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Use of Chemical CatalystsUse of Chemical Catalysts

• Hydrolysis of oligosaccharides released by 
hydrothermal treatment.

• Transesterification of oil removed from DDG. 
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Oligosaccharide HydrolysisOligosaccharide Hydrolysis

FermentorFixed Bed
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CellobioseCellobiose HydrolysisHydrolysis
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OrganicOrganic--Inorganic Hybrid Inorganic Hybrid MesoporousMesoporous
CatalystsCatalysts
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OrganosulfonicOrganosulfonic Acid GroupsAcid Groups
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Chemical PropertiesChemical Properties
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Cellobiose Hydrolysis (145 C)
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Cellobiose Hydrolysis (175 C)

0%

20%

40%

60%

80%

100%

0 30 60 90 120
Time (min)

M
as

s 
Fr

ac
tio

n

10% Arenesulfonic
7.5% Propylsulfonic
15% Propylsulfonic
20% Butylcarboxylic
Hydrothermolyis

1 wt% cellobiose, 0.2 wt% catalyst



Midwest Consortium for Biobased
Products & Bioenergy

Glucose DegradationGlucose Degradation

1 wt% glucose, 
0.2 wt% catalyst, 
175°C

0%

5%

10%

15%

20%

25%

G
lu

co
se

 D
eg

ra
de

d

0 30 60 120
Time (minutes)

20% Butylcarboxylic
7.5% Propylsulfonic
15% Propylsulfonic
10% Arenesulfonic



Midwest Consortium for Biobased
Products & Bioenergy

CellobioseCellobiose Hydrolysis Activation EnergyHydrolysis Activation Energy

Catalyst Activation Energy 
(kJ/gmol)

7.5% Propylsulfonic Acid 133 +/- 13
15% Propylsulfonic Acid 113 +/- 17
10% Arenesulfonic Acid 137 +/- 20
20% Butylcarboxylic Acid 118 +/- 31
Sulfuric Acid* 110 +/- 29.6
Maleic Acid* 114 +/- 9.3

*N. S. Mosier, C. M. Ladisch, M. R. Ladisch, 2002, Biotechnol. Bioeng., 79:17
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Hydrolysis Rate ConstantsHydrolysis Rate Constants
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Glucose Degradation Activation EnergyGlucose Degradation Activation Energy

Catalyst Activation Energy 
(kJ/gmol)

7.5% Propylsulfonic 67+/- 6
15% Propylsulfonic 65+/- 18
10% Arenesulfonic 73+/- 11
20% Butylcarboxylic 76+/- 20

Sulfuric* 118 +/- 37.5 
Maleic* 72.6 +/- 22.5

*N. S. Mosier, C. M. Ladisch, M. R. Ladisch, 2002, Biotechnol. Bioeng., 79:17
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Glucose Degradation Rate ConstantsGlucose Degradation Rate Constants
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Impurity Effects on CatalystsImpurity Effects on Catalysts

• Model system studies (10/1 cellobiose/zein)
– Significant deactivation.
– Pretreatment with activated silica improves activity.

• Hydrolysis of hydrothermally treated liquid
– Conversion of crude liquid.
– Conversion of pretreated liquid.
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Enzymatic HydrolysisEnzymatic Hydrolysis
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Future Catalyst WorkFuture Catalyst Work

• Incorporation of acid/base catalytic pair
– Random butylcarboxylic acid/aminopropyl placement.
– Spatially controlled placement.
– Buffered catalyst system.

• Hydronium ion mobility effect.

• Characterization of degradation kinetics.
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StillageStillage –– Oil and ProteinOil and Protein
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TransesterificationTransesterification ReactionReaction
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TransesterificationTransesterification of DDG Oilof DDG Oil

• Model corn oil conversion
– Ethanol vs. methanol kinetics.

• DDG oil conversion
– Ethanol vs. methanol rates.
– Crude vs. pretreated.

• Solid transesterification catalyst testing. 
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