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TDA Overview
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About TDA

• Began operations in 1987

• Today
• 85 employees, over 60% with 

advanced degrees
• $12 million annual revenue

• Facilities
• Combined 50,000 ft2 in Wheat Ridge 

and Golden, CO
• Synthetic Chemistry
• Materials Processing & Testing
• Process Development
• Defense and Aerospace Systems

• Business Model
• Perform R&D, primarily under 

government contract
• Secure intellectual property
• Commercializes technology by licensing, 

joint ventures, internal business units

Wheat Ridge Facility

Golden Facility
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TDA Products

C60 (Ih)

C76 (D2) C84 (D2)

SulfaTreat DO (1.3 ton/day plant 

at  Bakersfield, CA).

Frontier Carbon (40 ton/year fullerene factory in 

Kitakyushu, Japan);  TDA built/licensed the reactor 

AedotronTM, OligotronTM - Conducting 

polymers available through Sigma-Aldrich

 

TDA’s 100 kWe

Desulfurizer at 

GTT, Milano, Italy

SulfaTrapTM-P 

Sorbent

LPG Fuel Tanks

75 W MesoGen

SOFC Battery 

Charger

SulfaTrapTM sorbent platform for desulfurization of 

natural gas and LPG for fuel cell applications 
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Sugar Derived Carbons
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Project Goals

• Develop  improved low cost carbons for 

symmetric and asymmetric ultracapacitors

• Approach:
• Reduce cost of carbons by using inexpensive 

sugars as carbon precursor

• Optimize the pore structure to increase 

capacitance and reduce resistance

• Joint development with MeadWestvaco
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Double Layer Capacitance on 

Porous Carbons

Current Collector
Electrodes

Separator

+

+
+
++

+

-
-

-
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- -

Double Layer

• Two porous carbon

electrodes

• The more accessible

surface area, the 

more charge storage

(+)

(-)
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Ideal Pore Size Distribution for 

Carbon Electrodes 

• Mesopores (2 - 50 nm) for electrolyte 
access

• Micropores (< 2 nm) for high surface area

• Benefits:

• Increased Capacitance
• Pores large enough for the electrolyte to enter yet 

still maintain high surface areas.

• Increased Power 
• Large pores increase rate of ion transport through 

the electrode resulting in decreased ionic 
resistance.
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Carbon Synthesis from Sugars

Carbohydrate
Pore formers

Heat

Porous 

Carbon

• Carbohydrates – sucrose, glucose, fructose, cellulose, etc.

• Inexpensive – refined sugar ~ $0.60/kg

• Formulation controls pore size distribution

• Surface area range 300-1000 m2/g

• For higher surface areas (up to 2500 m2/g), activate with CO2 

or steam

• Production scaled up to multi-kilogram samples
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High Purity Carbons from Sugars 

• The presence of metals and heteroatoms 
in the carbon can lead to:
• Short cycle life
• Narrow voltage window
• High leakage currents
• Catalyze electrolyte decomposition
• Pressure buildup 

• Because of the high purity our sugar 
derived carbons have excellent cycle life 
and very wide voltage windows (2.85 V vs. 
2.7 V for typical carbons)
• Maxwell Technologies - US Patent 7,227,737
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Elemental Composition of First 

Generation Carbon (2004)

 

Element   

Carbon Wt.% 97.17 

Hydrogen Wt.% 0.34 

Nitrogen Wt.% 0.23 

Oxygen Wt.% 1.28 

Sulfur Wt.% 0.35 

Ash Wt.% <0.05 

Calcium g/g 32 

Chromium g/g <10 

Copper g/g <10 

Iron g/g <20 

Manganese g/g <10 

Nickel g/g <10 

Potassium g/g 146 

Silicon g/g 65 

Sodium g/g 22 

Zinc g/g <10 

Zirconium g/g <10 

pH  9.6 

Pressure buildup during 

cycling due to gas evolution

Main impurity of concern

was sulfur

Source of sulfur was the

sulfuric acid catalyst
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Second Generation Carbon (2005)

AMS-56 carbon does not contain sulfur

 

Element   

Carbon Wt.% 97.88 

Hydrogen Wt.% 0.29 

Nitrogen Wt.% 0.19 

Oxygen Wt.% 1.03 

Sulfur Wt.% 0.03 

Ash Wt.% 0.06 

pH  6.3 

Dietz, S.D., and D. Recla (2005).  “Optimization of Sugar Derived Carbons,” Proceedings of the 
15th International Seminar on Double Layer Capacitors and Hybrid Energy Storage Devices, 
Deerfield Beach, FL, December. 
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Performance of AMS-56 Carbon

• Supplied samples to several ultracapacitor 

manufacturers

• Feedback:
• Excellent cycle life

• Low resistance

• Little gas evolution

• Wide voltage window

• High gravimetric capacitance

• Low volumetric capacitance compared to 

Kuraray’s YP-17D carbon



TDA
R e s e a r c h

DFT Pore Size Distribution (N2) for AMS-56 and YP-17D

 

Carbon 
Sample 

DFT Pore 
Vol. (cc/g) <2 
nm 

DFT Pore 
Vol. (cc/g) 
<14 nm 

BET SA 
(m2/g) 

Electrode 
Density 
(g/cc) 

AMS-56 0.63 0.80 1881 0.50 

YP-17D 0.55 0.60 1416 0.60 

• AMS-56 Has Larger Pores and Lower Density Than YP-17D



TDA
R e s e a r c h

Third Generation Carbon (2008)

• In collaboration with MeadWestvaco, we 

have developed a new carbon designated 

SO-15A

• Carbon was developed using improved 

production methods to:
• Improve scalability

• Reduce costs

• Improve performance
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DFT Pore Size Distribution (N2) for 

AMS-56 and SO-15A

 

Carbon 
Sample 

DFT Pore 
Vol. (cc/g) 
<2 nm 

DFT Pore 
Vol. (cc/g) 
<14 nm 

BET SA 
(m2/g) 

AMS-56 0.63 0.80 1881 

SO-15A 0.64 0.86 1889 

• AMS-56 and SO-15A Have Similar Pore Size Distribution
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Pore Size Distribution for a Series of 

SO-15A Carbons Activated with CO2

 

Carbon Sample DFT Pore Vol. 
(cc/g) <2 nm 

DFT Pore Vol. 
(cc/g) <14 nm 

BET SA 
(m2/g) 

SO-15A 091108 0.61 0.68 1580 

SO-15A 100608 0.64 0.71 1655 

SO-15A 090508 0.65 0.85 1913 

SO-15A 092908 0.70 0.99 2247 

YP-17D 0.55 0.60 1416 
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Electrochemical Characterization at TDA

• Electrolyte –1 M NEt4BF4 in acetonitrile (ACN) or propylene 

carbonate (PC)

• Two identical electrodes 1 cm2, 4 mil thick

• 92.5% carbon mixed with 7.5% binder (PVDF)

• 0.001 in. thick separator

• 2025 coin cells
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Electrochemical Characteristics of 

SO-15A Carbons Versus YP-17D

 

Carbon Sample Electrolyte Resistance 
(Ohms/cm2) 

Cap. 
(F/g) 

Density 
(g/cc) 

Cap. 
(F/cc) 

BET Surface 
Area (m2/g) 

SO-15A 091108 ACN 4.4 73 0.63 46 1580 
SO-15A 100608 ACN 5.3 91 0.51 47 1655 
SO-15A 090508 ACN 13.6 74 0.49 37 1913 
SO-15A 092908 ACN 19.4 78 0.47 36 2247 
YP-17D ACN 10.8 73 0.62 45 1416 
       
SO-15A 091108 PC 12.7 67 0.59 44 1580 
SO-15A 100608 PC 15.4 86 0.48 41 1655 
YP-17D PC 22.6 71 0.62 44 1416 

The best TDA carbons have equal or better volumetric 

capacitance compared to Kuraray’s carbon and approximately 

½ the resistance
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Switch from CO2 to Steam Activation

• Since steam is more energetic than CO2 

this reduces processing cost by:
• Lowering temperatures

• Shortening activation times

• Reducing capital costs
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Pore Size Distribution for a Series of SO-15A 

Carbons Activated with Steam

 

Carbon Sample DFT Pore Vol. 
(cc/g) <2 nm 

DFT Pore Vol. 
(cc/g) <14 nm 

BET SA 
(m2/g) 

SO-15A 090599 0.54 0.60 1378 
SO-15A 090600 0.58 0.61 1451 
SO-15A 090601 0.58 0.69 1591 
YP-17D 0.55 0.60 1416 
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Electrochemical Characteristics of SO-

15A Carbons Versus YP-17D (Steam)

 

Carbon Sample Electrolyte Resistance 
(Ohms/cm2) 

Cap. 
(F/g) 

Density 
(g/cc) 

Cap. 
(F/cc) 

BET Surface 
Area (m2/g) 

SO-15A 090599 ACN 4.5 65 0.71 46 1378 
SO-15A 090600 ACN 5.3 64 0.71 46 1451 
SO-15A 090601 ACN 5.9 84 0.50 43 1591 
YP-17D ACN 10.8 73 0.62 45 1416 
       
SO-15A 090599 PC 12.4 52 0.72 36 1378 
SO-15A 090600 PC 10.1 59 0.72 43 1451 
SO-15A 090601 PC 12.6 78 0.55 44 1591 
YP-17D PC 22.6 71 0.62 44 1416 

The best TDA carbons made with steam activation maintain equal

or better volumetric capacitance compared to Kuraray’s carbon

and approximately ½ the resistance
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Gravimetric Capacitance Versus 

BET Surface Area (ACN)
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• Highest gravimetric capacitance at approximately 1700 m2/g



TDA
R e s e a r c h

Volumetric Capacitance Versus 

BET Surface Area (ACN)
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• Highest volumetric capacitance between 1400-1700 m2/g
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Resistance Versus 

BET Surface Area (ACN)
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• Lowest resistance between 1400-1700 m2/g
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Gravimetric Capacitance Versus 

BET Surface Area (PC)
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• Gravimetric capacitance increases with surface area
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Volumetric Capacitance Versus 

BET Surface Area (PC)
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• Highest volumetric capacitance between 1400-1600 m2/g
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Resistance Versus 

BET Surface Area (PC)
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• Lowest resistance between 1400-1600 m2/g
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Results

• Compared to YP-17D, our best carbons 

have:
• Equal or slightly greater volumetric capacitance

• Greater gravimetric capacitance

• Approximately ½ the resistance

• Found that the optimum BET surface area in 

terms of low resistance and high volumetric 

capacitance is between 1500-1600 m2/g for both 

ACN and PC based electrolytes



TDA
R e s e a r c h

Conclusions

• By using inexpensive high purity sugars, we have 

developed carbons with wide voltage windows 

and long cycle life

• Found that we can activate the carbons with CO2

or steam and get equivalent materials

• Through process optimization, we have been 

successful in improving the volumetric 

capacitances of the carbon, while maintaining 

very low resistance
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Current Status

• Supplying multi-kg samples to 

ultracapacitor manufacturers for their 

evaluation

• Received a DOE ARRA grant to scale-up 

production of carbons

• Upgrading facilities to build a pilot plant to 

be able to make ton quantities of carbons
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