Sulfur Compounds

Bed Inlet

Cal Gas

DMSCOSH2S

DMSMethyl mercaptanH2S
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� Following iron sponge, the feed gas contains 20 ppm v H2S and traces 
of methyl mercaptan and dimethydl sulfide (total of  80 ppbv)

� After 10 days of testing (~15,000 CF biogas) SulfaT rapTM-R8 removes 
all sulfur compounds to below detection limit (i.e. , < 20 ppbv)

Bed Exit



Analysis of Siloxanes 

MM Siloxane

Bed Inlet

Calibration Gas

Siloxane species
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� After 10 days of testing (~15,000 CF biogas) SulfaT rapTM-R8 removes 
all siloxane compounds to below detection limit (i. e., < 50 ppbv)

Bed Exit



Demonstration of Siloxane Removal
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� TDA built a 10 CFM gas cleanup skid 

� 50 L expendable sorbent to remove  400 ppmv H 2S, 20 ppmv of 
siloxanes

� Following bulk desulfurization, residual siloxanes are removed in two 
parallel beds for benchmarking performance of diffe rent sorbents

� Testing is underway since June 20, 2011



Regenerable Desulfurizers
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biogas

Thermal Oxidizer

HEX
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� TDA is building a 50 CFM gas cleanup skid that uses  2 x 25 L regenerable 
sorbent beds for landfill gas (180 ppmv H 2S)
• 4’ x 8’ footprint, designed for outdoor use in Clas s I Div II environment

� Stand-alone system with its own thermal oxidizer to convert all sulfur into SO 2

50 CFM Regenerable Biogas 
Desulfurizer��������.�	�
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Sulfur-laden 
biogas

Sorbent beds



Regenerable Bio-ethanol Desulfurizer

Desulfurizer
columns

Fuel storage tanks
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� The concept has been previously successfully applie d to desulfurization of 
bio-ethanol
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System Design for Dairy Farm
� Basis: 800 and 2000 cow dairy 

� Based on 64.4 CF/day-cow biogas generation and 1200  Btu/CF heat capacity
� 470 kW and 190 kW for 2000 and 800 cow dairies at 5 0% efficiency

� Desulfurization system is sized to handle up to 50 pp mv H2S and 10 ppmv of 
organic sulfur compounds
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Preliminary Cost Analysis

� Basis: 800 cow dairy - Capacity Factor: 100%

� ~360 kg (28 CF) sorbent per year

� Sorbent cost = $12/kg (including cost of disposal) 

� Annual Sorbent Replacement Cost = $4,300

� At 10 cents/kWh COE, this represents 2.5% of the co st of electricity
� ������+
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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


