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OVERVIEW

• Project start date: July 1, 2008
• Project end date: June 30, 2010
• Percent complete:  100%

Timeline Barriers
A. Durability
B. Cost
C. Performance
D. Water Transport within the Stack
E. Thermal System and Water Management

Targets
• Fuel Cell Bipolar Plates:
• Electrical Conductivity > 100 S/cm 
• Thermal Conductivity > 20 W/m.K

• Thermal cyclability in presence of condensed water
• Improved GDL performance, durability, and resistance to 

flooding
• Develop testing and characterization protocols and 

techniques
• Ability to tailor the properties of carbon foam supports 

to meet PEM fuel cell electrode requirements 
• Ability to construct pseudomorphic overlayer catalysts, 

on carbon supports, that are designed to mimic 
conventional PEM anode catalysts

• Total project funding
• DOE - $1.23 Million
• Contractor - $352K

• Funding received in FY08: $139K
• Funding for FY09: $1.1 Million

Budget

• Dana Holding Corporation
• Clemson University
• Johns Hopkins University
• Michigan Technological University (Project Lead)

Partners
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OBJECTIVES
This project involves fundamental and applied research in the development and testing of lightweight and 
nanostructured materials to be used in fuel cell applications.

Our research covers these areas:
Area I. Heat and Water Management

• Develop and test lightweight and nanostructured materials for fuel cell bipolar plates.
• Improve GDL performance and durability.
• Develop testing and characterization protocols and techniques for GDLs relative to water 

management.
Area II. Development of New Electrode Materials

• Develop graphitic carbon foams that will serve as current collectors, and catalyst supports.
• Develop durable carbon-supported catalysts that have reduced weight and cost compared to 

conventional PEM anode catalysts.
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Area I. Heat and Water Management
RELEVANCE/APPROACH

APPROACH
• Develop carbon filled thermoplastic bipolar plates that meet conductivity targets (electrical conductivity> 

100 S/cm, thermal conductivity > 20 W/m.K) 
• Develop environmental chamber for measuring GDL wettability at fuel cell operating temperatures in air and 

hydrogen; thermal, humidity and gaseous control
• Measure contact angles from 0 to 80oC in air and in hydrogen
• Develop characterization method for GDL compression and damage resulting from compression
• Image GDL under compression
• Assess damage resulting from compression

RELEVANCE
• By 2010 to develop a 60% peak efficient, durable, direct hydrogen fuel cell power system for transportation 

at a cost of $45/KW, by 2015 , a cost of $30/kW.
• Develop improved bipolar plate material
• Improve GDL performance and durability
• Develop testing and characterization protocols and techniques
• Alleviate flooding and/or dryout of membrane through advanced understanding of GDL water 

transport 
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Area I. Heat and Water Management
MILESTONES

Milestones Month/Year Percent Complete

Compounded carbon nanotube/carbon black/synthetic graphite/ polypropylene conductive resins 
and molded test specimens for bipolar plate materials.  Determined electrical conductivity, 
through plane thermal conductivity using guarded heat flow meter method and transient plane 
source test method, and rheological properties of each resin.  Developed electrical conductivity 
models and through plane thermal conductivity models. 

Nov-2008 100%

Completed in plane and through plane thermal conductivity testing and modeling on carbon 
nanotube/carbon black/ synthetic graphite/ polypropylene conductive resins using nanoflash test 
method.

Jun-2010 100%

Contact angle measurement apparatus and technique: There remains some development work on 
the humidity control for measuring the contact angle at elevated temperatures. A second-level 
thermostat is being constructed to maintain better humidity control and provide a sealed chamber 
for use with hydrogen.

Nov-2008 100%

Contact angle measurements on GDL samples: Contact angle measurements continue on the 
current GDL sample set.

Jan-2010 100%

Compression Fixture: The fixture is complete. A second set of springs will be ordered to improve 
the testing range for the stiffer GDL materials.

Nov-2010 100%

Compression-force measurements on GDL samples: Compression testing and imaging continue on 
the current GDL sample set.

Jan-2010 100%
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Area I. Heat and Water Management
TECHNICAL ACCOMPLISHMENTS

Movement of Water in Fuel Cell Electrodes

2nd-Level Thermostat

Dynamic contact angle of water injected through SGL-25BC; θ 
calculated from left and right side of drop profile;    images 
which are acquired at approximately 1/second.

θdynamic of a growing water drop

Drop growing in time.

Technical Accomplishments
• 2nd-Level Thermostat fabricated for environmental chamber

• Improved Temperature control
• Improved Humidity control
• Potential H2 atmosphere

• Addressed dependence of contact angles on drop size
• Improved algorithm for contact angle determination
• Developed new drop deposition method which injects 
water through GDL



– Most Conductive Material: 2.5 wt% Akzo Nobel Ketjenblack EC-600 JD carbon black/ 65 
wt% Asbury Carbons Thermocarb TC-300 synthetic graphite particles/ 6 wt% Hyperion 
carbon nanotubes/  26.5 wt% Dow  homopolymer polypropylene H7012-35RN
• Electrical Conductivity: obtained 91 S/cm (DOE target is 100 S/cm) via compression 

molding and  38 S/cm via injection molding 
• In Plane Thermal Conductivity: obtained  24 W/m.K (DOE target is > 20 W/m.K) via 

compression molding and 18 W/m.K via injection molding

Area I. Heat and Water Management
TECHNICAL ACCOMPLISHMENTS

Conductive Bipolar Plates for Fuel Cells
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• Percolation Threshold : Injection Molded Samples
• Carbon Black : 1.4 vol% 
• Carbon Nanotubes: 2.1 vol%
• Synthetic Graphite: 13 vol%

Area I. Heat and Water Management
TECHNICAL ACCOMPLISHMENTS

Conductive Bipolar Plates for Fuel Cells: Electrical Conductivity
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Area I. Heat and Water Management
TECHNICAL ACCOMPLISHMENTS

Conductive Bipolar Plates for Fuel Cells
• Through Plane Thermal Conductivity : 

Guarded Heat Flow Meter Method and Transient Plane 
Source Test Method: Injection molded samples
• 15 wt% (8.1 vol%) Carbon Black (CB) / PP:               

0.34 W/m.K
• 15 wt% (7.4 vol%) Carbon Nanotubes (CNT) / PP:     

0.47 W/m.K
• 80 wt% (61.6 vol%) Synthetic Graphite (SG) / PP:        

6 W/m.K
Nielsen Through Plane Thermal Conductivity Model

• CB / PP:  kfiller = 2.1 W/m-K, A = 75.6, φm = 0.64
• CNT /PP: kfiller = 20 W/m-K , A = 18.2, φm = 0.64
• SG / PP: kfiller = 600 W/m-K,  A = 8.35, φm = 0.741
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• In Plane Thermal Conductivity: Transient Plane Source Test Method 
• 80 wt% (61.6 vol%) Synthetic Graphite/PP: 28 W/m.K

Area I. Heat and Water Management
TECHNICAL ACCOMPLISHMENTS

Conductive Bipolar Plates for Fuel Cells
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• Graphitic carbon can serve as a current collector and mechanical support for 
electrochemically-active mass and catalytic materials. A mesoporous carbon foam, in 
particular, offers an inexpensive, lightweight alternative to current electrode materials, and it 
can be machined to desired shapes. It is also tolerant of the corrosive environment within 
fuel cells. Both the electrical conductivity (degree of graphitization) and the porosity of the 
carbon foam are important for current collector and catalyst applications. 

• Replacement catalysts for platinum are needed to reduce fuel cell cost. Synthesis of 
pseudomorphic overlayer bimetallic catalysts may reduce or eliminate platinum use in PEM 
fuel cells.

Area II. Development of New Electrode Materials
RELEVANCE
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Area II. Development of New Electrode Materials
APPROACH

• Synthesize carbon foams of varying pore sizes at Clemson University using polyacrolnitrile
(PAN) precursors. Thermally-induced phase separation (TIPS) of the polymer from the solvent 
phase is used to form the precursor material. The resulting foam is then pyrolized to produce a 
graphitic carbon foam. To date,  green foam samples have been synthesized that range from 
3% to 8% by weight  PAN.   Critical-point drying is done either at in-house facilities on the 
central Clemson Campus or at the Clemson Conservation Center.

• Measure the pore size distribution, surface area, and surface composition (via spectroscopic 
analyses) of candidate carbon foam electrode supports, both before and after electrochemical 
service.

• Use surface passivation and controlled deposition reaction to synthesize a pseudomorphic
overlayer bimetallic catalyst on a carbon support. The bimetallic combination is being chosen 
to mimic the heat of adsorption and catalytic activity of a Platinum active site on a PEM fuel 
cell catalyst.
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Milestones Progress Notes Planned Completion Date % Complete

Making a graphitized carbon foam from a PAN 
precursor

Completed 06/08/2010 100%

Synthesis and characterization of Pt/Ni 
Overlayer Catalysts

Completed 06/08/2010 100%

Extend catalyst synthesis procedure to a carbon 
support

In progress 06/30/2010 75%

Area II. Development of New Electrode Materials
MILESTONES
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Synthesizing Graphitic Carbon Foams
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• Porous, machinable current collectors and mechanical supports 
• Pyrolysis of PAN-based foams in an oxygen-free environment at 1200°C
• Fuel cell electrodes with a large macropore/mesopore space to hold 

electrochemically-active material 
• Carbon supports for fuel cell pseudomorphic overlayer catalyst(s) that 

promote dissociation of diatomic hydrogen into constituent protons and 
electrons 



Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Bimetallic Catalysts

15

Bimetallic catalysts are commonly used in many 
reactions

• Most are simple alloys of different metals
Non-equilibrated atomic arrangements would 
allow finer control of catalytic properties

• Supported by first principles computational and 
single crystal work

Single Crystal
Pseudomorphic Overlayer

Oxide Support

Supported Particle
Pseudomorphic Overlayer

Metal A
Metal B

Industrial Examples:
Pt/Re Catalytic Reforming

Co/Mo Hydrotreating
Co/Ni Fischer-Tropsch
Zn/Cr Tetrahydrofuran
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• Structure results in unique properties:
• Bonding strength can increase or decrease depending on the metal combination. Literature studies have determined 

precise values.
• Bond strength can be correlated with center of the d-band calculated computationally.

• Nomenclature: Base@Overlayer; e.g. Re@Pd is Pd overlayer on Re base.
• First principle computational techniques have been used to predict d-band shifts and adsorption properties

[E. Christoffersen, P. Liu, A. Ruban, H.L. Skriver,
J.K. Norskov, J. Catal. 199 (2001) 128.]

Overlayer Metal
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Weaker Adsorption

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Catalyst Design
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• Synthesis procedure focuses overlayer deposition:
• Hydroxylation and acetylacetone inhibit deposition on support.
• Surface reaction with hydrogen also direct deposition while only allowing one layer of coverage.

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Reload Synthesis Procedure
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Catalyst Metal Loadings

• Synthesis Effects:
– Maximum theoretical Pd 

loading of 0.13 wt%

• Particle Size Effects:

Catalyst Dispersion Particle Size (nm)

2wt% Re 36.7% 2.72

10wt% Re 15.9% 6.29

Catalyst Pd (wt%)

Re -

Re@Pd RT 0.008

Re@Pd HT 0.083

Re@Pd TD 0.073

Re@Pd NI 0.249

Pd 0.086
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• 10wt% Re - similar adsorption to 2wt% Re
• 10wt% Re@Pd - more low pressure adsorption and surface sites
• Possible indication of some isolated Pd particles
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

10wt% H2 Chemisorption Isotherms
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

H2 Heat of Adsorption
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• Re heat of adsorption:
– Increases with particle size 
– Moves toward bulk values as particle size increases

• Pd overlayer on small and large particles results in 
similar heat of adsorption

• Literature comparisons:
– Pd: 67 kJ/mol for highly dispersed Pd/Al2O3 [1], 78 

kJ/mol for single crystal Pd(111) at 100% coverage 
(computational) [3]

– Re: 128 kJ/mol for Re wire (initial heat) [4], 139 
kJ/mol (first principles computation at 33% 
coverage) [5]

– PdML/Re: +2 kJ/mol at 100% coverage 
(computational) [3]

NI = no inhibitors (hydroxylation or acetylacetone)
HT = High temperature deposition
TD = deposition procedure repeated three times
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Overlayer Catalyst Activity

Apparent Activation 
Energy, 
kJ/mol

Reaction Order 
(10°C)

Catalyst H2 C2H4

2 wt% Re/Al2O3 103 1.0 0.0

0.1 wt% Pd/Al2O3 76.1 1.0 -0.11

2wt% Re@Pd HT 78.3 1.1 -0.12

2wt% Re@Pd TD 72.4 1.0 -0.12

2wt% Re@Pd NI 73.9 1.0 -0.12

10wt% Re@Pd 81.5 1.1 -0.13
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• Pd activity comparable, but higher than 
Re@Pd catalysts

• Apparent activation (~75 kJ/mol) energies 
approximately constant for these catalysts

Ethylene Hydrogenation Reactivity Summary
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• H2 ΔHads on Pt: 57 kJ/mol at high coverage [8]
• H2 ΔHads on Ni: 50 kJ/mol at start of reversible adsorption [9]
• H2 ΔHads on PtML/Ni expected to be lower than Pt & Ni based on single crystal and 

computational studies [10]

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

H2 Heat of Adsorption



23

• H2 ΔHads results not as clear as for alumina support

Vulcan XC-72 carbon black 
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Apparent Activation
Energy, kJ/mol

Reaction Order

Catalyst H2 C2H4

0.1wt%Pd/Al2O3 76.1 1.0 -0.11

2wt% Re@Pd/Al2O3 78.3 1.1 -0.12

10wt% Re@Pd/C 36.7 0.8 -0.08

0.1wt%Pd/C (100%) 61 1.0 -0.07

• Reactivity results consistent with alumina.  Overlayer on C support 
shows largest apparent activation energy and reaction order change.

• Concerned about synthesis procedure depositing very small base 
Re particles.

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Carbon Support
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Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Current and Pending Work

• Direct methanol FC electrodes
• Less expensive replacements for precious metal catalysts
• More carbon monoxide tolerant electrodes

• Aqueous Phase Reforming (APR):
• Potential process to produce H2 from renewable feedstocks.

• CnH2yOn yH2 + nCO
• CO + H2O  CO2 + H2

• Benefit:  Both CO and H2 have been shown to inhibit APR.  Lower heats of
adsorption decreases H2 and CO surface coverage

more sites accessible for reactions.
• Computational predictions:
• Decrease in d-band center
• Result: Decrease in H2 binding energy

Decrease in CO binding energy
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• Supported Re@Pd overlayers found to have hydrogen heats of adsorption 
lower than that of pure components

– Isotherms also support altered hydrogen adsorption on Pd in Re@Pd catalysts
• Ethylene hydrogenation results support decreased binding of hydrogen

– Also suggest initial hydrogenation barrier strongest influence for apparent 
activation energy 

• All results consistent with first principles and single crystal studies of 
PdML/Re

• Activity can be correlated with computationally predicted shifts in the center 
of the d-band through heat of adsorption

• Strong indication that we can make catalysts that demonstrate the 
properties of pseudomorphic overlayer bimetallics.

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Conclusions



• Extending recently developed synthesis method for bimetallic overlayer
catalysts

• Selecting bimetallic combinations with desired fuel cell catalytic properties
• Refining synthesis procedure to construct an overlayer catalyst on a 

working graphitic carbon electrode

Area II. Development of New Electrode Materials
TECHNICAL ACCOMPLISHMENTS

Exploring Alternatives to a Platinum-based Fuel Cell Anode Catalyst
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TECHNOLOGY TRANSFER/COLLABORATIONS

27

• Dr. Eve S. Steigerwalt, Technical Development Manager, Performance Plastics Center, Dana Holding Corporation, 
Paris, TN

• Dr. O. Thompson Mefford, School of Materials Science and Engineering, Clemson University
• RIT, GM: Visualization of Fuel Cell Water Transport and Performance Characterization Under Freezing Conditions, 

DOE DE-FG36-07GO17018
• MTU: Hydrogen Education Curriculum Path at Michigan Technological University, DOE DE-FG36-08GO18108
• MTU, State of Michigan: Fuel Cell Water Control System Prototype – Alternative Energy, Michigan Universities 

Commercialization Initiative (MUCI)
• MTU amended claims 066040-9791-01 filed on 01-19-2010 in response to USPTO 11-18-2009 office action 

A3694005.   United States Patent Application No. 2006 0024583, “Nickel hydroxide impregnated carbon foam 
electrodes for rechargeable nickel batteries,” filed 15 July, 2005, A. Singh, B. C. Cornilsen, M. E. Mullins, and T. N. 
Rogers (U.S. Provisional Application No. 60/588,108 filed July 15, 2004)

• Dr. Andres Hurtado, M.D., Kennedy Krieger Institute, Johns Hopkins University - In this project we have been 
developing new classes of materials that take advantage of the flexible properties of plastics combined with some 
of the chemical advantages of ceramic (inorganic) materials. The original object was to create better fuel cell 
membranes; however, an unexpected twist in our studies is that the new materials we developed were found to 
be excellent for supporting tissue growth.

• Technology and Commercialization Consultant: Mr. Ralph J. Brodd, President of Broddarp of Nevada, Inc.



Area I. Heat and Water Management
• For carbon nanotube/carbon black/synthetic graphite /polypropylene materials for fuel cell bipolar plates

• Determine through-plane and in-plane thermal conductivity using nanoflash method  and develop models 
(currently writing papers)

• Determine tensile and flexural properties and develop models (currently writing papers)

Area II. Development of New Electrode Materials
• Optimize carbon foam synthesis procedure to improve porosity and mechanical strength
• Refine synthesis techniques to construct a pseudomorphic overlayer catalyst on the surface area of a carbon foam support.

FUTURE WORK
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PROJECT SUMMARY
I. Heat and Water Management

Relevance:
• Develop improved bipolar plate materials
• Improve GDL performance and durability

Approach:
• Use combination of carbon fillers in thermoplastic to achieve desired fuel cell bipolar plate conductivity
• Measure contact angles in hydrogen and air to determine GDL wettability at fuel cell operating conditions

Technical Accomplishments:
• Fuel Cell Bipolar Plates:  For 2.5 wt% Akzo Nobel Ketjenblack EC-600 JD carbon black/ 65 wt% Asbury Carbons Thermocarb TC-300 

synthetic graphite particles/ 6 wt% Hyperion carbon nanotubes/  26.5 wt% Dow  homopolymer polypropylene H7012-35RN  (DOE target 
of 100 S/cm and > 20 W/m.K)
• Electrical Conductivity: Achieved 91 S/cm  
• Thermal Conductivity Achieved 24 W/m.K

• Water Management:
• Fabricated environmental chamber; measured contact angles and characterized error; data indicates decrease in contact angle as 

temperature increases
Technology Transfer/Collaborations: Active partnerships with Dana, RIT and GM (DOE DE-FR36-07GO17018), Hydrogen Education Curriculum 
Path at Michigan Technological University (DOE DE-FG36-08GO18108), and State of Michigan: Fuel Cell water Control System Prototype-
Alternative Energy, Michigan Universities Commercialization Initiative (MUCI) 
Future Work:

• For carbon nanotube/carbon black/synthetic graphite /polypropylene materials for fuel cell bipolar plates
• Determine through plane and in plane thermal conductivity using nanoflash method  and develop models
• Determine tensile and flexural properties and develop models
• Complete contact angle measurements for current GDL set for drop size and temperature dependencies
• Fabricate sealed, second level thermostat for measuring contact angles in humid, hydrogen environment for range of temperatures
• Complete compression imaging for current DGL set 
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PROJECT SUMMARY
II. Development of New Electrode Materials

30

Relevance: Porous graphitic carbon foams can serve as lightweight current collectors, active mass holders, and mechanical supports for 
electrodes and catalysts. Pseudomorphic overlayer bimetallic catalysts deposited on a carbon surface may reduce or replace Platinum 
use in PEM fuel cells.

Approach: 
• Synthesize carbon foams having varying levels of porosity by pyrolizing PAN-based precursors
• Fabricate and test carbon-supported electrodes and catalysts
• Construct overlayer catalysts tailored to have desired catalytic activity

Technical Accomplishment and Progress: 
• Investigated electrode applications for porous, graphitic carbon foams
• Developed procedures for selecting and synthesizing bimetallic overlayer catalysts, on an alumina support, having desired catalytic 

properties
Technology Transfer/Collaborations: 

• MTU amended claims 066040-9791-01 filed on 01-19-2010 in response to USPTO 11-18-2009 office action A3694005.   United States 
Patent Application No. 2006 0024583, “Nickel hydroxide impregnated carbon foam electrodes for rechargeable nickel batteries,” filed 
15 July, 2005, A. Singh, B. C. Cornilsen, M. E. Mullins, and T. N. Rogers (U.S. Provisional Application No. 60/588,108 filed July 15, 2004)

• Collaborating on carbon foam synthesis procedures with Dr. O. Thompson Mefford, Clemson University, School of Materials Science 
and Engineering 

• Technology and Commercialization Consultant: Mr. Ralph J. Brodd, President of Broddarp of Nevada, Inc.
Proposed Future Research: 

• Synthesize carbon foams with increased porosity and surface area and improved mechanical strength
• Refine catalyst synthesis procedure to construct pseudomorphic overlayer catalysts on a graphitic carbon support

Dr. Michael E. Mullins
(906) 487-1445

memullin@mtu.edu
Project ID#: FC068

mailto:memullin@mtu.edu�
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OVERVIEW

Project start date: July 1, 2008

Project end date: June 30, 2010

Percent complete:  100%

Timeline

Barriers

A. Durability

B. Cost

C. Performance

D. Water Transport within the Stack

E. Thermal System and Water Management



Targets

Fuel Cell Bipolar Plates:

Electrical Conductivity > 100 S/cm 

Thermal Conductivity > 20 W/m.K

Thermal cyclability in presence of condensed water

Improved GDL performance, durability, and resistance to flooding

Develop testing and characterization protocols and techniques

Ability to tailor the properties of carbon foam supports to meet PEM fuel cell electrode requirements 

Ability to construct pseudomorphic overlayer catalysts, on carbon supports, that are designed to mimic conventional PEM anode catalysts

Total project funding

DOE - $1.23 Million

Contractor - $352K

Funding received in FY08: $139K

Funding for FY09: $1.1 Million

Budget

Dana Holding Corporation

Clemson University

Johns Hopkins University

Michigan Technological University (Project Lead)

Partners
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OBJECTIVES

This project involves fundamental and applied research in the development and testing of lightweight and nanostructured materials to be used in fuel cell applications.



Our research covers these areas:

Area I. Heat and Water Management

Develop and test lightweight and nanostructured materials for fuel cell bipolar plates.

Improve GDL performance and durability.

Develop testing and characterization protocols and techniques for GDLs relative to water management.

Area II. Development of New Electrode Materials

Develop graphitic carbon foams that will serve as current collectors, and catalyst supports.

Develop durable carbon-supported catalysts that have reduced weight and cost compared to conventional PEM anode catalysts.

	







3







Area I. Heat and Water Management

RELEVANCE/APPROACH

APPROACH

Develop carbon filled thermoplastic bipolar plates that meet conductivity targets (electrical conductivity> 100 S/cm, thermal conductivity > 20 W/m.K) 

Develop environmental chamber for measuring GDL wettability at fuel cell operating temperatures in air and hydrogen; thermal, humidity and gaseous control

Measure contact angles from 0 to 80oC in air and in hydrogen

Develop characterization method for GDL compression and damage resulting from compression

Image GDL under compression

Assess damage resulting from compression

RELEVANCE

By 2010 to develop a 60% peak efficient, durable, direct hydrogen fuel cell power system for transportation at a cost of $45/KW, by 2015 , a cost of $30/kW.

Develop improved bipolar plate material

Improve GDL performance and durability

Develop testing and characterization protocols and techniques

Alleviate flooding and/or dryout of membrane through advanced understanding of GDL water transport 
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Area I. Heat and Water Management

MILESTONES

		Milestones		Month/Year		Percent Complete

		Compounded carbon nanotube/carbon black/synthetic graphite/ polypropylene conductive resins and molded test specimens for bipolar plate materials.  Determined electrical conductivity, through plane thermal conductivity using guarded heat flow meter method and transient plane source test method, and rheological properties of each resin.  Developed electrical conductivity models and through plane thermal conductivity models. 		Nov-2008		100%

		Completed in plane and through plane thermal conductivity testing and modeling on carbon nanotube/carbon black/ synthetic graphite/ polypropylene conductive resins using nanoflash test method.		Jun-2010		100%

		Contact angle measurement apparatus and technique: There remains some development work on the humidity control for measuring the contact angle at elevated temperatures.  A second-level thermostat is being constructed to maintain better humidity control and provide a sealed chamber for use with hydrogen.		Nov-2008     		100%

		Contact angle measurements on GDL samples: Contact angle measurements continue on the current GDL sample set.		Jan-2010   		100%

		Compression Fixture: The fixture is complete.  A second set of springs will be ordered to improve the testing range for the stiffer GDL materials.		Nov-2010		100%

		Compression-force measurements on GDL samples: Compression testing and imaging continue on the current GDL sample set.		Jan-2010		100%
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 Area I. Heat and Water Management

TECHNICAL ACCOMPLISHMENTS
Movement of Water in Fuel Cell Electrodes

2nd-Level Thermostat

Dynamic contact angle of water injected through SGL-25BC; q calculated from left and right side of drop profile;    images which are acquired at approximately 1/second.

qdynamic of a growing water drop



Drop growing in time.







Technical Accomplishments

 2nd-Level Thermostat fabricated for environmental chamber

Improved Temperature control

Improved Humidity control

Potential H2 atmosphere

 Addressed dependence of contact angles on drop size

 Improved algorithm for contact angle determination

 Developed new drop deposition method which injects water through GDL







Most Conductive Material: 2.5 wt% Akzo Nobel Ketjenblack EC-600 JD carbon black/ 65 wt% Asbury Carbons Thermocarb TC-300 synthetic graphite particles/ 6 wt% Hyperion carbon nanotubes/  26.5 wt% Dow  homopolymer  polypropylene H7012-35RN

Electrical Conductivity: obtained 91 S/cm (DOE target is 100 S/cm) via compression molding and  38 S/cm via injection molding 

In Plane Thermal Conductivity: obtained  24 W/m.K (DOE target is > 20 W/m.K) via compression molding and 18 W/m.K via injection molding









Area I. Heat and Water Management

TECHNICAL ACCOMPLISHMENTS
Conductive Bipolar Plates for Fuel Cells
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Percolation Threshold : Injection Molded Samples

Carbon Black : 1.4 vol% 

Carbon Nanotubes: 2.1 vol%

Synthetic Graphite: 13 vol%









Area I. Heat and Water Management

TECHNICAL ACCOMPLISHMENTS
 Conductive Bipolar Plates for Fuel Cells: Electrical Conductivity
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 Area I. Heat and Water Management

TECHNICAL ACCOMPLISHMENTS
Conductive Bipolar Plates for Fuel Cells

Through Plane Thermal Conductivity : Guarded Heat Flow Meter Method and Transient Plane Source Test Method: Injection molded samples

15 wt% (8.1 vol%) Carbon Black (CB) / PP:               0.34 W/m.K

15 wt% (7.4 vol%) Carbon Nanotubes (CNT) / PP:     0.47 W/m.K 

80 wt% (61.6 vol%) Synthetic Graphite (SG) / PP:        6 W/m.K

	Nielsen Through Plane Thermal Conductivity Model













CB / PP:  kfiller = 2.1 W/m-K, A = 75.6, fm = 0.64

CNT /PP: kfiller = 20 W/m-K , A = 18.2, fm = 0.64

SG / PP: kfiller = 600 W/m-K,  A = 8.35, fm = 0.741
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CB / PP Experiments	0	0	1.2658227848101267E-2	1.2658227848101267E-2	2.0408163265306152E-2	2.5641025641025751E-2	3.0927835051546435E-2	3.8961038961038953E-2	5.2631578947368432E-2	8.1081081081081086E-2	0.2063575	0.20382500000000001	0.22082800000000027	0.22478000000000029	0.24026500000000042	0.25093200000000004	0.26087500000000002	0.27682500000000032	0.29826000000000008	0.33744000000000096	CNT / PP Experiments	0	0	6.8061507436350029E-3	1.1406844106463913E-2	1.8404907975460127E-2	2.3136246786632401E-2	2.7921406411582212E-2	2.7921406411582212E-2	3.5202086049543682E-2	3.5202086049543682E-2	4.7619047619047714E-2	7.3569482288828481E-2	0.2063575	0.20382500000000001	0.21510000000000001	0.22900000000000034	0.258405	0.28160000000000002	0.30217500000000008	0.29762500000000008	0.3289333333333333	0.32302500000000073	0.37197500000000072	0.4667	CB / PP Model	0	0	1.2658227848101267E-2	1.2658227848101267E-2	2.0408163265306152E-2	2.5641025641025751E-2	3.0927835051546435E-2	3.8961038961038953E-2	5.2631578947368432E-2	8.1081081081081086E-2	0.20509125000000036	0.20509125000000036	0.22660748098547179	0.22660748098547179	0.24008859882922975	0.24934482743904726	0.25883526269933765	0.27354948689929981	0.29951846024738726	0.35828906034702102	CNT / PP Model	0	0	6.8061507436350029E-3	1.1406844106463913E-2	1.8404907975460127E-2	2.3136246786632401E-2	2.7921406411582212E-2	2.7921406411582212E-2	3.5202086049543682E-2	3.5202086049543682E-2	4.7619047619047714E-2	7.3569482288828481E-2	0.20509125000000036	0.20509125000000036	0.22526146785019993	0.23926453548560311	0.26122657513939151	0.27658795498326588	0.29259926278356585	0.29259926278356585	0.31799473201401912	0.31799473201401912	0.36472929924254904	0.48173268108789741	Filler Volume Fraction

Through Plane Thermal Conductivity (W/m*K)

SG / PP Experiments	0	0	4.2735042735042729E-2	6.6208925944090224E-2	9.1277890466531425E-2	0.11811023622047249	0.14689880304679048	0.17786561264822134	0.21126760563380281	0.24740378741600547	0.28662420382165715	0.32934131736527084	0.37604456824512594	0.42731921110299592	0.42731921110299592	0.48387096774193677	0.54655870445344124	0.61643835616438514	0.2063575	0.20382500000000001	0.23356000000000021	0.26620000000000005	0.29215000000000002	0.35267500000000002	0.43870000000000031	0.50345749999999956	0.62817500000000182	0.72653499999999949	0.89642249999999957	1.1506750000000001	1.4958333333333318	1.9717500000000001	1.9872500000000026	2.7124999999999977	3.641	6.0422000000000002	SG / PP Model	0	0	4.2735042735042729E-2	6.6208925944090224E-2	9.1277890466531425E-2	0.11811023622047249	0.14689880304679048	0.17786561264822134	0.21126760563380281	0.24740378741600547	0.28662420382165715	0.32934131736527084	0.37604456824512594	0.42731921110299592	0.42731921110299592	0.48387096774193677	0.54655870445344124	0.61643835616438514	0.20509125000000036	0.20509125000000036	0.29070403103585202	0.34139213921463757	0.39881701952994908	0.4645258753904235	0.54059414311026388	0.62987454271687504	0.73640224349183003	0.866083767901771	1.0279323023358915	1.2364324072004498	1.5164559750410318	1.9146458765293133	1.9146458765293133	2.5299853843378348	3.6160199661651129	6.0763082930847823	Filler Volume Fraction

Through Plane Thermal Conductivity (W/m*K)

In Plane Thermal Conductivity: Transient Plane Source Test Method 

80 wt% (61.6 vol%) Synthetic Graphite/PP: 28 W/m.K









 Area I. Heat and Water Management

TECHNICAL ACCOMPLISHMENTS
Conductive Bipolar Plates for Fuel Cells
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Graphitic carbon can serve as a current collector and mechanical support for electrochemically-active mass and catalytic materials.  A mesoporous carbon foam, in particular, offers an inexpensive, lightweight alternative to current electrode materials, and it can be machined to desired shapes.  It is also tolerant of the corrosive environment within fuel cells.  Both the electrical conductivity (degree of graphitization) and the porosity of the carbon foam are important for current collector and catalyst applications. 

Replacement catalysts for platinum are needed to reduce fuel cell cost. Synthesis of pseudomorphic overlayer bimetallic catalysts may reduce or eliminate platinum use in PEM fuel cells.

Area II. Development of New Electrode Materials

RELEVANCE
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Area II. Development of New Electrode Materials

APPROACH

Synthesize carbon foams of varying pore sizes at Clemson University using polyacrolnitrile (PAN) precursors.  Thermally-induced phase separation (TIPS) of the polymer from the solvent phase is used to form the precursor material.  The resulting foam is then pyrolized to produce a graphitic carbon foam.   To date,  green foam samples have been synthesized that range from 3% to 8% by weight  PAN.   Critical-point drying is done either at in-house facilities on the central Clemson Campus or at the Clemson Conservation Center.

Measure the pore size distribution, surface area, and surface composition (via spectroscopic analyses) of candidate carbon foam electrode supports, both before and after electrochemical service.

Use surface passivation and controlled deposition reaction to synthesize a pseudomorphic overlayer bimetallic catalyst on a carbon support. The bimetallic combination is being chosen to mimic the heat of adsorption and catalytic activity of a Platinum active site on a PEM fuel cell catalyst.
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		Milestones		Progress Notes		Planned Completion Date		% Complete

		Making a graphitized carbon foam from a PAN precursor		Completed		06/08/2010		100%

		Synthesis and characterization of Pt/Ni Overlayer Catalysts		Completed		06/08/2010		100%

		Extend catalyst synthesis procedure to a carbon support		In progress		06/30/2010		75%



Area II. Development of New Electrode Materials
MILESTONES
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Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Synthesizing Graphitic Carbon Foams
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Porous, machinable current collectors and mechanical supports 

Pyrolysis of PAN-based foams in an oxygen-free environment at 1200°C

Fuel cell electrodes with a large macropore/mesopore space to hold electrochemically-active material 

Carbon supports for fuel cell pseudomorphic overlayer catalyst(s) that promote dissociation of diatomic hydrogen into constituent protons and electrons 







Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Bimetallic Catalysts
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Bimetallic catalysts are commonly used in many reactions

 Most are simple alloys of different metals

Non-equilibrated atomic arrangements would allow finer control of catalytic properties

Supported by first principles computational and single crystal work







Industrial Examples:

Pt/Re Catalytic Reforming

Co/Mo Hydrotreating

Co/Ni Fischer-Tropsch

Zn/Cr Tetrahydrofuran
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Structure results in unique properties:

Bonding strength can increase or decrease depending on the metal combination. Literature studies have determined precise values.

Bond strength can be correlated with center of the d-band calculated computationally.

Nomenclature: Base@Overlayer; e.g. Re@Pd is Pd overlayer on Re base.

First principle computational techniques have been used to predict d-band shifts and adsorption properties

[E. Christoffersen, P. Liu, A. Ruban, H.L. Skriver,

J.K. Norskov, J. Catal. 199 (2001) 128.]





Overlayer Metal

Underlying Host

Stronger Adsorption

Weaker Adsorption

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Catalyst Design
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 Synthesis procedure focuses overlayer deposition:

 Hydroxylation and acetylacetone inhibit deposition on support.

 Surface reaction with hydrogen also direct deposition while only allowing one layer of coverage.

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Reload Synthesis Procedure
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Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Catalyst Metal Loadings

Synthesis Effects:

Maximum theoretical Pd 

	loading of 0.13 wt%









Particle Size Effects:







		Catalyst		Dispersion		Particle Size (nm)

		2wt% Re		36.7%		2.72

		10wt% Re 		15.9%		6.29



		Catalyst		Pd (wt%)

		Re		-

		Re@Pd RT		0.008

		Re@Pd HT		0.083

		Re@Pd TD		0.073

		Re@Pd NI		0.249

		Pd		0.086
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10wt% Re - similar adsorption to 2wt% Re

10wt% Re@Pd - more low pressure adsorption and surface sites

Possible indication of some isolated Pd particles

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

10wt% H2 Chemisorption Isotherms







Re	1.8400000000000083E-2	7.2200000000000014E-2	0.14520000000000041	0.2336	0.33580000000000237	0.44640000000000041	0.56430000000000002	0.69480000000000164	0.81640000000000001	2.0952999999999977	8.9954000000000267	25.865599999999873	98.033699999999996	198.64779999999999	298.91379999999816	398.5421	498.49509999999816	598.29049999999995	698.33309999999949	798.17180000000053	899.82239999999797	1.0400000000000041E-2	1.900000000000009E-2	2.6600000000000078E-2	3.3399999999999999E-2	3.9600000000000128E-2	4.5400000000000024E-2	5.0800000000000102E-2	5.5600000000000004E-2	6.0800000000000132E-2	9.0900000000000064E-2	9.8200000000000398E-2	0.10979999999999999	0.1351	0.1645000000000002	0.18890000000000096	0.20950000000000021	0.22840000000000041	0.24640000000000081	0.26020000000000004	0.2747	0.29770000000000002	Re@Pd HT	2.0000000000000052E-3	2.0199999999999999E-2	6.5500000000000072E-2	0.1336	0.21870000000000081	0.31590000000000157	0.42670000000000002	0.54759999999999998	0.67570000000000419	0.81510000000000005	2.0227999999999997	8.5578000000000003	26.021699999999989	99.297900000000027	199.56890000000001	300.11259999999999	399.83760000000001	499.58329999999899	599.39619999999798	699.06679999999949	799.10950000000003	898.98	1.170000000000008E-2	2.2500000000000055E-2	3.1900000000000012E-2	4.0200000000000007E-2	4.740000000000013E-2	5.410000000000012E-2	6.0000000000000102E-2	6.5500000000000072E-2	7.0400000000000129E-2	7.4900000000000272E-2	0.1003	0.11119999999999998	0.12740000000000001	0.16000000000000011	0.19290000000000029	0.22140000000000026	0.24720000000000072	0.27150000000000002	0.2928000000000015	0.31460000000000032	0.33220000000000038	0.34920000000000034	0.1wt% Pd 308K	2.4000000000000041E-3	7.8000000000000265E-3	0.13789999999999999	0.32090000000000174	0.56259999999999999	0.81880000000000064	1.0727	2.4735999999999998	8.9999000000000002	25.722699999999847	41.461600000000004	101.87849999999995	201.25559999999999	302.2516	398.27809999999869	500.19369999999969	600.6	2.7100000000000082E-2	5.3900000000000017E-2	6.4700000000000327E-2	6.7600000000000091E-2	6.9700000000000331E-2	7.1199999999999999E-2	7.2300000000000184E-2	7.5300000000000283E-2	8.3800000000000263E-2	8.9300000000000046E-2	8.3400000000000044E-2	9.6400000000000013E-2	9.0600000000000208E-2	0.10539999999999998	0.11010000000000007	0.12570000000000001	0.13840000000000041	10wt% Re@Pd 308K	9.5193722518161264E-4	1.7442207317799377E-3	2.8162503149360397E-3	4.8613976687192917E-3	1.2113933451473644E-2	2.8524473309516907E-2	5.1874630153179314E-2	8.1738390028477367E-2	0.12206047773361278	0.59254693984985085	1.0703320503234859	2.5200736522674694	10.066755294799806	21.632350921630891	41.184360504150391	98.988716125487827	203.11758422851432	299.77386474609369	399.71777343749869	499.01049804687369	598.91735839843739	1.3863118852760838E-2	2.7736079774774346E-2	4.160925321068161E-2	5.5400392324255997E-2	6.8887794038096584E-2	8.1828403077813305E-2	9.432227971699178E-2	0.10636423840470696	0.11776394089307762	0.16992240377829917	0.19628773084263101	0.23750558917018341	0.25833799815286662	0.27643174050726876	0.29824402595140781	0.33541709560431865	0.40957335584025845	0.44558289071574336	0.47736860115547058	0.50689607053645891	0.53602681134652863	10wt% Re 308K Batch 1	7.8474935144186193E-3	3.0741166323423576E-2	6.928626447916042E-2	0.1251884400844574	0.54850739240646351	1.1039023399353027	2.4844863414764515	9.2215576171875	21.09772109985353	40.965980529785156	98.865219116210938	198.07572937011719	299.07385253906278	398.81454467773437	498.77474975585926	598.42559814452818	1.3605733027008401E-2	2.6235950912269771E-2	3.7862965706669208E-2	4.8397963147476131E-2	8.4959738405257751E-2	0.10622300940684848	0.13543561527517789	0.14343771844731698	0.15197736720704741	0.16441569352174301	0.18594209021882288	0.21518696775814261	0.24503549412030937	0.27540188181841507	0.30366444526309888	0.33255175423485472	Pressure, Torr



Total H2 Adsorbed, cm3/g STP
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Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

H2 Heat of Adsorption



Re heat of adsorption:

Increases with particle size 

Moves toward bulk values as particle size increases

Pd overlayer on small and large particles results in similar heat of adsorption

Literature comparisons:

Pd: 67 kJ/mol for highly dispersed Pd/Al2O3 [1], 78 kJ/mol for single crystal Pd(111) at 100% coverage (computational) [3]

Re: 128 kJ/mol for Re wire (initial heat) [4], 139 kJ/mol (first principles computation at 33% coverage) [5]

PdML/Re: +2 kJ/mol at 100% coverage (computational) [3]

NI = no inhibitors (hydroxylation or acetylacetone)

HT = High temperature deposition

TD = deposition procedure repeated three times







Re	0.2	0.25	0.30000000000000032	0.4	0.45	0.55000000000000004	0.65000000000000191	39.25112822158588	38.018708518514813	40.081171618087645	41.259844908034545	40.465510857520663	39.152449019706985	37.346517627681344	10wt%Re (Batch 2)	0.2	0.25	0.30000000000000032	0.4	0.45	0.55000000000000004	0.65000000000000191	32.785114653807142	39.817743393280473	45.857153334557111	50.671742888586301	53.429359191493127	57.984336276113034	51.997001940602544	2wt% Re@Pd	0.2	0.25	0.30000000000000032	0.4	0.45	0.55000000000000004	0.65000000000000191	19.131574218071755	23.233912927414938	25.965896870331019	27.607007771460175	27.517618857519594	25.474670657801646	24.111298589006509	10wt% Re@Pd (Batch 1)	0.2	0.25	0.30000000000000032	0.4	0.45	0.55000000000000004	0.65000000000000191	20.566444773659629	24.930409073606189	29.11731556545212	24.441517660756762	25.290640613871304	18.92576492873641	14.141502638867674	Volume H2 Adsorbed, cm3/g



Heat of Adsorption, kJ/mol
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Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Overlayer Catalyst Activity

				Apparent Activation Energy, kJ/mol		Reaction Order (10°C)		

		Catalyst				H2		C2H4

		2 wt% Re/Al2O3		103		1.0		0.0

		0.1 wt% Pd/Al2O3		76.1		1.0		-0.11

		2wt% Re@Pd HT		78.3		1.1		-0.12

		2wt% Re@Pd TD		72.4		1.0		-0.12

		2wt% Re@Pd NI		73.9		1.0		-0.12

		10wt% Re@Pd		81.5		1.1		-0.13



Pd activity comparable, but higher than Re@Pd catalysts

Apparent activation (~75 kJ/mol) energies approximately constant for these catalysts

Ethylene Hydrogenation

Reactivity Summary







Pd	3.4129692832764592E-3	3.5335689045936395E-3	3.6630036630036652E-3	3.7313432835821012E-3	3.5971223021582857E-3	3.4722222222222242E-3	3.355704697986588E-3	1.4538039855410299	0.46559190413845852	0.14776518983328601	8.0477045181304024E-2	0.23864888513121602	0.76071764506311268	2.510686321736546	HT	3.4129692832764592E-3	3.5335689045936395E-3	3.6630036630036652E-3	3.7313432835821012E-3	3.5971223021582857E-3	3.4722222222222242E-3	3.355704697986588E-3	0.43328317371460501	0.1394873435117758	4.2151146554669755E-2	2.2138065337712762E-2	7.5219753189154456E-2	0.24465012416133144	0.77284234539959884	TD	3.355704697986588E-3	3.4722222222222242E-3	3.5971223021582857E-3	3.7313432835821012E-3	3.6630036630036652E-3	3.5335689045936395E-3	3.4129692832764592E-3	0.44182322804680352	0.15589090137510644	5.2274191961119702E-2	1.7292654044210383E-2	3.0174864099864085E-2	9.3825469947842452E-2	0.27846289179767669	NI	3.4129692832764592E-3	3.5335689045936395E-3	3.6630036630036652E-3	3.7313432835821012E-3	3.5971223021582857E-3	3.4722222222222242E-3	3.355704697986588E-3	0.45755569509744648	0.15794082421053798	5.2225291150552973E-2	2.7554580634836227E-2	8.4270953277586366E-2	0.25904038090853643	0.80381166075272437	Inverse Temperature, K-1



Turnover Frequency, sec-1
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H2 ΔHads on Pt: 57 kJ/mol at high coverage [8]

H2 ΔHads on Ni: 50 kJ/mol at start of reversible adsorption [9]

H2 ΔHads on PtML/Ni expected to be lower than Pt & Ni based on single crystal and computational studies [10]

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

H2 Heat of Adsorption







Pt	0.25	0.30000000000000032	0.35000000000000031	0.4	0.45	0.5	0.55000000000000004	0.60000000000000064	0.65000000000000124	0.70000000000000062	0.75000000000000111	0.8	63.594316170412	63.256952513560151	62.017299516954324	60.297977968135925	57.395107863974381	53.54166919078699	49.89686600177037	49.33779869873127	48.024842674647218	46.191063669168855	44.586521542890495	42.582344918222645	Ni	0.75000000000000111	0.70000000000000062	0.65000000000000124	0.60000000000000064	0.55000000000000004	0.5	0.45	0.4	0.35000000000000031	0.30000000000000032	10.31795092529908	15.548230747949065	21.613625224695191	28.902944576731674	35.287983101521277	44.098545365143963	51.255712612462979	56.54662139869982	57.908887914430196	55.032584924399856	Ni@Pt RT	0.75000000000000111	0.70000000000000062	0.65000000000000124	0.60000000000000064	0.55000000000000004	0.5	0.45	0.4	0.35000000000000031	0.30000000000000032	28.058087200000003	35.111684799999935	40.613058600000002	43.8871118	49.712731600000012	53.315187799999997	59.180714800000011	62.424006200000001	62.847188799999998	60.9349688	Ni@Pt HT	0.75000000000000111	0.70000000000000062	0.65000000000000124	0.60000000000000064	0.55000000000000004	0.5	0.45	0.4	0.35000000000000031	0.30000000000000032	20.901396000000002	27.673149000000002	34.361761999999999	39.241248599999999	45.053566000000004	51.355578000000001	55.623985600000012	59.931468999999993	60.304767599999927	63.898909800000013	Volume H2 Adsorbed (cm3/g STP)



Heat of Adsorption (kJ/mol)
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H2 ΔHads results not as clear as for alumina support

Vulcan XC-72 carbon black 





				Apparent Activation
Energy, kJ/mol		Reaction Order		

		Catalyst				H2		C2H4

		0.1wt%Pd/Al2O3		76.1		1.0		-0.11

		2wt% Re@Pd/Al2O3		78.3		1.1		-0.12

		10wt% Re@Pd/C		36.7		0.8		-0.08

		0.1wt%Pd/C (100%)		61		1.0		-0.07



Reactivity results consistent with alumina.  Overlayer on C support shows largest apparent activation energy and reaction order change.

Concerned about synthesis procedure depositing very small base 
Re particles.

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Carbon Support
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Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Current and Pending Work

Direct methanol FC electrodes

Less expensive replacements for precious metal catalysts

More carbon monoxide tolerant electrodes

Aqueous Phase Reforming (APR):

Potential process to produce H2 from renewable feedstocks.

CnH2yOn  yH2 + nCO

CO + H2O  CO2 + H2

Benefit:  Both CO and H2 have been shown to inhibit APR.  Lower heats of
adsorption decreases H2 and CO surface coverage

	 more sites accessible for reactions.

Computational predictions:

 Decrease in d-band center

 Result: Decrease in H2 binding energy

		Decrease in CO binding energy
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Supported Re@Pd overlayers found to have hydrogen heats of adsorption lower than that of pure components

Isotherms also support altered hydrogen adsorption on Pd in Re@Pd catalysts

Ethylene hydrogenation results support decreased binding of hydrogen

Also suggest initial hydrogenation barrier strongest influence for apparent activation energy 

All results consistent with first principles and single crystal studies of PdML/Re

Activity can be correlated with computationally predicted shifts in the center of the d-band through heat of adsorption

Strong indication that we can make catalysts that demonstrate the properties of pseudomorphic overlayer bimetallics.

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Conclusions







Extending recently developed synthesis method for bimetallic overlayer catalysts

Selecting bimetallic combinations with desired fuel cell catalytic properties

Refining synthesis procedure to construct an overlayer catalyst on a working graphitic carbon electrode

Area II. Development of New Electrode Materials

TECHNICAL ACCOMPLISHMENTS

Exploring Alternatives to a Platinum-based Fuel Cell Anode Catalyst
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Dr. Eve S. Steigerwalt, Technical Development Manager, Performance Plastics Center, Dana Holding Corporation, Paris, TN

Dr. O. Thompson Mefford, School of Materials Science and Engineering, Clemson University

RIT, GM: Visualization of Fuel Cell Water Transport and Performance Characterization Under Freezing Conditions, DOE DE-FG36-07GO17018

MTU: Hydrogen Education Curriculum Path at Michigan Technological University, DOE DE-FG36-08GO18108

MTU, State of Michigan: Fuel Cell Water Control System Prototype – Alternative Energy, Michigan Universities Commercialization Initiative (MUCI)

MTU amended claims 066040-9791-01 filed on 01-19-2010 in response to USPTO 11-18-2009 office action A3694005.   United States Patent Application No. 2006 0024583, “Nickel hydroxide impregnated carbon foam electrodes for rechargeable nickel batteries,” filed 15 July, 2005, A. Singh, B. C. Cornilsen, M. E. Mullins, and T. N. Rogers (U.S. Provisional Application No. 60/588,108 filed July 15, 2004)

Dr. Andres Hurtado, M.D., Kennedy Krieger Institute, Johns Hopkins University - In this project we have been developing new classes of materials that take advantage of the flexible properties of plastics combined with some of the chemical advantages of ceramic (inorganic) materials.   The original object was to create better fuel cell membranes; however, an unexpected twist in our studies is that the new materials we developed were found to be excellent for supporting tissue growth. 

Technology and Commercialization Consultant: Mr. Ralph J. Brodd, President of Broddarp of Nevada, Inc.













Area I.	Heat and Water Management

For carbon nanotube/carbon black/synthetic graphite /polypropylene materials for fuel cell bipolar plates

Determine through-plane and in-plane thermal conductivity using nanoflash method  and develop models (currently writing papers)

Determine tensile and flexural properties and develop models (currently writing papers)

Area II.	Development of New Electrode Materials

Optimize carbon foam synthesis procedure to improve porosity and mechanical strength

Refine synthesis techniques to construct a pseudomorphic overlayer catalyst on the surface area of a carbon foam support.

FUTURE WORK
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PROJECT SUMMARY



I. Heat and Water Management

Relevance:

Develop improved bipolar plate materials

Improve GDL performance and durability

Approach:

Use combination of carbon fillers in thermoplastic to achieve desired fuel cell bipolar plate conductivity

Measure contact angles in hydrogen and air to determine GDL wettability at fuel cell operating conditions

Technical Accomplishments:

Fuel Cell Bipolar Plates:  For 2.5 wt% Akzo Nobel Ketjenblack EC-600 JD carbon black/ 65 wt% Asbury Carbons Thermocarb TC-300 synthetic graphite particles/ 6 wt% Hyperion carbon nanotubes/  26.5 wt% Dow  homopolymer  polypropylene H7012-35RN  (DOE target of 100 S/cm and > 20 W/m.K)

	Electrical Conductivity: Achieved 91 S/cm  

	Thermal Conductivity Achieved 24 W/m.K 

Water Management:

Fabricated environmental chamber; measured contact angles and characterized error; data indicates decrease in contact angle as temperature increases

Technology Transfer/Collaborations: Active partnerships with Dana, RIT and GM (DOE DE-FR36-07GO17018), Hydrogen Education Curriculum Path at Michigan Technological University (DOE DE-FG36-08GO18108), and State of Michigan: Fuel Cell water Control System Prototype- Alternative Energy, Michigan Universities Commercialization Initiative (MUCI) 

Future Work:

For carbon nanotube/carbon black/synthetic graphite /polypropylene materials for fuel cell bipolar plates

Determine through plane and in plane thermal conductivity using nanoflash method  and develop models

Determine tensile and flexural properties and develop models

Complete contact angle measurements for current GDL set for drop size and temperature dependencies

Fabricate sealed, second level thermostat for measuring contact angles in humid, hydrogen environment for range of temperatures

Complete compression imaging for current DGL set 
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PROJECT SUMMARY

II. Development of New Electrode Materials

30

Relevance:  Porous graphitic carbon foams can serve as lightweight current collectors, active mass holders, and mechanical supports for electrodes and catalysts. Pseudomorphic overlayer bimetallic catalysts deposited on a carbon surface may reduce or replace Platinum use in PEM fuel cells.

Approach:  

Synthesize carbon foams having varying levels of porosity by pyrolizing PAN-based precursors

Fabricate and test carbon-supported electrodes and catalysts

Construct overlayer catalysts tailored to have desired catalytic activity

Technical Accomplishment and Progress:  

Investigated electrode applications for porous, graphitic carbon foams

Developed procedures for selecting and synthesizing bimetallic overlayer catalysts, on an alumina support, having desired catalytic properties

Technology Transfer/Collaborations:  

MTU amended claims 066040-9791-01 filed on 01-19-2010 in response to USPTO 11-18-2009 office action A3694005.   United States Patent Application No. 2006 0024583, “Nickel hydroxide impregnated carbon foam electrodes for rechargeable nickel batteries,” filed 15 July, 2005, A. Singh, B. C. Cornilsen, M. E. Mullins, and T. N. Rogers (U.S. Provisional Application No. 60/588,108 filed July 15, 2004)

Collaborating on carbon foam synthesis procedures with Dr. O. Thompson Mefford, Clemson University, School of Materials Science and Engineering 

Technology and Commercialization Consultant: Mr. Ralph J. Brodd, President of Broddarp of Nevada, Inc.

Proposed Future Research:  

Synthesize carbon foams with increased porosity and surface area and improved mechanical strength

Refine catalyst synthesis procedure to construct pseudomorphic overlayer catalysts on a graphitic carbon support



Dr. Michael E. Mullins
(906) 487-1445
memullin@mtu.edu

Project ID#: FC068
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D. Lopez Gaxiola, J. M. Keith, N. Mo, J. A. King, and B. A. Johnson, “Predicting Thermal Conductivity of Multiple Fillers in Polypropylene Based Resins,” Journal of Composite Materials, under review.
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R. A. Hauser, J. A. King, J. M. Keith, I. M. Wescoat, and R. M. Pagel, “Factorial Design of Thermally Conductive Composite Materials for Fuel Cell Bipolar Plate Applications,” American Institute of Chemical Engineers Annual Meeting, November 16-21, 2008, Philadelphia, PA. 
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CRITICAL ASSUMPTIONS AND ISSUES

I.		Heat and Water Management

The investigators have selected wettability and GDL compression as key factors to optimize water management.

High quality bipolar plates can be manufactured from polymer-carbon composites in a cost-effective manner that meet or exceed the desired conductivities and performance criteria.

II.	Development of New Electrode Materials

The investigators have extended pseudomorphic overlayer catalyst synthesis techniques from oxidic supports to carbon. Recent work has shown that chemical oxidation can create carbon surfaces amenable to existing deposition techniques.
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						225			0.6385635646			0.4443278058			0.1942357588						275			548			0.1192391209			0.4435054362			0.3242663153						100			0.312617639			0.1403555128			0.1722621262						375			0.4876279439			0.3632695912			0.1243583528						100			0.4198363983			0.1719000111			0.2479363872									250			0.365920308			0.2673308034			0.0985895046									200			0.7459820594			0.472644804			0.2733372554


						250			0.6373430851			0.4483500247			0.1889930604						300			573			0.1297974542			0.4216566208			0.2918591666																					150			0.4843706885			0.2998412066			0.1845294819																								275			0.3304792433			0.2468219251			0.0836573182									300			0.7061667778			0.4653396535			0.2408271243


						275			0.591661303			0.4365373298			0.1551239732						325			598			0.1110709085			0.3762705273			0.2651996189																					300			0.5722692883			0.4109880551			0.1612812332						250			0.628221118			0.4331620144			0.1950591035																											350			0.6145036128			0.4407285333			0.1737750795


						300			0.5690792288			0.4233068095			0.1457724193						350			623			0.0948689866			0.3508715246			0.256002538																					50			0.1459240727			0.0623811518			0.083542921						50			0.2349678562			0.1079601865			0.1270076697


						350			0.4885505372			0.3765403777			0.1120101595						375			648			0.090107797			0.3331803104			0.2430725134																					75			0.2112059351			0.091519558			0.1196863771						125			0.497705591			0.2612933357			0.2364122553


						375			0.4285704774			0.3457412685			0.0828292089						400			673			0.0761585931			0.3048861328			0.2287275396																					250			0.6111065443			0.4461007935			0.1650057509						200			0.6193921597			0.3882568002			0.2311353596


						200			0.6394971254			0.4215837581			0.2179133672																																							350			0.4966178457			0.3778661115			0.1187517343						225			0.6330226095			0.4012521393			0.2317704702


						50			0.1168922241			0.055236105			0.0616561191


						325			0.4846092018			0.4098486825			0.0747605193


						100			0.3827076384			0.1571329073			0.2255747312


						100			0.3639906264			0.1541468663			0.2098437601


						325			0.5019878823			0.3992365826			0.1027512996


																																				Vol Ads @ Zero Pressure


						50			0.145143079			0.0803325184			0.0648105606									35			0.0603569342			0.0694891855			0.0091322513						50			0.1188858197			0.0541327355			0.0647530842						50			0.1680878377			0.0771489671			0.0909388706						50			0.2954071053			0.1209154101			0.1744916952																											50			0.1576717534			0.0839913165			0.0736804369


						75			0.2899270624			0.1053983179			0.1845287446									50			0.0568033955			0.0824900883			0.0256866928						100			0.3610344123			0.1637483922			0.1972860201						50			0.1588052168			0.0827594668			0.0760457499						50			0.2947023668			0.112744797			0.1819575697																											50			0.1821822876			0.0700816909			0.1121005967


						100			0.492329271			0.182037956			0.310291315									75			0.1187036012			0.1748394599			0.0561358587						200			0.6883427715			0.4826638479			0.2056789236						75			0.2679612115			0.1103745767			0.1575866348						50			0.3070938742			0.112002369			0.1950915052																											75			0.2961801033			0.1186745943			0.177505509


						125			0.5692713508			0.2959087919			0.2733625589									100			0.1809254247			0.2816219117			0.1006964869						300			0.6385999387			0.4739142081			0.1646857306						200			0.7037376429			0.4883767756			0.2153608673						35			0.2488028027			0.1000339122			0.1487688905																											100			0.4564363661			0.1858888677			0.2705474984


						150			0.6810172217			0.4384230941			0.2425941276									125			0.1961398755			0.3766985136			0.1805586381						150			0.5826733965			0.3757142465			0.2069591501						375			0.6074219926			0.4581924506			0.149229542						150			0.702023379			0.3827774107			0.3192459682																											225			0.7675887829			0.5278085828			0.2397802002


						150			0.6634516157			0.4072029554			0.2562486602									150			0.1909293658			0.4572481159			0.2663187501						350			0.5578858956			0.4256432288			0.1322426668						275			0.7334882619			0.5108944279			0.222593834						350			0.6285065502			0.4706958566			0.1578106937																											250			0.7671193946			0.5232600139			0.2438593807


						175			0.7303852116			0.4752770689			0.2551081427									175			0.1726845245			0.5181668677			0.3454823432						75			0.4874179012			0.2677057022			0.219712199						175			0.6609358442			0.4366895571			0.2242462871						75			0.4011493854			0.1546754758			0.2464739096																											325			0.6657582656			0.4544529036			0.211305362


						200			0.7742056269			0.5287728951			0.2454327317									200			0.1956496611			0.5638889351			0.368239274						175			0.7169671322			0.4973113818			0.2196557503						325			0.694165226			0.4861334057			0.2080318203						275			0.74786694			0.4796013657			0.2682655743																											375			0.6077091998			0.4298807717			0.1778284281


						200			0.7613246576			0.5119574021			0.2493672555									225			0.1860363836			0.5793291436			0.39329276						275			0.5878533608			0.4527941105			0.1350592503						100			0.378734591			0.1767706541			0.2019639369						175			0.7417266892			0.444283726			0.2974429632																											125			0.5720160889			0.312862291			0.2591537979


						200			0.766858408			0.524440248			0.24241816									250			0.1617737599			0.5653049442			0.4035311843						250			0.7079596047			0.5078968433			0.2000627614						225			0.7436392014			0.5048297515			0.2388094499						300			0.6910246519			0.5011260112			0.1898986406																											175			0.7263266523			0.470658416			0.2556682363


						225			0.7686479959			0.5348436654			0.2338043305									275			0.1440195385			0.5356752695			0.3916557311						100			0.3763022744			0.1689479162			0.2073543581						375			0.5869646542			0.4372727458			0.1496919084						100			0.5053630117			0.2069184751			0.2984445366																											200			0.7459820594			0.472644804			0.2733372554


						250			0.7671788875			0.5396852671			0.2274936204									300			0.1567721173			0.509285807			0.3525136897																					150			0.5830438497			0.3609231019			0.2221207477						250			0.7561986466			0.5214032443			0.2347954022																											300			0.7061667778			0.4653396535			0.2408271243


						275			0.7121910801			0.5254661592			0.1867249209									325			0.1341537983			0.454467521			0.3203137227																					300			0.6888486377			0.4947121358			0.1941365018						50			0.2828341324			0.1299532037			0.1528809287																											350			0.6145036128			0.4407285333			0.1737750795


						300			0.6850087179			0.5095403947			0.1754683232									350			0.1145847735			0.423790067			0.3092052934																					50			0.1756508706			0.0750890748			0.1005617958						125			0.5990952604			0.3145224844			0.284572776


						350			0.5880751927			0.4532469792			0.1348282134									375			0.1088341078			0.4024222433			0.2935881355																					75			0.2542315718			0.1101633866			0.1440681852						200			0.7455711047			0.4673502027			0.278220902


						375			0.5158763462			0.4161736558			0.0997026904									400			0.0919859635			0.3682479356			0.2762619721																					250			0.7355975922			0.5369778357			0.1986197565						225			0.7619782699			0.4829928763			0.2789853936


						200			0.7697717362			0.5074663334			0.2623054028																																							350			0.5977859261			0.4548427837			0.1429431424


						50			0.1407048237			0.066488481			0.0742163427


						325			0.5833309516			0.4933406569			0.0899902947


						100			0.4606705982			0.1891431033			0.2715274949


						100			0.438140666			0.1855487635			0.2525919025


						325			0.604249915			0.4805667222			0.1236831929


																																	Total Metal Content Dispersions


						50			0.1913958063			0.1059320723			0.0854637341									35			0.0791621406			0.0911396966			0.011977556						50			0.1549635137			0.07056013			0.0844033837						50			0.1988439755			0.0912654213			0.1075785542						50			0.2894559768			0.1184795068			0.17097647																											50			0.1886845431			0.1005117456			0.0881727975


						75			0.3823180843			0.1389855871			0.2433324973									50			0.0745014379			0.108191247			0.0336898091						100			0.4705957465			0.21344031			0.2571554365						50			0.1878628524			0.0979025111			0.0899603412						50			0.2887654356			0.110473495			0.1782919407																											50			0.2180161059			0.0838662065			0.1341498994


						100			0.6492197802			0.2400479694			0.4091718108									75			0.1556876819			0.2293136009			0.0736259189						200			0.8972307608			0.6291354677			0.2680952931						75			0.3169918379			0.1305705394			0.1864212985						50			0.3009073097			0.1097460235			0.1911612862																											75			0.3544363923			0.1420169505			0.2124194418


						125			0.7506809833			0.3902060108			0.3604749725									100			0.2372957492			0.369365901			0.1320701518						300			0.8323927156			0.6177306178			0.2146620978						200			0.8325051507			0.5777382882			0.2547668625						35			0.2437905419			0.0980186775			0.1457718644																											100			0.5462137974			0.2224517411			0.3237620563


						150			0.8980368973			0.5781353285			0.3199015689									125			0.2572505151			0.4940651992			0.2368146841						150			0.7594944212			0.4897303976			0.2697640236						375			0.718565992			0.5420309386			0.1765350533						150			0.6878807559			0.3750661624			0.3128145935																											225			0.9185674392			0.6316243658			0.2869430733


						150			0.8748736617			0.5369662719			0.3379073898									150			0.2504165844			0.5997113694			0.349294785						350			0.7271847795			0.5548110822			0.1723736973						275			0.8676994363			0.6043761435			0.2633232927						350			0.6158449616			0.4612134458			0.1546315159																											250			0.9180057259			0.6261811294			0.2918245965


						175			0.9631369786			0.626733555			0.3364034237									175			0.2264872594			0.6796103713			0.4531231119						75			0.63533221			0.3489450326			0.2863871775						175			0.7818716252			0.5165935192			0.265278106						75			0.3930680241			0.1515594585			0.2415085656																											325			0.7967076626			0.5438402035			0.2528674592


						200			1.0209216402			0.6972768896			0.3236447506									200			0.2566075663			0.7395779091			0.4829703428						175			0.9345416151			0.6482280165			0.2863135986						325			0.8211812057			0.5750844342			0.2460967715						275			0.7328007748			0.4699395488			0.262861226																											375			0.7272408037			0.5144349271			0.2128058766


						200			1.0039358941			0.6751028055			0.3288330886									225			0.2439991123			0.7598287712			0.515829659						275			0.7662463237			0.5902013081			0.1760450155						100			0.4480341516			0.2091155441			0.2389186075						175			0.7267842225			0.4353334012			0.2914508213																											125			0.6845271396			0.3743998347			0.3101273049


						200			1.011233084			0.6915635584			0.3196695257									250			0.2121770647			0.7414350993			0.5292580346						250			0.9228006177			0.6620257959			0.2607748218						225			0.8797077599			0.5972017734			0.2825059865						300			0.6771036039			0.4910305693			0.1860730346																											175			0.8691893731			0.5632332122			0.3059561608


						225			1.0135929597			0.7052822315			0.3083107282									275			0.1888912204			0.7025738069			0.5136825865						100			0.4904968714			0.2202177079			0.2702791635						375			0.6943654397			0.5172834177			0.177082022						100			0.4951822132			0.2027499957			0.2924322175																											200			0.8927108436			0.5656103071			0.3271005365


						250			1.0116556907			0.7116667058			0.2999889848									300			0.2056170772			0.6679622685			0.4623451912																					150			0.6897272198			0.4269635771			0.2627636427						250			0.7409646348			0.5108993071			0.2300653278																											300			0.8450642103			0.5568682912			0.2881959191


						275			0.9391449254			0.6929163966			0.2462285288									325			0.1759516448			0.596064434			0.4201127891																					300			0.8148918062			0.585232871			0.2296589352						50			0.2771362929			0.1273352294			0.1498010635																											350			0.7353716241			0.5274163578			0.2079552663


						300			0.9033003631			0.6719155706			0.2313847926									350			0.150285565			0.5558289091			0.405543344																					50			0.2077908664			0.088828617			0.1189622493						125			0.5870261774			0.3081862667			0.2788399107


						350			0.7754770431			0.5976831392			0.1777939039									375			0.1427431838			0.5278035846			0.3850604008																					75			0.3007499956			0.1303207064			0.1704292892						200			0.7305511902			0.4579351918			0.2726159984


						375			0.680270599			0.5487956643			0.1314749347									400			0.12064572			0.4829817032			0.3623359831																					250			0.8701947246			0.6352322041			0.2349625205						225			0.7466278246			0.4732627357			0.273365089


						200			1.0150748022			0.6691805685			0.3458942337																																							350			0.707166751			0.5380683612			0.1690983899


						50			0.1855432129			0.0876763572			0.0978668556


						325			0.7692209553			0.6505534643			0.118667491


						100			0.607472442			0.2494173131			0.3580551289


						100			0.577762899			0.2446775655			0.3330853335


						325			0.7968061623			0.6337088613			0.163097301


																		0			0.3455702312


																		84			0.2637173


																		826			0.2389186075


																		2490			0.2924322175


																		734			0.3237620563
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Temperature, °C
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						Re 323K									Pd/Re (Jan-08) 323K									Pd/Re (Feb-08) 323K									Pd/Re (No Inhibitors) 323K									0.1wt%Pd 308K									Pd/Re TD 323K


						0.0184			0.0104						0.0164			0.0078						0.002			0.0117						0.0014			0.0109						0.0024			0.0271						0.0379			0.0177


						0.0722			0.019						0.07			0.0143						0.0202			0.0225						0.0023			0.0217						0.0078			0.0539						0.15			0.0281


						0.1452			0.0266						0.1428			0.0201						0.0655			0.0319						0.0041			0.0325						0.1379			0.0647						0.2843			0.0361


						0.2336			0.0334						0.2297			0.0254						0.1336			0.0402						0.01			0.0432						0.3209			0.0676						0.436			0.0425


						0.3358			0.0396						0.3288			0.0302						0.2187			0.0474						0.0238			0.0535						0.5626			0.0697						0.5936			0.0482


						0.4464			0.0454						0.4391			0.0347						0.3159			0.0541						0.0443			0.0634						0.8188			0.0712						0.7589			0.0532


						0.5643			0.0508						0.5593			0.0387						0.4267			0.06						0.0697			0.0731						1.0727			0.0723						0.9235			0.0581


						0.6948			0.0556						0.6833			0.0427						0.5476			0.0655						0.1051			0.0823						2.4736			0.0753						2.0745			0.0802


						0.8164			0.0608						0.813			0.0464						0.6757			0.0704						0.141			0.0915						8.9999			0.0838						8.1118			0.0937


						2.0953			0.0909						2.0497			0.0699						0.8151			0.0749						0.1879			0.1002						25.7227			0.0893						26.338			0.1199


						8.9954			0.0982						8.5213			0.0756						2.0228			0.1003						0.2417			0.1085						41.4616			0.0834						100.4387			0.1617


						25.8656			0.1098						25.812			0.0861						8.5578			0.1112						0.3004			0.1166						101.8785			0.0964						200.2468			0.2035


						98.0337			0.1351						98.3333			0.1098						26.0217			0.1274						0.3664			0.1243						201.2556			0.0906						300.5152			0.2386


						198.6478			0.1645						198.715			0.1358						99.2979			0.16						0.4433			0.1314						302.2516			0.1054						400.2894			0.2707


						298.9138			0.1889						299.1197			0.1599						199.5689			0.1929						0.5188			0.1387						398.2781			0.1101						500.6778			0.2992


						398.5421			0.2095						398.7206			0.1831						300.1126			0.2214						0.6056			0.1454						500.1937			0.1257						599.9502			0.327


						498.4951			0.2284						498.8746			0.2048						399.8376			0.2472						0.7124			0.1511						600.6			0.1384						699.788			0.3488


						598.2905			0.2464						598.7304			0.2253						499.5833			0.2715						0.795			0.158															799.6314			0.368


						698.3331			0.2602						698.5571			0.2423						599.3962			0.2928						0.907			0.1633															899.6141			0.3878


						798.1718			0.2747						798.3776			0.2592						699.0668			0.3146						2.0205			0.199


						899.8224			0.2977						898.2482			0.2754						799.1095			0.3322						8.8034			0.215


																								898.98			0.3492						26.2283			0.238


																																	99.9854			0.2817


																																	199.9287			0.3217


																																	300.5921			0.357


																																	400.4417			0.3878


																																	500.4484			0.4142


																																	599.8293			0.4392


																																	699.5599			0.4598


																																	799.5336			0.4783


																																	899.3312			0.494
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									50			0.1680878377			0.0771489671			0.0909388706						50			0.2954071053			0.1209154101			0.1744916952						50			0.1019746111			0.0468108332			0.0551637779						0.1227482819			0.0563468621			0.0664014198


									50			0.1588052168			0.0827594668			0.0760457499						50			0.2947023668			0.112744797			0.1819575697						50			0.1199586435			0.0479674659			0.0719911776						0.1443959161			0.0577391172			0.0866567989


									75			0.2679612115			0.1103745767			0.1575866348						50			0.3070938742			0.112002369			0.1950915052						50			0.1343753936			0.0559559814			0.0784194122						0.1617495622			0.0673550064			0.0943945557


									200			0.7037376429			0.4883767756			0.2153608673						35			0.2488028027			0.1000339122			0.1487688905						50			0.120579358			0.0667372055			0.0538421525						0.145143079			0.0803325184			0.0648105606


									375			0.6074219926			0.4581924506			0.149229542						150			0.702023379			0.3827774107			0.3192459682						75			0.2408603931			0.0875609199			0.1532994733						0.2899270624			0.1053983179			0.1845287446


									275			0.7334882619			0.5108944279			0.222593834						350			0.6285065502			0.4706958566			0.1578106937						100			0.4090084615			0.1512302207			0.2577782408						0.492329271			0.182037956			0.310291315


									175			0.6609358442			0.4366895571			0.2242462871						75			0.4011493854			0.1546754758			0.2464739096						125			0.4729290195			0.2458297868			0.2270992326						0.5692713508			0.2959087919			0.2733625589


									325			0.694165226			0.4861334057			0.2080318203						275			0.74786694			0.4796013657			0.2682655743						150			0.5657632453			0.3642252569			0.2015379884						0.6810172217			0.4384230941			0.2425941276


									100			0.378734591			0.1767706541			0.2019639369						175			0.7417266892			0.444283726			0.2974429632						150			0.5511704069			0.3382887513			0.2128816556						0.6634516157			0.4072029554			0.2562486602


									225			0.7436392014			0.5048297515			0.2388094499						300			0.6910246519			0.5011260112			0.1898986406						175			0.6067762965			0.3948421396			0.2119341569						0.7303852116			0.4752770689			0.2551081427


									375			0.5869646542			0.4372727458			0.1496919084						100			0.5053630117			0.2069184751			0.2984445366						200			0.6431806333			0.4392844405			0.2038961929						0.7742056269			0.5287728951			0.2454327317


									150			0.5830438497			0.3609231019			0.2221207477																					200			0.6324796133			0.4253147675			0.2071648458						0.7613246576			0.5119574021			0.2493672555


									300			0.6888486377			0.4947121358			0.1941365018						250			0.7561986466			0.5214032443			0.2347954022						200			0.6370768429			0.4356850418			0.2013918012						0.766858408			0.524440248			0.24241816


									50			0.1756508706			0.0750890748			0.1005617958						50			0.2828341324			0.1299532037			0.1528809287						225			0.6385635646			0.4443278058			0.1942357588						0.7686479959			0.5348436654			0.2338043305


									75			0.2542315718			0.1101633866			0.1440681852						125			0.5990952604			0.3145224844			0.284572776						250			0.6373430851			0.4483500247			0.1889930604						0.7671788875			0.5396852671			0.2274936204


									250			0.7355975922			0.5369778357			0.1986197565						200			0.7455711047			0.4673502027			0.278220902						275			0.591661303			0.4365373298			0.1551239732						0.7121910801			0.5254661592			0.1867249209


									350			0.5977859261			0.4548427837			0.1429431424						225			0.7619782699			0.4829928763			0.2789853936						300			0.5690792288			0.4233068095			0.1457724193						0.6850087179			0.5095403947			0.1754683232


																																							350			0.4885505372			0.3765403777			0.1120101595						0.5880751927			0.4532469792			0.1348282134


																																							375			0.4285704774			0.3457412685			0.0828292089						0.5158763462			0.4161736558			0.0997026904


																																							200			0.6394971254			0.4215837581			0.2179133672						0.7697717362			0.5074663334			0.2623054028


																											0.2950093697												50			0.1168922241			0.055236105			0.0616561191						0.1407048237			0.066488481			0.0742163427


																											0.1479983452												325			0.4846092018			0.4098486825			0.0747605193						0.5833309516			0.4933406569			0.0899902947


																																							100			0.3827076384			0.1571329073			0.2255747312						0.4606705982			0.1891431033			0.2715274949


																																							100			0.3639906264			0.1541468663			0.2098437601						0.438140666			0.1855487635			0.2525919025


																																							325			0.5019878823			0.3992365826			0.1027512996						0.604249915			0.4805667222			0.1236831929


												50			323			0.199			50			323			0.0915


												35			308			0.1474			75			348			0.1768


												150			423			0.4466			200			473			0.3578


												350			623			0.2801			275			548			0.3153


												75			348			0.2827			375			648			0.2876


												275			548			0.3258			175			448			0.3655


												175			448			0.4294			325			598			0.2918


												300			573			0.2933			100			373			0.2834


												100			373			0.3716			225			498			0.3384


												200			473			0.3775039479			150			423			0.3639


												250			523			0.3571


																																	0.1075			cm^3 H2/g cat


															50			323			0.0909


															100			373			0.3599												0.0000095922			mol H/g cat


															150			423			0.4235												0.0000095922			mol Pd/g cat


															200			473			0.3718												1020.8039618096			ppm Pd


															250			523			0.3138


															300			573			0.2751


															75			348			0.2169


															175			448			0.3939


															350			623			0.2426


															375			648			0.2217


															225			498			0.3315


															125			398			0.4158
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									41.259844908									27.6070077715									23.3475563177									36.8345447155									30.5667305363												Re			Ht			TD			NI			RT


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT									0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637						0.1212968546			61.7151159754


			~0.5 coverage						0.4									0.4									0.4									0.4									0.4									0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104						0.1637679856			63.0794271008


																																																						0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436						0.2001604265			61.8211870015


									0.0028735632			6.5546581506						0.0028735632			6.628765018						0.0028735632			6.0495112666						0.0028735632			5.1178901143						0.0026809651			5.5255577029						0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363						0.2547496338			65.4730037064


									0.0026809651			3.2453932899						0.0026809651			5.4553878121						0.0026809651			4.0600861651						0.0026809651			2.4102346291						0.0023640662			1.9642086735						0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673						0.309338841			63.031682289


									0.0025125628			0.4553528502						0.0023640662			1.9074170872						0.0025125628			1.1716812964						0.0025125628			0.3474103725						0.0022321429			2.1574484537						0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893						0.3639284122			60.6989840064


									0.0023640662			0.4334115897						0.0022321429			1.4782423995						0.0022321429			0.8284267618						0.0023640662			0.040350019						0.0021141649			1.8065422808						0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915						0.4185176194			54.2086897394


									0.0022321429			0.7874195071						0.0021141649			1.5426369941						0.0021141649			1.2153611033						0.0022321429			0.3016595018						0.0019120459			2.4828839935																											0.4731064627			51.1725514321


									0.0021141649			1.2277945283						0.0020080321			1.827525467						0.0020080321			1.438850212						0.0021141649			0.7082177496						0.0018248175			3.4225047214																											0.5276960339			39.9395768772


									0.0020080321			1.8085667285						0.0019120459			2.1920991011						0.0019120459			1.7666133768						0.0020080321			1.0587841253						0.0017452007			3.0306827424																											0.5822852411			29.9494355223


									0.0019120459			2.1408687987						0.0018248175			2.2320129789						0.0017452007			2.4571519225						0.0019120459			1.4033240809						0.0016051364			3.6748548101


									0.0018248175			2.6625056008						0.0017452007			2.6913686134						0.0016722408			2.5041024429						0.0018248175			2.0135839242


									0.0017452007			2.9279810541						0.0016722408			2.7966616567						0.0016051364			2.6153781873						0.0017452007			2.4936120191


									0.0016722408			3.5506260576						0.0016051364			3.3116622813						0.0015432099			2.634729528						0.0016051364			2.9594323454


									0.0016051364			3.7254093193						0.0015432099			3.4179891455


									0.0015432099			4.2434549843


									39.2511282216									19.1315742181									4.4192697887									18.5546857459									13.4695486637


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


			~0.25 coverage						0.2									0.2									0.2									0.2									0.2


									0.0028735632			0.4206661715						0.0028735632			3.180062062						0.0030959752			5.2417752338						0.0028735632			-0.6814180979						0.0026809651			-0.7570618773


									0.0026809651			-1.6089001085						0.0026809651			-0.5645316694						0.0028735632			2.350398822						0.0026809651			-1.7473463639						0.0023640662			-1.6579627106


									0.0025125628			-2.3956894157						0.0023640662			-1.6666776312						0.0026809651			-0.9753852997						0.0025125628			-2.2911237554						0.0022321429			-1.4641167084


									0.0023640662			-2.4271113439						0.0022321429			-1.6335099257						0.0025125628			-2.0603758088						0.0023640662			-2.7019494374						0.0021141649			-1.5447109206


									0.0022321429			-2.4197602294						0.0021141649			-1.5837780597						0.0022321429			-2.1768762561						0.0022321429			-2.7006433004						0.0019120459			-1.3228927485


									0.0021141649			-2.0092215861						0.0020080321			-1.498179243						0.0021141649			-1.9777575969						0.0021141649			-2.4296303606						0.0018248175			-0.8326549414


									0.0020080321			-1.7404605467						0.0019120459			-1.4195849716						0.0020080321			-1.9345681382						0.0020080321			-2.3181603243						0.0017452007			-1.1369597892


									0.0019120459			-1.5759408132						0.0018248175			-1.4864687781						0.0019120459			-1.8760417234						0.0019120459			-2.0988112687						0.0016051364			-0.691440583


									0.0018248175			-1.1525874568						0.0017452007			-1.2324548007						0.0017452007			-1.6853587821						0.0018248175			-1.9500238309


									0.0017452007			-1.0892239091						0.0016722408			-1.2301500401						0.0016722408			-1.8187608455						0.0017452007			-1.4122335597


									0.0016722408			-0.5372470091						0.0016051364			-0.9078930086						0.0016051364			-1.8017332718						0.0016051364			-1.390512795


									0.0016051364			-0.5230119688						0.0015432099			-0.8386422124						0.0015432099			-1.7614428781


									0.0015432099			-0.0354248769


									40.0811716181									25.9658968703									14.5536694899									30.3561815311									31.0243893436


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


			~0.4 coverage						0.3									0.3									0.3									0.3									0.3


									0.0028735632			5.1322543236						0.0028735632			5.7013269753						0.0030959752			6.2211680717						0.0028735632			2.141637606						0.0026809651			2.0803334949


									0.0026809651			-0.2967243979						0.0026809651			2.2320123222						0.0028735632			4.9965624219						0.0026809651			-0.367473266						0.0023640662			-0.1434157294


									0.0025125628			-1.0256781785						0.0023640662			-0.1803832155						0.0026809651			0.5253415959						0.0025125628			-0.9339936905						0.0022321429			0.3276858073


									0.0023640662			-0.8602307345						0.0022321429			-0.1325250311						0.0025125628			-0.6295611234						0.0023640662			-1.1980881188						0.0021141649			0.0836108447


									0.0022321429			-0.6169571809						0.0021141649			-0.0196157716						0.0022321429			-0.5879593433						0.0022321429			-1.0586834776						0.0019120459			0.8059046247


									0.0021141649			-0.2206482357						0.0020080321			0.1566113343						0.0021141649			-0.2391116001						0.0021141649			-0.6658870329						0.0018248175			1.7350544921


									0.0020080321			0.1921898835						0.0019120459			0.4519178194						0.0020080321			-0.1035988147						0.0020080321			-0.4424698013						0.0017452007			1.232112219


									0.0019120459			0.4527167293						0.0018248175			0.424328072						0.0019120459			0.0857731287						0.0019120459			-0.1668643221						0.0016051364			2.0280837907


									0.0018248175			1.1013562073						0.0017452007			0.9188569453						0.0017452007			0.5548182932						0.0018248175			0.2366618776


									0.0017452007			1.2851961817						0.0016722408			0.9286574251						0.0016722408			0.4620926168						0.0017452007			0.8176313334


									0.0016722408			2.0776853551						0.0016051364			1.4992019813						0.0016051364			0.6150071637						0.0016051364			1.1616013933


									0.0016051364			2.1666449293						0.0015432099			1.5662464168						0.0015432099			0.5769601183


									0.0015432099			2.6908879323


									38.0187085185									23.2339129274									8.9320162653									24.0489862286									21.2324894104


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


									0.25									0.25									0.25									0.25									0.25


									0.0028735632			3.5333443446						0.0028735632			4.8878947056						0.0030959752			5.8073132801						0.0028735632			0.127045619						0.0026809651			0.0259107917


									0.0026809651			-0.9982904153						0.0026809651			0.1663075849						0.0028735632			3.9413779695						0.0026809651			-1.0567818473						0.0023640662			-0.8816810754


									0.0025125628			-1.6754800436						0.0023640662			-0.8782465683						0.0026809651			-0.2308735587						0.0025125628			-1.5721043184						0.0022321429			-0.517829844


									0.0023640662			-1.6214813718						0.0022321429			-0.8435588103						0.0025125628			-1.3513512724						0.0023640662			-1.9000523952						0.0021141649			-0.6607868442


									0.0022321429			-1.4303056689						0.0021141649			-0.7209260259						0.0022321429			-1.339107002						0.0022321429			-1.7841068859						0.0019120459			-0.2825098038


									0.0021141649			-1.0215747361						0.0020080321			-0.6222435271						0.0021141649			-1.0126504242						0.0021141649			-1.447931533						0.0018248175			0.4594319303


									0.0020080321			-0.6656464627						0.0019120459			-0.4213813371						0.0020080321			-0.9303036001						0.0020080321			-1.2620175989						0.0017452007			0.0604011533


									0.0019120459			-0.4414698357						0.0018248175			-0.4675461756						0.0019120459			-0.8224955882						0.0019120459			-1.0256847531						0.0016051364			0.6614180035


									0.0018248175			0.057707979						0.0017452007			-0.0884771672						0.0017452007			-0.5148748648						0.0018248175			-0.7603620415
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									0.0020080321			2.4419560667						0.0019120459			2.8188421995						0.0020080321			2.1917899677						0.0021141649			1.6039215801						0.0018248175			3.9956177472
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									0.0019120459			3.6963458069						0.0017452007			4.3194479172						0.0017452007			4.0955647662						0.0020080321			3.0907375104						0.0016051364			5.3005212374
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									0.0017452007			5.2439426751						0.0016722408			5.2319045288						0.0016722408			5.1502694576						0.0017452007			5.0499097781


									0.0016722408			5.9248515698						0.0016051364			5.625991278						0.0016051364			4.8997801384						0.0016051364			5.4285246337


									0.0016051364			5.8993583726						0.0015432099			5.7962717928						0.0015432099			5.0208778435


									0.0015432099			6.3494286292


															Re@Pd HT																														Re


												Re@Pd TD																																	Re@Pd NI








			





Re


Re@Pd HT


Re@Pd TD


Re@Pd NI





			





Re


Re@Pd HT


Re@Pd TD


Re@Pd NI





			





0.2


0.25


0.3


0.4


0.45


0.55


0.65


0.4


0.2


0.3


0.25


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)





			





Re


Re@Pd HT


Re@Pd TD


Re@Pd NI





			





0.2


0.25


0.3


0.4


0.45


0.55


0.65


0.4


0.2


0.3


0.25


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)





			





0.4


0.2


0.3


0.25


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)





			





0.4


0.2


0.3


0.25


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)





			





Pd


Re


Re@Pd TD


Re@Pd NI


Re@Pd HT


Re


Re@Pd HT


Re@Pd TD


Re@Pd NI


Pd


Volume H2 Adsorbed, cm3/g (STP)


Heat of Adsorption, kJ/mol





			





0.4


0.2


0.3


0.25


0.45


0.55


0.65





			





Pd


Re


Re@Pd TD


Volume Hydrogen Adsorbed, cm3/g (STP)


Heat of Adsorption, kJ/mol







image19.emf

-10


-5


0


5


10


15


20


0 0.1 0.2 0.3 0.4 0.5


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


10wt% Re/C


10wt% Re@Pd/C




image20.emf

0.1


1


10


0.00330.00330.00340.00340.00350.00350.00360.00360.0037


1/T


TOF


0.1wt% Pd/C


10wt% Re@Pd/C




oleObject7.bin

Chart1


			0.05			0.05


			0.1			0.1


			0.15			0.15


			0.2			0.2


						0.25


						0.3


						0.4





10wt% Re/C


10wt% Re@Pd/C


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


-6.4232156281


-5.5260160645


-2.0738620281


-5.9653572012


-7.1871048547


-7.3193951915


-5.687920969


-8.1351085422


-7.4186999967


-7.0884153899


-4.9694972343





Requested Graphs


			








Requested Graphs


			0.0184			0.002			0.0009519372			0.0078474935			0.0760008916			0.1743681133


			0.0722			0.0202			0.0017442207			0.0307411663			0.2275821418			0.3861851096


			0.1452			0.0655			0.0028162503			0.0692862645			0.4236488938			0.6023265123


			0.2336			0.1336			0.0048613977			0.1251884401			0.6397349238			0.821181953


			0.3358			0.2187			0.0121139335			0.5485073924			0.8651925325			2.0148301125


			0.4464			0.3159			0.0285244733			1.1039023399			2.0285592079			7.8916640282


			0.5643			0.4267			0.0518746302			2.4844863415			8.4910449982			26.5288238525


			0.6948			0.5476			0.08173839			9.2215576172			25.9262046814			98.8209457397


			0.8164			0.6757			0.1220604777			21.0977210999			98.0728225708			198.6514434814


			2.0953			0.8151			0.5925469398			40.9659805298			199.1443328857			299.1932678223


			8.9954			2.0228			1.0703320503			98.8652191162			299.602355957			399.6630554199


			25.8656			8.5578			2.5200736523			198.0757293701			398.6852416992			498.8755493164


			98.0337			26.0217			10.0667552948			299.0738525391			499.0498046875			599.0376586914


			198.6478			99.2979			21.6323509216			398.8145446777			598.4840087891			698.9371948242


			298.9138			199.5689			41.1843605042			498.7747497559			698.5289306641			798.6761474609


			398.5421			300.1126			98.9887161255			598.4255981445			798.100402832			898.4046630859


			498.4951			399.8376			203.1175842285						898.1021728516


			598.2905			499.5833			299.7738647461


			698.3331			599.3962			399.7177734375


			798.1718			699.0668			499.0104980469


			899.8224			799.1095			598.9173583984


						898.98





10wt% Re@Pd/Al2O3


2wt% Re/Al2O3


2wt% Re@Pd/Al2O3


10wt% Re/Al2O3


10wt% Re@Pd/C


10wt% Re/C


Re


Re@Pd HT


10wt% Re@Pd 308K


10wt% Re 308K Batch 1


10wt% Re@Pd/C 323K


10wt%Re/C 323K


Pressure, Torr


Volume H2 Adsorbed, cm3/g


0.0104


0.0117


0.0138631189


0.013605733


0.0171697012


0.005244183


0.019


0.0225


0.0277360798


0.0262359509


0.0250076068


0.0056921254


0.0266


0.0319


0.0416092532


0.0378629657


0.0273460254


0.0054710978


0.0334


0.0402


0.0554003923


0.0483979631


0.0271870363


0.0049075673


0.0396


0.0474


0.068887794


0.0849597384


0.0257216547


0.0067105328


0.0454


0.0541


0.0818284031


0.1062230094


0.0297537557


0.0158720336


0.0508


0.06


0.0943222797


0.1354356153


0.0455034498


0.0322397421


0.0556


0.0655


0.1063642384


0.1434377184


0.068150353


0.0722686865


0.0608


0.0704


0.1177639409


0.1519773672


0.1126470097


0.1185639284


0.0909


0.0749


0.1699224038


0.1644156935


0.1545375546


0.1652145402


0.0982


0.1003


0.1962877308


0.1859420902


0.1906528897


0.2093548448


0.1098


0.1112


0.2375055892


0.2151869678


0.22837237


0.2554654521


0.1351


0.1274


0.2583379982


0.2450354941


0.2668674863


0.3003393955


0.1645


0.16


0.2764317405


0.2754018818


0.3028849752


0.3440821871


0.1889


0.1929


0.298244026


0.3036644453


0.3399313078


0.3849738678


0.2095


0.2214


0.3354170956


0.3325517542


0.3806404753


0.4345649885


0.2284


0.2472


0.4095733558


0.4271019758


0.2464


0.2715


0.4455828907


0.2602


0.2928


0.4773686012


0.2747


0.3146


0.5068960705


0.2977


0.3322


0.5360268113


0.3492





Isotherms
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0.1859420902
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0.2151869678
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0.2554654521


0.2583379982
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0.3036644453


0.3399313078


0.3849738678


0.3354170956


0.3325517542


0.3806404753


0.4345649885


0.4095733558


0.4271019758


0.4455828907


0.4773686012


0.5068960705


0.5360268113
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Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol
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-2.0738620281


-5.9653572012
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Adsorption


			0.05			0.05


			0.1			0.1


			0.15			0.15


			0.2			0.2


						0.25


						0.3


						0.4
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10wt% Re@Pd/C


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


-6.4232156281


-5.5260160645


-2.0738620281


-5.9653572012


-7.1871048547
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10wt% Re@Pd C


			


						Re 323K									Pd/Re (Jan-08) 323K									Pd/Re (Feb-08) 323K									Pd/Re (No Inhibitors) 323K									0.1wt%Pd 308K									Pd/Re TD 323K									10wt% Pd/Re 308K									10wt% Re 308K Batch 2									10wt% Re 308K Batch 1									10wt% Re@Pd/C 323K									10wt%Re/C 323K									5wt%Ni/Al2O3 323K									5wt%Ni/Al2O3 308K									5wt%Co/Al2O3 323K


																																																																																																									Hydrogen									Carbon Monoxide									Hydrogen


						0.0184			0.0104						0.0164			0.0078						0.002			0.0117						0.0014			0.0109						0.0024			0.0271						0.0379			0.0177						0.0009519372			0.0138631189						0.0214675628			0.0127517268						0.0078474935			0.013605733						0.0760008916			0.0171697012						0.1743681133			0.005244183						0.0011310771			0.0137533929						202.5072021484			2.5927786319						0.0027644965			0.0138084241


						0.0722			0.019						0.07			0.0143						0.0202			0.0225						0.0023			0.0217						0.0078			0.0539						0.15			0.0281						0.0017442207			0.0277360798						0.0722347945			0.0236206504						0.0307411663			0.0262359509						0.2275821418			0.0250076068						0.3861851096			0.0056921254						0.0016272276			0.027550085						262.8502502441			2.7274404896						0.0070780925			0.0275287553


						0.1452			0.0266						0.1428			0.0201						0.0655			0.0319						0.0041			0.0325						0.1379			0.0647						0.2843			0.0361						0.0028162503			0.0416092532						0.151984185			0.0326441041						0.0692862645			0.0378629657						0.4236488938			0.0273460254						0.6023265123			0.0054710978						0.0019063752			0.0413466163						311.0043945313			2.8777605552						0.0106255785			0.0413119963


						0.2336			0.0334						0.2297			0.0254						0.1336			0.0402						0.01			0.0432						0.3209			0.0676						0.436			0.0425						0.0048613977			0.0554003923						0.514246285			0.0542999482						0.1251884401			0.0483979631						0.6397349238			0.0271870363						0.821181953			0.0049075673						0.0020700265			0.0551758455						361.3799438477			3.0245607246						0.0138694402			0.0551048874


						0.3358			0.0396						0.3288			0.0302						0.2187			0.0474						0.0238			0.0535						0.5626			0.0697						0.5936			0.0482						0.0121139335			0.068887794						0.9988710284			0.0690974569						0.5485073924			0.0849597384						0.8651925325			0.0257216547						2.0148301125			0.0067105328						0.0021561491			0.0689894848						411.6444702148			3.146190954						0.0183529798			0.0688251963


						0.4464			0.0454						0.4391			0.0347						0.3159			0.0541						0.0443			0.0634						0.8188			0.0712						0.7589			0.0532						0.0285244733			0.0818284031						2.6398625374			0.0926068859						1.1039023399			0.1062230094						2.0285592079			0.0297537557						7.8916640282			0.0158720336						0.0022172942			0.0828010215															0.0238278266			0.0824865093


						0.5643			0.0508						0.5593			0.0387						0.4267			0.06						0.0697			0.0731						1.0727			0.0723						0.9235			0.0581						0.0518746302			0.0943222797						8.6927175522			0.0977536125						2.4844863415			0.1354356153						8.4910449982			0.0455034498						26.5288238525			0.0322397421						0.0022569573			0.0966527457															0.0302759856			0.0960915948


						0.6948			0.0556						0.6833			0.0427						0.5476			0.0655						0.1051			0.0823						2.4736			0.0753						2.0745			0.0802						0.08173839			0.1063642384						20.7054252625			0.1057990455						9.2215576172			0.1434377184						25.9262046814			0.068150353						98.8209457397			0.0722686865						0.0022865301			0.1104934707															0.0388043709			0.1095341893


						0.8164			0.0608						0.813			0.0464						0.6757			0.0704						0.141			0.0915						8.9999			0.0838						8.1118			0.0937						0.1220604777			0.1177639409						40.5697860718			0.1163700711						21.0977210999			0.1519773672						98.0728225708			0.1126470097						198.6514434814			0.1185639284						0.002308212			0.1243105553															0.0500354953			0.1228128838


						2.0953			0.0909						2.0497			0.0699						0.8151			0.0749						0.1879			0.1002						25.7227			0.0893						26.338			0.1199						0.5925469398			0.1699224038						98.8097000122			0.1352874611						40.9659805298			0.1644156935						199.1443328857			0.1545375546						299.1932678223			0.1652145402						0.0023417803			0.1381588467															0.0659381002			0.1358247759


						8.9954			0.0982						8.5213			0.0756						2.0228			0.1003						0.2417			0.1085						41.4616			0.0834						100.4387			0.1617						1.0703320503			0.1962877308						198.3645629883			0.1640165431						98.8652191162			0.1859420902						299.602355957			0.1906528897						399.6630554199			0.2093548448						0.0023677573			0.1520014461															0.0902706534			0.1483017212


						25.8656			0.1098						25.812			0.0861						8.5578			0.1112						0.3004			0.1166						101.8785			0.0964						200.2468			0.2035						2.5200736523			0.2375055892						299.1149291992			0.1907235098						198.0757293701			0.2151869678						398.6852416992			0.22837237						498.8755493164			0.2554654521						0.0024099189			0.1658432084															0.1316338181			0.1597111167


						98.0337			0.1351						98.3333			0.1098						26.0217			0.1274						0.3664			0.1243						201.2556			0.0906						300.5152			0.2386						10.0667552948			0.2583379982						398.9874572754			0.2168732613						299.0738525391			0.2450354941						499.0498046875			0.2668674863						599.0376586914			0.3003393955						0.0024702647			0.1796687819															0.6115974188			0.1917145668


						198.6478			0.1645						198.715			0.1358						99.2979			0.16						0.4433			0.1314						302.2516			0.1054						400.2894			0.2707						21.6323509216			0.2764317405						498.5186462402			0.2422720723						398.8145446777			0.2754018818						598.4840087891			0.3028849752						698.9371948242			0.3440821871						0.0025583855			0.1935098953															2.0692591667			0.2065657729


						298.9138			0.1889						299.1197			0.1599						199.5689			0.1929						0.5188			0.1387						398.2781			0.1101						500.6778			0.2992						41.1843605042			0.298244026						598.6522216797			0.2658511515						498.7747497559			0.3036644453						698.5289306641			0.3399313078						798.6761474609			0.3849738678						0.0027136449			0.2073367824															4.985127449			0.2174048922


						398.5421			0.2095						398.7206			0.1831						300.1126			0.2214						0.6056			0.1454						500.1937			0.1257						599.9502			0.327						98.9887161255			0.3354170956															598.4255981445			0.3325517542						798.100402832			0.3806404753						898.4046630859			0.4345649885						0.0030053798			0.221132797															17.1167488098			0.2285416022


						498.4951			0.2284						498.8746			0.2048						399.8376			0.2472						0.7124			0.1511						600.6			0.1384						699.788			0.3488						203.1175842285			0.4095733558																								898.1021728516			0.4271019758															0.0035413951			0.2349183641															52.4227180481			0.2427229083


						598.2905			0.2464						598.7304			0.2253						499.5833			0.2715						0.795			0.158															799.6314			0.368						299.7738647461			0.4455828907																																										0.0045833508			0.2486950449															126.1286468506			0.2590872504


						698.3331			0.2602						698.5571			0.2423						599.3962			0.2928						0.907			0.1633															899.6141			0.3878						399.7177734375			0.4773686012																																										0.0066380911			0.2624001678															249.1528015137			0.2790163476


						798.1718			0.2747						798.3776			0.2592						699.0668			0.3146						2.0205			0.199																								499.0104980469			0.5068960705																																										0.0104249613			0.2760086656															399.0136108398			0.2999294506


						899.8224			0.2977						898.2482			0.2754						799.1095			0.3322						8.8034			0.215																								598.9173583984			0.5360268113																																										0.01699741			0.2894237667															598.6351318359			0.3201254207


																								898.98			0.3492						26.2283			0.238																																																																					0.0281873792			0.3025667026


																																	99.9854			0.2817																																																																					0.0465837233			0.315250191


																																	199.9287			0.3217																																																																					0.0736035556			0.3273873338


																																	300.5921			0.357																																																																					0.1112279892			0.3388658599


																																	400.4417			0.3878																																																																					0.5468017459			0.3844842956


																																	500.4484			0.4142																																																																					2.073035717			0.42038617


																																	599.8293			0.4392																																																																					5.0641827583			0.4461046142


																																	699.5599			0.4598																																																																					16.153263092			0.4749473686


																																	799.5336			0.4783																																																																					51.1276359558			0.513261265


																																	899.3312			0.494																																																																					124.4798431396			0.5525887327


																																																																																																									248.4062805176			0.5927782712


																																																																																																									398.7379760742			0.6276069864


																																																																																																									600.4176025391			0.667766836
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





5wt%Ni Al2O3


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0						0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


						0





10wt% Re@Pd/Al2O3


2wt% Re/Al2O3


2wt% Re@Pd/Al2O3


10wt% Re/Al2O3


10wt% Re@Pd/C


10wt% Re/C


Re


Re@Pd HT


10wt% Re@Pd 308K


10wt% Re 308K Batch 1


10wt% Re@Pd/C 323K


10wt%Re/C 323K


Pressure, Torr


Volume H2 Adsorbed, cm3/g


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





5wt%Co Al2O3


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0


			0			0						0


			0			0						0


			0			0						0


			0			0						0


						0





10wt% Re@Pd


10wt% Re


2wt% Re@Pd


2wt% Re


0.1wt% Pd


Re


Re@Pd HT


0.1wt% Pd 308K


10wt% Re@Pd 308K


10wt% Re 308K Batch 1


Pressure, Torr


Volume H2 Adsorbed, cm3/g


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0						0			0


			0						0			0


			0						0			0


			0						0			0


									0


									0


									0


									0


									0


									0


									0


									0


									0


									0


									0


									0


									0





Re


0.1wt% Pd 308K


5wt% Ni 308K


5wt%Co/Al2O3 323K


Pressure, Torr


Volume H2 Adsorbed, cm3/g


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0
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0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			373															Temp/C			Total			Reverse			Irrev																																	0.05			0.0481493208			-2.85


			0.001784984			0.0139383462			0.1035853997			0.0584756024						100			0.5679729697			0.2302555957			0.337717374						0.0931734418			0.0377724073			0.0554010345						0.5946011378															0.1			0.0962986416			-1.03


			0.0038465175			0.0278757773			0.5677603483			0.0967762126						125			0.6909179794			0.2761050691			0.4148129103						0.1133420243			0.0452938097			0.0680482147						0.6003793831															0.15			0.1444479624			6.42


			0.0080005545			0.0416724743			1.0367583036			0.1123870007						150			0.8674460761			0.4683892934			0.3990567827						0.1423006742			0.0768371822			0.0654634919						0.4600364146															0.2			0.1925972832			12.63


			0.0145784002			0.055313245			2.5250608921			0.1322443942						200			0.9922098501			0.5879388976			0.4042709525						0.1627676169			0.0964487636			0.0663188533						0.4074450102															0.25			0.240746604			17.07


			0.0229002647			0.0688365811			8.5750207901			0.1577350394						250			1.0384362473			0.6738624299			0.3645738174						0.1703508519			0.1105441372			0.0598067147						0.3510796337															0.3			0.2888959248			20.97


			0.0314810909			0.0823718301			21.0077285767			0.1792059527						300			0.9646149506			0.6598487931			0.3047661575						0.1582407963			0.1082452624			0.0499955339						0.3159459195															0.35			0.3370452456			23.46


			0.0404028222			0.09584966			41.3880844116			0.1943645652																																																0.4			0.3851945664			24.44


			0.0512561873			0.1092295332			99.9273910522			0.2142540964																																																0.45			0.4333438872			25.29


			0.0627007335			0.1225812048			199.2559204102			0.227273919																																																0.5			0.481493208			25.45


			0.0765262097			0.1357583383			299.8773803711			0.2334843506																																																0.55			0.5296425288			26


			0.0856403559			0.1492420101			399.1072387695			0.2354634396									T =			323			K																		T			1/T			Ln (P)			P						0.6			0.5777918496			25.82


			0.1036111936			0.1621547311			499.2947692871			0.2382704116									Row#			Qads (X)			P (M)			ln(P)						Q			0.7						323			0.0030959752			5.9002105876			365.1143483168						0.65			0.6259411704			18.74


			0.5175619721			0.2991719079			599.0720214844			0.2383016582									21			0.6694203947			299.2321166992			5.7012195822						Qmax			1.0384362473						398			0.0025125628			4.7204266193			112.2161160231						0.7			0.6740904912			8.81


			1.0470352173			0.3386380575															22			0.7138955781			399.6676940918			5.9906334371						coverage			0.6740904912						423			0.0023640662			2.7190678139			15.1661779525


			2.4827902317			0.4234117735																																							473			0.0021141649			2.5285474576			12.5352848741


			10.2644929886			0.4523319132															T =			398			K																		523			0.0019120459			2.8270755088			16.8959763676


			21.1646060944			0.4781718651															Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			3.4053104766			30.1236469593


			40.7810935974			0.5092342646															23			0.689576233			99.2437057495			4.5975784994


			99.2975006104			0.5590234272															24			0.748360406			198.4173583984			5.290372683


			198.6486358643			0.6166853137


			299.2321166992			0.6694203947															T =			423			K


			399.6676940918			0.7138955781															Row#			Qads (X)			P (M)			ln(P)															8.8161806415


			499.3359375			0.752941431															26			0.6684304069			8.4937667847			2.139332575						Slopes			extrapolate ln(p)


			599.5513916016			0.787289037			0.5679729697			0.2302555957									27			0.7176922676			20.9882698059			3.043963701						0.1536733044			5.9002105876


																																				0.0848508466			4.7204266193


			398																		T =			473			K									0.0544551909			2.7190678139


			0.0021622428			0.0138177738			0.1007125229			0.0584013361									Row#			Qads (X)			P (M)			ln(P)						0.0968224631			2.5285474576


			0.0044104061			0.0276112695			0.8416121602			0.1239488381									24			0.6617584137			8.445057869			2.1335814027						0.1132012179			2.8270755088


			0.0082137622			0.0413115711			0.9850770235			0.1307395706									25			0.7450958329			19.9714832306			2.9943054176						0.1403630479			3.4053104766


			0.0131474957			0.0549583612			2.6072275639			0.1634980078


			0.018530421			0.0685685844			9.1783533096			0.1938978544									T =			523			K


			0.0239525121			0.082177311			20.7483329773			0.2171074623									Row#			Qads (X)			P (M)			ln(P)


			0.0299500786			0.0957359102			40.6144981384			0.2350644549									21			0.6229672734			8.555562973			2.1465817115


			0.0358379558			0.1092973439			99.9515609741			0.2610062711									22			0.7174056679			19.704246521			2.980834172


			0.0439532027			0.1227432534			199.5914306641			0.2787429781


			0.050290864			0.1362766896			299.671295166			0.2888560833									T =			573			K


			0.0603066012			0.149590917			400.1509399414			0.2936172475									Row#			Qads (X)			P (M)			ln(P)


			0.0689917281			0.1629863014			499.7700805664			0.2992784086									20			0.6461832315			20.5302467346			3.0218992492


			0.0792992115			0.1762859595			599.5121459961			0.3025422176									21			0.7386127498			39.6623535156			3.6804024636


			0.0894158259			0.1895633107


			0.0998222083			0.2028516831


			0.116129443			0.2157650913


			0.5382248759			0.3766271214															0.05									0.1									0.15									0.2									0.25									0.3									0.35


			1.0327328444			0.4542313633															1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


			2.5908720493			0.5463765756															0.0030959752			-4.4619332748						0.0030959752			-3.1350493951						0.0030959752			-2.4464167751						0.0030959752			-1.8228334521						0.0030959752			-1.2358691247						0.0030959752			-0.6438420918						0.0030959752			0.1616839728


			9.1598033905			0.5761122737															0.0025125628			-4.5024442801						0.0025125628			-3.4517912385						0.0025125628			-2.8042048231						0.0025125628			-2.3279905364						0.0025125628			-1.8266728438						0.0025125628			-1.3500000705						0.0025125628			-0.8733272971


			21.0316810608			0.6052904953															0.0023640662			-5.0984205124						0.0023640662			-4.1455219638						0.0023640662			-3.5959925774						0.0023640662			-3.1268473162						0.0023640662			-2.6864765852						0.0023640662			-2.2096053134						0.0023640662			-1.7336267592


			41.206325531			0.6384988854															0.0021141649			-5.1879389771						0.0021141649			-4.3817664732						0.0021141649			-3.7358530174						0.0021141649			-3.1248949774						0.0021141649			-2.5458480419						0.0021141649			-1.9586463295						0.0021141649			-1.3678217528


			99.2437057495			0.689576233															0.0019120459			-5.5330361797						0.0019120459			-4.5262161827						0.0019120459			-3.5072038961						0.0019120459			-2.6274512446						0.0019120459			-1.9484622175						0.0019120459			-1.2819319014						0.0019120459			-0.6324355736


			198.4173583984			0.748360406															0.0017452007			-5.1937205937						0.0017452007			-4.1423752277						0.0017452007			-3.1002451394						0.0017452007			-2.2120700776						0.0017452007			-1.4389628339						0.0017452007			-0.6644842669						0.0017452007			-0.0085466328


			299.9512329102			0.8006364252


			399.4928588867			0.8460584135


			499.4318237305			0.8866336546															0.4									0.45									0.5									0.55									0.6									0.65									0.7


			599.2882080078			0.9239186397			0.6909179794			0.2761050691									1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


																					0.0030959752			0.6709340649						0.0030959752			2.21424784						0.0030959752			3.5132353735						0.0030959752			4.4368410405						0.0030959752			5.0908871606						0.0030959752			5.5503487513						0.0030959752			5.9002105876


			423																		0.0025125628			-0.4232033456						0.0025125628			-0.0033246503						0.0025125628			0.4890673285						0.0025125628			1.105875881						0.0025125628			2.8953186378						0.0025125628			3.9165137028						0.0025125628			4.7204266193


			0.0016018494			0.0139115365			0.1125851646			0.084548931									0.0023640662			-1.2603202359						0.0023640662			-0.7870137125						0.0023640662			-0.2709181701						0.0023640662			0.2296515603						0.0023640662			0.6922240288						0.0023640662			1.6109001102						0.0023640662			2.7190678139


			0.0030202647			0.0278331444			0.6798114181			0.1749988055									0.0021141649			-0.7769971761						0.0021141649			-0.2648037911						0.0021141649			0.2080375321						0.0021141649			0.6523863831						0.0021141649			1.2127315069						0.0021141649			1.9582573715						0.0021141649			2.5285474576


			0.0049110539			0.0417318786			1.079668045			0.2015680337									0.0019120459			-0.1417447265						0.0019120459			0.311107373						0.0019120459			0.740014665						0.0019120459			1.2692320815						0.0019120459			1.8704260067						0.0019120459			2.3853841477						0.0019120459			2.8270755088


			0.0070840851			0.0556367662			2.5597405434			0.2491490974									0.0017452007			0.577726973						0.0017452007			1.1460671787						0.0017452007			1.7015893582						0.0017452007			2.2231882274						0.0017452007			2.6383910695						0.0017452007			3.0490913666						0.0017452007			3.4053104766


			0.0096349744			0.069492816			9.2763814926			0.2942632123


			0.0124029685			0.0833456469			21.2242050171			0.3340102551


			0.015311636			0.0971857284			40.5319290161			0.3631866277


			0.0180661418			0.1110331892			100.0143051147			0.4020940694


			0.0215743668			0.1248455646			199.0735168457			0.4290183051


			0.0248785764			0.1386729518			299.7922973633			0.4404647154																																																												Vol H2			Slopes


			0.0280355178			0.1525155017			399.8635864258			0.4498449544																																																												0.2			-2473.571956663


			0.0333283208			0.1662235104			499.9760131836			0.448675135																																																												0.25			-2998.435628096


			0.0372034162			0.1800151953			599.852355957			0.4411016394																																																												0.3			-3502.0041639989


			0.0412267745			0.1938108703																																																																		0.4			-2939.635572861


			0.047263708			0.2074921008																																																																		0.45			-3041.7614749164


			0.0544275157			0.2211156965																																																																		0.55			-2276.2437505035


			0.0632816032			0.2346089862																																																																		0.65			-1700.8299070425


			0.0671864823			0.248429786


			0.0756601915			0.2619385304																																																																					deltaH


			0.0856474489			0.2753735408																																																																					20.5664447737


			0.0969749838			0.2886934237																																																																					24.9304090736


			0.1119419485			0.3018126122																																																																					29.1173155655


			0.5087800026			0.4617549766																																																																					24.4415176608


			1.0311706066			0.5284945165																																																																					25.2906406139


			2.5536353588			0.62651411																																																																					18.9257649287


			8.4937667847			0.6684304069																																																																					14.1415026389


			20.9882698059			0.7176922676


			40.806892395			0.7681920779


			99.8552246094			0.8406504972


			198.5357666016			0.9204667212


			299.5176391602			0.9893412097												MPL Data


			399.9000854492			1.0496669609												Pd									Re


			499.6778869629			1.1014991668												Vol H2			delH						Vol H2			delH


			599.0797119141			1.1413937034			0.8674460761			0.4683892934						0.1212968546			61.7151159754						0.2			39.2511282216


																		0.1637679856			63.0794271008						0.25			38.0187085185


			473															0.2001604265			61.8211870015						0.3			40.0811716181


			0.001962824			0.0137808041			0.1049363837			0.109668477						0.2547496338			65.4730037064						0.4			41.259844908


			0.003324891			0.0275865768			0.6655321717			0.2168920604						0.309338841			63.031682289						0.45			40.4655108575


			0.0047042412			0.0414106315			0.9859454036			0.2360787579						0.3639284122			60.6989840064						0.55			39.1524490197


			0.0061958912			0.0552167293			2.5017056465			0.3027375477						0.4185176194			54.2086897394						0.65			37.3465176277


			0.007653872			0.0690405561			8.699473381			0.3751538056						0.4731064627			51.1725514321


			0.0096250856			0.0828159634			20.6819839478			0.4224458151						0.5276960339			39.9395768772


			0.0119594727			0.0965735565			40.7878494263			0.4703910219						0.5822852411			29.9494355223


			0.0142965559			0.1103282175			99.8864974976			0.5209618358


			0.017185444			0.1240760337			199.5493164063			0.5474080354						2%OL HT


			0.0205283128			0.137757087			300.2171630859			0.552166123						Vol H2			delH


			0.0242722221			0.1514217304			400.5601501465			0.5416204828						0.2			19.1315742181


			0.0285973046			0.1650738857			500.0956115723			0.5313184631						0.25			23.2339129274


			0.0335503221			0.1786666504			599.3817138672			0.5188133823						0.3			25.9658968703


			0.0400784127			0.1921514263												0.4			27.6070077715


			0.0469409972			0.2056317804												0.45			27.5176188575


			0.0536512211			0.2191312025												0.55			25.4746706578


			0.0630870759			0.2324496589												0.65			24.111298589


			0.074394241			0.2456535441


			0.0871700794			0.2587670921


			0.1011152416			0.2718319033															Re			Ht			TD			NI			RT			10wt%Re (Batch 2)


			0.5189259648			0.4102401902												0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637			32.7851146538


			1.0301525593			0.4799334887												0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104			39.8177433933


			2.5233750343			0.580742841												0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436			45.8571533346


			8.445057869			0.6617584137												0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363			50.6717428886


			19.9714832306			0.7450958329												0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673			53.4293591915


			40.5150871277			0.8281923319												0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893			57.9843362761


			99.6645736694			0.9348694517												0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915			51.9970019406


			198.7933654785			1.0251316053


			300.3410949707			1.0868540504


			399.5645446777			1.1401936742


			500.1524353027			1.1820465759																					Freundlich n						max Hads						TOF @ 273K


			599.5897216797			1.2149647342			0.9922098501			0.5879388976									Re						0.4638						41.259844908


																					Re@Pd RT						0.4611						31.0243893436


			523																		Pd						0.0606						65.4730037064						0.1477651898


			0.0014540832			0.0139287917			0.1039982438			0.1103616629									Re@Pd HT						0.3138						27.6070077715						0.0421511466


			0.0024487823			0.0278990264			0.6578695774			0.2195254918									Re@Pd TD						0.3792						23.3475563177						0.0301748641


			0.0033834365			0.0418436403			1.0549328327			0.2488744875									Re@Pd NI						0.3013						36.8345447155						0.0522252912


			0.0044167018			0.0557929426			2.4651627541			0.3098727869									10%Re@Pd												29.1173155655						0.02576156


			0.0058042454			0.0697488269			8.5299663544			0.4041373601									10% Re@Pd/C												-4.9694972343						0.6218554937


			0.0077230064			0.0836803584			20.8809528351			0.4792440674									10%Re												57.9843362761


			0.0102385301			0.0975357373			41.2723617554			0.5383590544									39ppmPd/Re						0.444


			0.0139573645			0.1113229469			100.4306259155			0.5733649911


			0.018147571			0.125088427			199.9879608154			0.5993868754


			0.02373771			0.1387570028			300.5598754883			0.6049994624


			0.0314385332			0.15228643			400.6751098633			0.5879918151


			0.0397391133			0.1658024026			500.5284118652			0.5702167909


			0.051130306			0.1791245202			599.87890625			0.5458476623


			0.0657369718			0.1922562411


			0.0773350894			0.2055510529


			0.095125176			0.2184758146


			0.1113595739			0.2315065658


			0.5066322088			0.3451563809


			1.0496189594			0.419377978


			2.507283926			0.5208885935


			8.555562973			0.6229672734


			19.704246521			0.7174056679


			39.8566627502			0.8149241343


			99.7304458618			0.9492755823


			199.4152526855			1.0577193903


			299.3469543457			1.131808329


			400.7192687988			1.1893138199


			500.0868530273			1.2336412545


			600.3055419922			1.2655425537			1.0384362473			0.6738624299


			573


			0.0022215887			0.0138129959			0.1101102009			0.1096058865


			0.0036171258			0.027687374			0.6637135744			0.2174362631


			0.0048098452			0.0415660205			1.0240888596			0.2486508262


			0.0060863905			0.0554132692			2.5294032097			0.3229801627


			0.0079193292			0.0692526414			8.6771497726			0.4116098636


			0.0108462796			0.083024017			20.6923484802			0.4856424666


			0.0148250777			0.0967238664			40.6690444946			0.5428468485


			0.0197561104			0.1103456377			100.4233169556			0.5617922313


			0.0265235864			0.1238879948			200.6508636475			0.5862661688


			0.0348974019			0.1373161802			300.7617797852			0.5862551913


			0.045603212			0.1506199271			400.3741760254			0.5693995638


			0.0608871691			0.1636259916			500.7243041992			0.5453311193


			0.0751947239			0.1766821069			599.9849243164			0.5240961362


			0.0960266516			0.1893624788


			0.1126080602			0.2022911511


			0.4981030822			0.2975253772


			1.0670685768			0.3555997605


			2.4960837364			0.4291777728


			8.3545780182			0.5379121043


			20.5302467346			0.6461832315


			39.6623535156			0.7386127498


			99.4094390869			0.869079141


			198.4980773926			0.9800745801


			300.0355834961			1.0562155702


			400.4880981445			1.1094409101


			500.0509338379			1.1490649385


			599.6571044922			1.1820198217			0.9646149506			0.6598487931
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			373															Temp/C			Total			Reverse			Irrev																																	0.05			0.0453826506			-2.85


			0.0041135745			0.0137238018			0.1029720679			0.0324951893						100			0.1663899573			0.1922848844			-0.0258949271						0.0272955331			0.0315434808			-0.0042479477						-0.1556279451															0.1			0.0907653011			-1.03


			0.0079124328			0.0274699146			0.6905570626			0.0788157053						125			0.6257178456			0.2477277273			0.3779901183						0.1026462321			0.0406386329			0.0620075993						0.6040903595															0.15			0.1361479517			6.42


			0.0120852562			0.041178458			1.038954854			0.0946554935						150			0.805966434			0.5245629003			0.2814035337						0.1322152121			0.0860522128			0.0461629993						0.3491504384															0.2			0.1815306023			12.63


			0.0172372889			0.054818855			2.5173733234			0.1286519687						200			1.1017426124			0.712812198			0.3889304143						0.1807359798			0.1169336736			0.0638023062						0.3530138618															0.25			0.2269132529			17.07


			0.0227305181			0.0684504112			9.8608465195			0.1457912389						250			1.0445037239			0.7751282459			0.269375478						0.1713461945			0.1271563444			0.0441898502						0.2578980542															0.3			0.2722959034			20.97


			0.0293149538			0.0820072455			21.3942527771			0.1609796076						300			0.852041837			0.6643730968			0.1876687402						0.1397736772			0.1089874543			0.0307862229						0.2202576588															0.35			0.317678554			23.46


			0.0364871696			0.0955118501			40.2595443726			0.1778827991																																																0.4			0.3630612046			24.44


			0.0446794406			0.1089424131			99.3144607544			0.2009278902																																																0.45			0.4084438552			25.29


			0.0535823889			0.1223433463			198.5050201416			0.2257751434																																																0.5			0.4538265057			25.45


			0.0657513663			0.1355074545			298.7513427734			0.2480174885																																																0.55			0.4992091563			26


			0.0771240592			0.1487259591			399.8323669434			0.2677295505									T =			323			K																		T			1/T			Ln (P)			P						0.6			0.5445918069			25.82


			0.0915240347			0.1617678937			499.0114135742			0.2873633772									Row#			Qads (X)			P (M)			ln(P)						Q			0.7						323			0.0030959752			0			0						0.65			0.5899744575			18.74


			0.1068997011			0.1747242889			599.5394287109			0.3055582489									25			0.6276231426			598.9620361328			6.3951982174						Qmax			1.1017426124						398			0.0025125628			5.6815111193			293.3924461136						0.7			0.635357108			8.81


			0.56202209			0.3086292023															26			0			0			0						coverage			0.635357108						423			0.0023640662			3.6683592475			39.1875560048


			0.9855110049			0.3525479444																																							473			0.0021141649			2.0896143069			8.0817974693


			2.499464035			0.4059670121															T =			398			K																		523			0.0019120459			2.9294850706			18.7179895711


			9.896238327			0.420251372															Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			4.1271842117			62.0030893321


			20.868314743			0.4359475299															25			0.6699528795			199.4737243652			5.2956825202


			41.4246826172			0.4548444617															26			0.7016059803			299.5056152344			5.7021331661


			99.2597427368			0.4823935764


			198.1696472168			0.5150704269															T =			423			K


			299.3542175293			0.5462555116															Row#			Qads (X)			P (M)			ln(P)															6.5844203929


			399.4703063965			0.5761798974															25			0.6443030332			20.7540836334			3.0327430289						Slopes			extrapolate ln(p)


			499.0783081055			0.6015113783															26			0.702605542			40.3702774048			3.6980938064						0			0


			598.9620361328			0.6276231426			0.1663899573			0.1922848844																								0.0778768618			5.6815111193


																					T =			473			K									0.0876267237			3.6683592475


																					Row#			Qads (X)			P (M)			ln(P)						0.1265825394			2.0896143069


			398																		28			0.6971005989			7.898786068			2.0667090854						0.1211066075			2.9294850706


			0.0035068251			0.0137580319			0.1086217538			0.045211758									29			0.8170368632			20.3728599548			3.0142036207						0.1432461521			4.1271842117


			0.0061636195			0.0275560698			0.710072875			0.1031241247


			0.009163403			0.0413118564			1.0460743904			0.1184615808									T =			523			K


			0.0121792732			0.0550868705			2.5282607079			0.1590299664									Row#			Qads (X)			P (M)			ln(P)


			0.0159029029			0.068805367			9.6545572281			0.1809819377									24			0.6060047358			8.613653183			2.1533485238


			0.0198803004			0.0825115213			21.8590316772			0.2021305678									25			0.707869278			19.9746341705			2.9944631771


			0.0243693385			0.0962033711			40.4540290833			0.2227663449


			0.0294509344			0.1098457809			99.9702911377			0.2522642366									T =			573			K


			0.033785712			0.1235380395			198.9673919678			0.2800902094									Row#			Qads (X)			P (M)			ln(P)


			0.0391439572			0.1371651942			299.1154174805			0.3056664727									23			0.6397881625			40.7251548767			3.7068459575


			0.0461936742			0.1506687449			399.8125			0.3266715985									24			0.7676103477			99.4019165039			4.5991713942


			0.0543220155			0.164093585			499.354309082			0.3482996592


			0.0629528016			0.1775052908			598.8931274414			0.3662829199


			0.0729604512			0.1908047947


			0.0803949982			0.2042908067															0.05									0.1									0.15									0.2									0.25									0.3									0.35


			0.0896190554			0.217671237															1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


			0.1002088636			0.2309370794															0.0030959752			-4.1861254138						0.0030959752			-3.2431066544						0.0030959752			-2.5456171394						0.0030959752			-1.9225909336						0.0030959752			-1.302878747						0.0030959752			-0.6831665603						0.0030959752			-0.0471773018


			0.5728367567			0.3969673642															0.0025125628			-4.5130871775						0.0025125628			-3.6617203046						0.0025125628			-3.0831133675						0.0025125628			-2.55167649						0.0025125628			-2.100334966						0.0025125628			-1.5753270914						0.0025125628			-1.0503192167


			1.0612027645			0.4622877401															0.0023640662			-5.0421622402						0.0023640662			-4.6813996979						0.0023640662			-4.0688890482						0.0023640662			-3.3198321416						0.0023640662			-2.540447493						0.0023640662			-1.8161710284						0.0023640662			-1.0835093991


			2.5317625999			0.5401761108															0.0021141649			-5.2842906991						0.0021141649			-5.2034700656						0.0021141649			-4.8782087861						0.0021141649			-4.1575308293						0.0021141649			-3.3530069496						0.0021141649			-2.56596474						0.0021141649			-1.8691811628


			8.7223625183			0.5581252445															0.0019120459			-5.2748966272						0.0019120459			-5.2126260834						0.0019120459			-4.7816939884						0.0019120459			-3.767292863						0.0019120459			-2.645799591						0.0019120459			-1.7849186552						0.0019120459			-0.947118868


			21.0681591034			0.5788367102															0.0017452007			-5.0383444522						0.0017452007			-4.6520437104						0.0017452007			-3.8127870096						0.0017452007			-2.675876684						0.0017452007			-1.5688841755						0.0017452007			-0.5090320855						0.0017452007			0.2972205248


			41.2476768494			0.6010022812


			99.4112548828			0.6337248302


			199.4737243652			0.6699528795															0.4									0.45									0.5									0.55									0.6									0.65									0.7


			299.5056152344			0.7016059803															1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


			398.9943237305			0.7307943751															0.0030959752			0.812118556						0.0030959752			3.548103359						0.0030959752			4.9702603384						0.0030959752			5.7377295211						0.0030959752			6.1994803931															0.0030959752


			499.6423950195			0.7584790428															0.0025125628			-0.5285295198						0.0025125628			-0.0565807328						0.0025125628			0.4804066499						0.0025125628			1.6059344527						0.0025125628			3.6892159436						0.0025125628			4.912125347						0.0025125628			5.6815111193


			598.9172363281			0.7836205939			0.6257178456			0.2477277273									0.0023640662			-0.4140963006						0.0023640662			0.1384705553						0.0023640662			0.6465112175						0.0023640662			1.4645642749						0.0023640662			2.4433582136						0.0023640662			3.0977570627						0.0023640662			3.6683592475


																					0.0021141649			-1.1866834192						0.0021141649			-0.5598664302						0.0021141649			-0.0815470109						0.0021141649			0.3822540134						0.0021141649			0.8423072818						0.0021141649			1.457237378						0.0021141649			2.0896143069


			423																		0.0019120459			-0.2457216283						0.0019120459			0.3641114532						0.0019120459			0.9637890904						0.0019120459			1.5248769625						0.0019120459			2.0859648346						0.0019120459			2.5166256814						0.0019120459			2.9294850706


			0.0036716752			0.0136347463			0.1266640127			0.0955281313									0.0017452007			1.0810794824						0.0017452007			1.8358000963						0.0017452007			2.454002537						0.0017452007			2.9729483988						0.0017452007			3.3843834865						0.0017452007			3.7781346962						0.0017452007			4.1271842117


			0.0051709176			0.027406107			0.8188980222			0.1822390295


			0.0060647088			0.0411984468			1.0265494585			0.1992897401


			0.0066959383			0.0550081501			2.5389344692			0.2609089351


			0.0073015899			0.0688321312			8.229391098			0.3177265582


			0.0080266334			0.0826597232			20.6023006439			0.381851646


			0.0089464989			0.0964657981			40.3259391785			0.435690447																																																												Vol H2			Slopes


			0.0102571128			0.1102335959			99.3478546143			0.5012554794																																																												0.2			-3943.1385004131


			0.0119809518			0.123997538			198.9351043701			0.5587196703																																																												0.25			-4788.968366636


			0.0144852847			0.1377073026			299.7646179199			0.5989086913																																																												0.3			-5515.341603719


			0.0174172278			0.1513791187			399.6375427246			0.633588697																																																												0.4			-6094.4029745468


			0.0211483538			0.1650127776			499.5563964844			0.6615995199																																																												0.45			-6426.067607359


			0.0258236192			0.1785996803			599.5373535156			0.6882395759																																																												0.55			-6973.9048103251


			0.0316543393			0.1920958108																																																																		0.65			-6253.7948219204


			0.0396411084			0.2054622365


			0.0485080779			0.218783279																																																																					deltaH


			0.060492225			0.2319024432																																																																					32.7851146538


			0.0732348934			0.2450025545																																																																					39.8177433933


			0.0885839015			0.257916175																																																																					45.8571533346


			0.1058836207			0.270706554																																																																					50.6717428886


			0.5293772817			0.3805362993																																																																					53.4293591915


			0.9944636226			0.4358257098																																																																					57.9843362761


			2.4803159237			0.5257730082																																																																					51.9970019406


			9.1192150116			0.5824877124


			20.7540836334			0.6443030332


			40.3702774048			0.702605542


			98.9655227661			0.7826609296


			199.1047515869			0.8560037157												MPL Data


			299.7975463867			0.9165123554												Pd									Re


			399.0216369629			0.9694753968												Vol H2			delH						Vol H2			delH


			499.0978088379			1.0064818941												0.1212968546			61.7151159754						0.2			39.2511282216


			599.0352783203			1.0508207738			0.805966434			0.5245629003						0.1637679856			63.0794271008						0.25			38.0187085185


																		0.2001604265			61.8211870015						0.3			40.0811716181


			473															0.2547496338			65.4730037064						0.4			41.259844908


			0.0031375587			0.0137610565			0.1011646986			0.1111398072						0.309338841			63.031682289						0.45			40.4655108575


			0.0043254839			0.0276586805			0.7257312536			0.2158289887						0.3639284122			60.6989840064						0.55			39.1524490197


			0.0049169473			0.0415871715			0.9982064366			0.2346032668						0.4185176194			54.2086897394						0.65			37.3465176277


			0.0051741153			0.0555227166			2.5969617367			0.2977221419						0.4731064627			51.1725514321


			0.0052962052			0.0694761764			8.880944252			0.3906156211						0.5276960339			39.9395768772


			0.0053417631			0.0834503969			20.1057758331			0.4746214765						0.5822852411			29.9494355223


			0.0054575577			0.0974364758			39.9753341675			0.551823656


			0.0056782588			0.1113888222			98.4775772095			0.6513609744						2%OL HT


			0.0061258534			0.1253432162			198.7024230957			0.7306901915						Vol H2			delH


			0.0067674732			0.1392797249			299.3762817383			0.7792990177						0.2			19.1315742181


			0.0078822644			0.1532017596			399.2181396484			0.8177440414						0.25			23.2339129274


			0.0094924057			0.1670834211			499.2167358398			0.8449288678						0.3			25.9658968703


			0.011482602			0.1809278877			599.362487793			0.8704900721						0.4			27.6070077715


			0.0144175459			0.1947405763												0.45			27.5176188575


			0.0178622287			0.2085191536												0.55			25.4746706578


			0.0224991273			0.2222399644												0.65			24.111298589


			0.0284141749			0.2358552747


			0.0346935876			0.2494632471


			0.0426489823			0.2629876809															Re			Ht			TD			NI			RT


			0.0536096618			0.2762988652												0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637


			0.0647258013			0.289602933												0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104


			0.0802605301			0.3026343883												0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436


			0.0940574482			0.3157489648												0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363


			0.1149369255			0.3284475029												0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673


			0.501421988			0.4363646754												0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893


			1.016730547			0.5102587455												0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915


			2.5123176575			0.6085749217


			7.898786068			0.6971005989


			20.3728599548			0.8170368632


			41.5162734985			0.904830013


			98.1678695679			1.0191731099


			202.7842712402			1.1413634912


			300.0539855957			1.1916351629


			400.4196472168			1.2338880582


			499.8137817383			1.2663643758


			599.5132446289			1.2995422317			1.1017426124			0.712812198


			523


			0.0031145799			0.0138619838			0.1148207411			0.1104888925


			0.0043354756			0.0278414344			0.7772191167			0.2104507808


			0.0049578124			0.0418236968			1.0178201199			0.2281219394


			0.0052370587			0.0558709555			2.5604093075			0.3028161477


			0.0053303726			0.0699417898			8.0613956451			0.3973515015


			0.005358947			0.0839901363			19.9881896973			0.4925292464


			0.0054118996			0.0980198841			39.8838577271			0.5741637231


			0.0056682685			0.1120566993			99.8064575195			0.6930673605


			0.0062345555			0.1260794145			198.9205780029			0.7955810732


			0.0072298544			0.1400746429			299.5704345703			0.86030894


			0.0089014415			0.154038283			400.1400756836			0.9101101531


			0.0116061922			0.1679154487			500.1161193848			0.9459609445


			0.0155315353			0.1817253757			599.4492797852			0.977665305


			0.020917464			0.1954429268


			0.0281880759			0.2090539479


			0.0382471755			0.2225073502


			0.0518522486			0.2356952845


			0.0691578835			0.2486674704


			0.0884880796			0.2615152655


			0.1090841442			0.2742947491


			0.530369103			0.3686761073


			0.9946829081			0.4193841129


			2.4968180656			0.4956538053


			8.613653183			0.6060047358


			19.9746341705			0.707869278


			39.5962142944			0.8045038256


			99.2985687256			0.9452626604


			198.3444519043			1.0660112952


			299.0958251953			1.1435017742


			400.227355957			1.2006998467


			499.7086486816			1.2471992434


			599.4219360352			1.2796214206			1.0445037239			0.7751282459


			573


			0.00372343			0.0136515171			0.1109049916			0.1092362555


			0.0052497485			0.0274538795			0.499679625			0.166841228


			0.0061206594			0.0412821899			1.0156624317			0.2002961055


			0.0067087263			0.0551331053			2.5460245609			0.248741956


			0.0072486391			0.0689850088			8.6101350784			0.3318119472


			0.0080105485			0.0828336332			20.1904830933			0.4119801545


			0.0091503169			0.0966429216			40.3682060242			0.4893213151


			0.0108695598			0.1104304199			99.5431213379			0.6026006486


			0.0134427305			0.124144464			199.3583984375			0.7067198832


			0.017162364			0.1377860717			299.6920166016			0.7700542785


			0.0226984527			0.1513232467			400.6122436523			0.8212093431


			0.0303133521			0.1647543666			499.7445373535			0.8618011641


			0.0414996222			0.177959118			599.9002075195			0.8995083865


			0.0556518212			0.1909743876


			0.0750962123			0.203686009


			0.0981186554			0.216147088


			0.1297537237			0.2281008533


			0.5638661385			0.2960880117


			0.9842630625			0.3301891188


			2.5768561363			0.3910887966


			8.6151542664			0.4710490263


			20.1114807129			0.5527307697


			40.7251548767			0.6397881625


			99.4019165039			0.7676103477


			199.1578369141			0.8849437913


			299.8003540039			0.968951201


			399.8751220703			1.0337023849


			499.4387817383			1.0842138408


			599.372253418			1.1251503471			0.852041837			0.6643730968
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10wt% Re Batch 2


Pd


2wt% Re@Pd


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			


									41.259844908									27.6070077715									23.3475563177									36.8345447155									30.5667305363												Re			Ht			TD			NI			RT


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT									0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637						0.1212968546			61.7151159754


			~0.5 coverage						0.4									0.4									0.4									0.4									0.4									0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104						0.1637679856			63.0794271008


																																																						0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436						0.2001604265			61.8211870015


									0.0028735632			6.5546581506						0.0028735632			6.628765018						0.0028735632			6.0495112666						0.0028735632			5.1178901143						0.0026809651			5.5255577029						0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363						0.2547496338			65.4730037064


									0.0026809651			3.2453932899						0.0026809651			5.4553878121						0.0026809651			4.0600861651						0.0026809651			2.4102346291						0.0023640662			1.9642086735						0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673						0.309338841			63.031682289


									0.0025125628			0.4553528502						0.0023640662			1.9074170872						0.0025125628			1.1716812964						0.0025125628			0.3474103725						0.0022321429			2.1574484537						0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893						0.3639284122			60.6989840064


									0.0023640662			0.4334115897						0.0022321429			1.4782423995						0.0022321429			0.8284267618						0.0023640662			0.040350019						0.0021141649			1.8065422808						0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915						0.4185176194			54.2086897394


									0.0022321429			0.7874195071						0.0021141649			1.5426369941						0.0021141649			1.2153611033						0.0022321429			0.3016595018						0.0019120459			2.4828839935																											0.4731064627			51.1725514321


									0.0021141649			1.2277945283						0.0020080321			1.827525467						0.0020080321			1.438850212						0.0021141649			0.7082177496						0.0018248175			3.4225047214																											0.5276960339			39.9395768772


									0.0020080321			1.8085667285						0.0019120459			2.1920991011						0.0019120459			1.7666133768						0.0020080321			1.0587841253						0.0017452007			3.0306827424																											0.5822852411			29.9494355223


									0.0019120459			2.1408687987						0.0018248175			2.2320129789						0.0017452007			2.4571519225						0.0019120459			1.4033240809						0.0016051364			3.6748548101


									0.0018248175			2.6625056008						0.0017452007			2.6913686134						0.0016722408			2.5041024429						0.0018248175			2.0135839242


									0.0017452007			2.9279810541						0.0016722408			2.7966616567						0.0016051364			2.6153781873						0.0017452007			2.4936120191


									0.0016722408			3.5506260576						0.0016051364			3.3116622813						0.0015432099			2.634729528						0.0016051364			2.9594323454


									0.0016051364			3.7254093193						0.0015432099			3.4179891455


									0.0015432099			4.2434549843


									39.2511282216									19.1315742181									4.4192697887									18.5546857459									13.4695486637


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


			~0.25 coverage						0.2									0.2									0.2									0.2									0.2


									0.0028735632			0.4206661715						0.0028735632			3.180062062						0.0030959752			5.2417752338						0.0028735632			-0.6814180979						0.0026809651			-0.7570618773


									0.0026809651			-1.6089001085						0.0026809651			-0.5645316694						0.0028735632			2.350398822						0.0026809651			-1.7473463639						0.0023640662			-1.6579627106


									0.0025125628			-2.3956894157						0.0023640662			-1.6666776312						0.0026809651			-0.9753852997						0.0025125628			-2.2911237554						0.0022321429			-1.4641167084


									0.0023640662			-2.4271113439						0.0022321429			-1.6335099257						0.0025125628			-2.0603758088						0.0023640662			-2.7019494374						0.0021141649			-1.5447109206


									0.0022321429			-2.4197602294						0.0021141649			-1.5837780597						0.0022321429			-2.1768762561						0.0022321429			-2.7006433004						0.0019120459			-1.3228927485


									0.0021141649			-2.0092215861						0.0020080321			-1.498179243						0.0021141649			-1.9777575969						0.0021141649			-2.4296303606						0.0018248175			-0.8326549414


									0.0020080321			-1.7404605467						0.0019120459			-1.4195849716						0.0020080321			-1.9345681382						0.0020080321			-2.3181603243						0.0017452007			-1.1369597892


									0.0019120459			-1.5759408132						0.0018248175			-1.4864687781						0.0019120459			-1.8760417234						0.0019120459			-2.0988112687						0.0016051364			-0.691440583


									0.0018248175			-1.1525874568						0.0017452007			-1.2324548007						0.0017452007			-1.6853587821						0.0018248175			-1.9500238309


									0.0017452007			-1.0892239091						0.0016722408			-1.2301500401						0.0016722408			-1.8187608455						0.0017452007			-1.4122335597


									0.0016722408			-0.5372470091						0.0016051364			-0.9078930086						0.0016051364			-1.8017332718						0.0016051364			-1.390512795


									0.0016051364			-0.5230119688						0.0015432099			-0.8386422124						0.0015432099			-1.7614428781


									0.0015432099			-0.0354248769


									40.0811716181									25.9658968703									14.5536694899									30.3561815311									31.0243893436


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


			~0.4 coverage						0.3									0.3									0.3									0.3									0.3


									0.0028735632			5.1322543236						0.0028735632			5.7013269753						0.0030959752			6.2211680717						0.0028735632			2.141637606						0.0026809651			2.0803334949


									0.0026809651			-0.2967243979						0.0026809651			2.2320123222						0.0028735632			4.9965624219						0.0026809651			-0.367473266						0.0023640662			-0.1434157294


									0.0025125628			-1.0256781785						0.0023640662			-0.1803832155						0.0026809651			0.5253415959						0.0025125628			-0.9339936905						0.0022321429			0.3276858073


									0.0023640662			-0.8602307345						0.0022321429			-0.1325250311						0.0025125628			-0.6295611234						0.0023640662			-1.1980881188						0.0021141649			0.0836108447


									0.0022321429			-0.6169571809						0.0021141649			-0.0196157716						0.0022321429			-0.5879593433						0.0022321429			-1.0586834776						0.0019120459			0.8059046247


									0.0021141649			-0.2206482357						0.0020080321			0.1566113343						0.0021141649			-0.2391116001						0.0021141649			-0.6658870329						0.0018248175			1.7350544921


									0.0020080321			0.1921898835						0.0019120459			0.4519178194						0.0020080321			-0.1035988147						0.0020080321			-0.4424698013						0.0017452007			1.232112219


									0.0019120459			0.4527167293						0.0018248175			0.424328072						0.0019120459			0.0857731287						0.0019120459			-0.1668643221						0.0016051364			2.0280837907


									0.0018248175			1.1013562073						0.0017452007			0.9188569453						0.0017452007			0.5548182932						0.0018248175			0.2366618776


									0.0017452007			1.2851961817						0.0016722408			0.9286574251						0.0016722408			0.4620926168						0.0017452007			0.8176313334


									0.0016722408			2.0776853551						0.0016051364			1.4992019813						0.0016051364			0.6150071637						0.0016051364			1.1616013933


									0.0016051364			2.1666449293						0.0015432099			1.5662464168						0.0015432099			0.5769601183


									0.0015432099			2.6908879323


									38.0187085185									23.2339129274									8.9320162653									24.0489862286									21.2324894104


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


									0.25									0.25									0.25									0.25									0.25


									0.0028735632			3.5333443446						0.0028735632			4.8878947056						0.0030959752			5.8073132801						0.0028735632			0.127045619						0.0026809651			0.0259107917


									0.0026809651			-0.9982904153						0.0026809651			0.1663075849						0.0028735632			3.9413779695						0.0026809651			-1.0567818473						0.0023640662			-0.8816810754


									0.0025125628			-1.6754800436						0.0023640662			-0.8782465683						0.0026809651			-0.2308735587						0.0025125628			-1.5721043184						0.0022321429			-0.517829844


									0.0023640662			-1.6214813718						0.0022321429			-0.8435588103						0.0025125628			-1.3513512724						0.0023640662			-1.9000523952						0.0021141649			-0.6607868442


									0.0022321429			-1.4303056689						0.0021141649			-0.7209260259						0.0022321429			-1.339107002						0.0022321429			-1.7841068859						0.0019120459			-0.2825098038


									0.0021141649			-1.0215747361						0.0020080321			-0.6222435271						0.0021141649			-1.0126504242						0.0021141649			-1.447931533						0.0018248175			0.4594319303


									0.0020080321			-0.6656464627						0.0019120459			-0.4213813371						0.0020080321			-0.9303036001						0.0020080321			-1.2620175989						0.0017452007			0.0604011533


									0.0019120459			-0.4414698357						0.0018248175			-0.4675461756						0.0019120459			-0.8224955882						0.0019120459			-1.0256847531						0.0016051364			0.6614180035


									0.0018248175			0.057707979						0.0017452007			-0.0884771672						0.0017452007			-0.5148748648						0.0018248175			-0.7603620415


									0.0017452007			0.1951583493						0.0016722408			-0.1774602989						0.0016722408			-0.6330330412						0.0017452007			-0.2222606708


									0.0016722408			0.8689837934						0.0016051364			0.2993297534						0.0016051364			-0.547393114						0.0016051364			-0.0427756648


									0.0016051364			0.8954027789						0.0015432099			0.3204617289						0.0015432099			-0.5774391287


									0.0015432099			1.4940562774


									40.4655108575									27.5176188575									21.7251922338									33.2668330186									27.9867775673


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


									0.45									0.45									0.45									0.45									0.45


									0.0026809651			4.7464390637						0.0026809651			6.0977142599						0.0028735632			6.3631878326						0.0028735632			5.7424230307						0.0026809651			6.1198571512


									0.0025125628			2.2166564363						0.0023640662			3.1040779984						0.0026809651			4.9886461625						0.0026809651			4.0946947681						0.0023640662			3.1295102924


									0.0023640662			1.3855823369						0.0022321429			2.4853536491						0.0025125628			2.8139859707						0.0025125628			1.7710577325						0.0022321429			2.7934250395


									0.0022321429			1.6848579686						0.0021141649			2.3847597219						0.0022321429			1.6967783786						0.0023640662			0.7640805007						0.0021141649			2.5790513154


									0.0021141649			2.0359409327						0.0020080321			2.5356305839						0.0021141649			2.025655576						0.0022321429			1.0673082742						0.0019120459			3.1132257446


									0.0020080321			2.4419560667						0.0019120459			2.8188421995						0.0020080321			2.1917899677						0.0021141649			1.6039215801						0.0018248175			3.9956177472


									0.0019120459			2.6765507182						0.0018248175			2.8112482775						0.0019120459			2.4046574906						0.0020080321			1.8693645302						0.0017452007			3.5913649804


									0.0018248175			3.2744775378						0.0017452007			3.3339711359						0.0017452007			3.1099031467						0.0019120459			2.1847545477						0.0016051364			4.3117133447


									0.0017452007			3.4969311655						0.0016722408			3.4404711307						0.0016722408			3.2363734545						0.0018248175			2.6150092676


									0.0016722408			4.1078755146						0.0016051364			3.8732660422						0.0016051364			3.3098616161						0.0017452007			3.1024234954


									0.0016051364			4.3206471081						0.0015432099			4.0323807403						0.0015432099			3.343842333						0.0016051364			3.5704360035


									0.0015432099			4.8309226966


									39.1524490197									25.4746706578									20.4311069956									27.6522878158									23.5903981893


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


									0.55									0.55									0.55									0.55									0.55


									0.0026809651			5.993545073						0.0023640662			4.9488445276						0.0026809651			6.0396915259						0.0028735632			6.6019853684						0.0023640662			4.7415714026


									0.0025125628			5.0349237381						0.0022321429			4.0135491702						0.0025125628			4.7957336214						0.0026809651			5.915092039						0.0022321429			3.9074722401


									0.0023640662			3.5223400232						0.0021141649			3.6872104702						0.0022321429			3.1539562097						0.0025125628			4.6519116074						0.0021141649			3.8457524467


									0.0022321429			3.132511623						0.0020080321			3.6949600813						0.0021141649			3.2156162976						0.0023640662			2.909170539						0.0019120459			4.1181164553


									0.0021141649			3.2089993481						0.0019120459			3.875971245						0.0020080321			3.2792000792						0.0022321429			2.7731192018						0.0018248175			4.989467575


									0.0020080321			3.5510613874						0.0018248175			3.8715089728						0.0019120459			3.3989215454						0.0021141649			3.0461885094						0.0017452007			4.5870554255


									0.0019120459			3.6963458069						0.0017452007			4.3194479172						0.0017452007			4.0955647662						0.0020080321			3.0907375104						0.0016051364			5.3005212374


									0.0018248175			4.2212769076						0.0016722408			4.4522862939						0.0016722408			4.2796237843						0.0019120459			3.230762145


									0.0017452007			4.4495775847						0.0016051364			4.8890917979						0.0016051364			4.1928276842						0.0018248175			3.7226923573


									0.0016722408			5.1018029755						0.0015432099			5.0695533226						0.0015432099			4.314685931						0.0017452007			4.1159964692


									0.0016051364			5.1835267209																								0.0016051364			4.6148648035


									0.0015432099			5.6847355848


									37.3465176277									24.111298589									17.2601219284									27.9351754078									17.2747504915


									Re									Re@Pd HT									Re@Pd TD									Re@Pd NI									Re@Pd RT


									0.65									0.65									0.65									0.65									0.65


									0.0025125628			6.4196412413						0.0023640662			6.0962249043						0.0026809651			6.7271538933						0.0025125628			6.3233935367						0.0023640662			5.9876678012


									0.0023640662			5.283054893						0.0022321429			5.2132871718						0.0025125628			5.8492294508						0.0023640662			4.5999624249						0.0022321429			4.8940567


									0.0022321429			4.6357838469						0.0021141649			4.8327572695						0.0022321429			4.3888541563						0.0022321429			4.2034776848						0.0021141649			4.9584548808


									0.0021141649			4.439454326						0.0020080321			4.7087665366						0.0021141649			4.3451990954						0.0021141649			4.3569493047						0.0019120459			5.0288571205


									0.0020080321			4.5943674299						0.0019120459			4.7873674096						0.0020080321			4.219234449						0.0020080321			4.1518093842						0.0018248175			5.742605731


									0.0019120459			4.6488424607						0.0018248175			4.8182014718						0.0019120459			4.1902111516						0.0019120459			4.309309212						0.0017452007			5.4126909247


									0.0018248175			5.1012288087						0.0017452007			5.1410746561						0.0017452007			4.9434044596						0.0018248175			4.7634619669						0.0016051364			6.0236952301


									0.0017452007			5.2439426751						0.0016722408			5.2319045288						0.0016722408			5.1502694576						0.0017452007			5.0499097781


									0.0016722408			5.9248515698						0.0016051364			5.625991278						0.0016051364			4.8997801384						0.0016051364			5.4285246337


									0.0016051364			5.8993583726						0.0015432099			5.7962717928						0.0015432099			5.0208778435


									0.0015432099			6.3494286292


															Re@Pd HT																														Re


												Re@Pd TD																																	Re@Pd NI
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0.4


0.2


0.3


0.25


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


																		0


																		0


																		0





Pd


Re


Re@Pd TD


Re@Pd RT


Re@Pd NI


Re@Pd HT


Re


Re@Pd HT


Re@Pd TD


Re@Pd NI


Re@Pd RT


Pd


Volume H2 Adsorbed, cm3/g (STP)


Heat of Adsorption, kJ/mol


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0			0			0			0			0


			0			0			0			0			0			0			0


			0			0			0			0			0			0			0


			0			0			0			0			0			0			0


			0			0			0			0			0			0			0





0.4


0.2


0.3


0.25


0.45


0.55


0.65


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0


			0


			0





Pd


Re


Re@Pd TD


Volume Hydrogen Adsorbed, cm3/g (STP)


Heat of Adsorption, kJ/mol


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			373															Temp/C			Total			Reverse			Irrev																																	0.05			0.3506272251			-2.85


			0.0846505538			0.0162346192			0.8671978712			0.0264611883						100			0.1027169723			0.0398506171			0.0628663552						0.0168502629			0.0065373167			0.0103129462						0.6120347373															0.1			0.7012544503			-1.03


			0.2319599688			0.0247522076			2.1974234581			0.0286094459						125			0.1014234295			0.0557771332			0.0456462963						0.0166380629			0.0091499908			0.0074880721						0.450056723															0.15			1.0518816754			6.42


			0.4251905382			0.0276503612			8.633026123			0.0405420594						150			0.1192334093			0.5245629003			-0.405329491						0.019559711			0.0860522128			-0.0664925019						-3.399462395															0.2			1.4025089005			12.63


			0.6414219737			0.0276648639			26.2412071228			0.0540405122						200			0.1130426031			0.0821796871			0.030862916						0.0185441367			0.0134812125			0.0050629242						0.2730202165															0.25			1.7531361256			17.07


			0.8692039251			0.0261099364			98.8777923584			0.0922989854						250			0.1275748149			0.0829404319			0.0446343831						0.0209280815			0.0136060093			0.0073220722						0.3498682956															0.3			2.1037633508			20.97


			2.0226054192			0.0318949562			198.9642791748			0.1278558647						300			0.1426015906			0.0687829928			0.0738185978						0.0233931573			0.0112835443			0.0121096129						0.517656202															0.35			2.4543905759			23.46


			8.5043039322			0.051621009			300.0866394043			0.1622425067																																																0.4			2.805017801			24.44


			26.0734195709			0.081152863			399.2773742676			0.1922725083																																																0.45			3.1556450262			25.29


			98.8324050903			0.1316233374			499.9783325195			0.2221030207																																																0.5			3.5062722513			25.45


			199.0406951904			0.1822371127			598.9963989258			0.2636996296																																																0.55			3.8568994764			26


			299.2323608398			0.2240245013			698.7940673828			0.2946926716									T =			323			K																		T			1/T			Ln (P)			P						0.6			4.2075267016			25.82


			399.9360656738			0.2648365386			798.6061401367			0.3416560675									Row#			Qads (X)			P (M)			ln(P)						Q			0.55						323			0.0030959752			0			0						0.65			4.5581539267			18.74


			499.513092041			0.3031239737			898.8001098633			0.3783752111									17			0.4691666037			898.6483154297			6.8008917626						Qmax			0.1426015906						398			0.0025125628			0			0						0.7			4.9087811518			8.81


			599.003112793			0.3423425944															18			0			0			0						coverage			3.8568994764						423			0.0023640662			0			0


			698.7182617188			0.3897746158																																							473			0.0021141649			0			0


			798.9879150391			0.4227785833															T =			398			K																		523			0.0019120459			0			0


			898.6483154297			0.4691666037															Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			0			0


																					17			0.3268971292			898.5172729492			6.8007459302


																					18			0			0			0


																					T =			423			K


																					Row#			Qads (X)			P (M)			ln(P)															0


																					17			0.4305054325			898.7200927734			6.800971632						Slopes			extrapolate ln(p)


																					18			0			0			0						0			0


									0.1027169723			0.0398506171																								0			0


																					T =			473			K									0			0


																					Row#			Qads (X)			P (M)			ln(P)						0			0


			398																		17			0.4084404552			899.0340576172			6.8013209176						0			0


			0.0864528343			0.0159937102			0.8757200241			0.0254138549									18			0			0			0						0			0


			0.2471915931			0.0228968133			2.1921164989			0.0272990987


			0.4512941241			0.0245057705			7.9200181961			0.0410079994									T =			523			K


			0.6739223599			0.0236791842			26.4712562561			0.0600893598									Row#			Qads (X)			P (M)			ln(P)


			0.9046419263			0.0216622019			99.7748336792			0.0916919152									17			0.4214944586			899.2611083984			6.8015734355


			2.0375432968			0.0260858814			199.5195617676			0.1214593375									18			0			0			0


			8.5965156555			0.0472710236			299.7698669434			0.1430772876


			26.3755302429			0.0683460858			399.6814575195			0.1675150465									T =			573			K


			99.0829696655			0.1054639801			499.6563415527			0.1987058302									Row#			Qads (X)			P (M)			ln(P)


			198.9804840088			0.140492369			599.3027954102			0.2281830506									17			0.4791360703			899.4983520508			6.8018372213


			299.5680236816			0.1663044419			698.9165649414			0.2508369235									18			0			0			0


			399.282043457			0.196575098			798.7648925781			0.2827771496


			499.0152893066			0.2170995041			898.6849365234			0.3094132888


			598.7142333984			0.2483133549


			698.8950805664			0.2759019593															0.05									0.1									0.15									0.2									0.25									0.3									0.35


			798.9664306641			0.2869111908															1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


			898.5172729492			0.3268971292															0.0030959752			2.0225523038						0.0030959752			3.758513901						0.0030959752			4.8476093655						0.0030959752			5.4668181997						0.0030959752			5.8858493673						0.0030959752			6.1954933846						0.0030959752			6.4201253916


																					0.0025125628			2.2965238029						0.0025125628			4.4011272424						0.0025125628			5.4439076403						0.0025125628			6.0268747677						0.0025125628			6.4042430763						0.0025125628			6.721756933						0.0025125628


																					0.0023640662			2.012971765						0.0023640662			3.7788363217						0.0023640662			4.8348058076						0.0023640662			5.4992591671						0.0023640662			5.9518052736						0.0023640662			6.2736185389						0.0023640662			6.5024018174


																					0.0021141649			2.134665678						0.0021141649			3.860839877						0.0021141649			4.9852502477						0.0021141649			5.6325803273						0.0021141649			6.0636748216						0.0021141649			6.3727567668						0.0021141649			6.616847339


																					0.0019120459			1.96593197						0.0019120459			3.7429201574						0.0019120459			4.8517775091						0.0019120459			5.5279586189						0.0019120459			5.9798926159						0.0019120459			6.3035365858						0.0019120459			6.5640664793


																					0.0017452007			1.8917070485						0.0017452007			3.5943366564						0.0017452007			4.6575170074						0.0017452007			5.2654441041						0.0017452007			5.7281046284						0.0017452007			6.0514132429						0.0017452007			6.3219877589


																					0.4									0.45									0.5									0.55									0.6									0.65									0.7


																					1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


																					0.0030959752			6.5907942979						0.0030959752			6.7523241266						0.0030959752									0.0030959752									0.0030959752																		0.0030959752


																					0.0025125628									0.0025125628									0.0025125628									0.0025125628									0.0025125628									0.0025125628									0.0025125628


									0.1014234295			0.0557771332									0.0023640662			6.7160778701						0.0023640662									0.0023640662									0.0023640662									0.0023640662									0.0023640662									0.0023640662


																					0.0021141649			6.7775010903						0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649


			423																		0.0019120459			6.7442076184						0.0019120459									0.0019120459									0.0019120459									0.0019120459									0.0019120459									0.0019120459


			0.1009177342			0.0143289536			0.1266640127			0.0955281313									0.0017452007			6.551212837						0.0017452007			6.7176479416						0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007


			0.2628310323			0.0211722119			0.8188980222			0.1822390295


			0.4622434676			0.0233952504			1.0265494585			0.1992897401


			0.6796392202			0.0234197887			2.5389344692			0.2609089351


			0.9078608751			0.0219302455			8.229391098			0.3177265582


			2.0265958309			0.0286217072			20.6023006439			0.381851646


			7.8268852234			0.0507296104			40.3259391785			0.435690447																																																												Vol H2			Slopes


			26.4869632721			0.0793201849			99.3478546143			0.5012554794																																																												0.2			978.4275588659			0.05			664.6262161294


			99.1672134399			0.133683875			198.9351043701			0.5587196703																																																												0.25			892.2635131475			0.1			717.4667496817


			199.2004089355			0.1815016906			299.7646179199			0.5989086913																																																												0.3			852.5394504763			0.15			880.3199038321


			299.6569519043			0.2183567288			399.6375427246			0.633588697																																																												0.4			597.6924613267


			400.3872375488			0.2551594644			499.5563964844			0.6615995199																																																												0.45			0


			499.9107055664			0.286559646			599.5373535156			0.6882395759																																																												0.55			0


			599.7085571289			0.327890549																																																																		0.65			0


			699.3330078125			0.3599584569


			799.1558837891			0.3883137121																																																																					deltaH


			898.7200927734			0.4305054325																																																																					-8.1351085422						-5.5260160645


																																																																											-7.4186999967						-5.9653572012


																																																																											-7.0884153899						-7.3193951915


																																																																											-4.9694972343


																																																																											0


																																																																											0


																																																																											0


																		MPL Data


																		Pd									Re


																		Vol H2			delH						Vol H2			delH


																		0.1212968546			61.7151159754						0.2			39.2511282216


									0.1192334093			0.5245629003						0.1637679856			63.0794271008						0.25			38.0187085185


																		0.2001604265			61.8211870015						0.3			40.0811716181


			473															0.2547496338			65.4730037064						0.4			41.259844908


			0.1029609814			0.0141152366			0.863492012			0.034499127						0.309338841			63.031682289						0.45			40.4655108575


			0.2759767175			0.0197403607			2.2345664501			0.039366116						0.3639284122			60.6989840064						0.55			39.1524490197


			0.4800348878			0.0216196201			8.6163301468			0.0558238764						0.4185176194			54.2086897394						0.65			37.3465176277


			0.6992977262			0.0215965635			26.273645401			0.0758267274						0.4731064627			51.1725514321


			0.9224684834			0.0207505372			99.564743042			0.1120768679						0.5276960339			39.9395768772


			2.0341594219			0.0273549047			199.7414245605			0.1456862738						0.5822852411			29.9494355223


			8.4388380051			0.0499541057			300.1362915039			0.1735860694


			26.0958557129			0.0784054723			400.2507324219			0.200878837						2%OL HT


			99.3078308105			0.1265806127			499.580871582			0.2316195822						Vol H2			delH


			199.4236602783			0.1687694327			599.4854125977			0.2543863521						0.2			19.1315742181


			300.3293151855			0.2066971819			699.4291381836			0.2855883064						0.25			23.2339129274


			400.1959838867			0.2408666191			799.2395019531			0.3207214896						0.3			25.9658968703


			500.4202575684			0.2693278893			899.2322387695			0.3501183186						0.4			27.6070077715


			599.3280639648			0.304494765												0.45			27.5176188575


			699.3747558594			0.3332800584												0.55			25.4746706578


			799.3182983398			0.3667829705												0.65			24.111298589


			899.0340576172			0.4084404552


																					Re			Ht			TD			NI			RT			10wt OL


																		0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637			20.5664447737


																		0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104			24.9304090736


																		0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436			29.1173155655


																		0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363			24.4415176608


																		0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673			25.2906406139


																		0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893			18.9257649287


																		0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915			14.1415026389


																					OL Carb			Re Carb


																		0.05			-5.5260160645			-6.4232156281


																		0.1			-5.9653572012			-2.0738620281


																		0.15			-7.3193951915			-7.1871048547


																		0.2			-8.1351085422			-5.687920969


																		0.25			-7.4186999967


																		0.3			-7.0884153899


																		0.4			-4.9694972343


									0.1130426031			0.0821796871


			523


			0.108461991			0.0135665007			0.8917414546			0.0332799469


			0.2841441035			0.018998743			2.2330088615			0.0373743082


			0.4891728461			0.0209230672			7.9994287491			0.0505227805


			0.7068829536			0.0212315254			25.8312644958			0.0706063287


			0.9291739464			0.0207175065			99.9700469971			0.1083339184


			2.0351424217			0.0278265698			200.5647735596			0.1409549248


			8.7448348999			0.0535772931			300.717590332			0.1653730568


			26.6841125488			0.0820712116			399.9627075195			0.1906266637


			99.6337661743			0.1335474685			500.3298950195			0.2154623618


			200.1580810547			0.1794063306			600.0229492188			0.230981405


			300.9390258789			0.2161031199			699.7763671875			0.2709317494


			400.3252258301			0.2515378193			799.7347412109			0.293987686


			500.0269165039			0.286373642			899.4061279297			0.320879489


			599.6120605469			0.3142199618


			699.5367431641			0.3468782821


			799.4638061523			0.3774187348


			899.2611083984			0.4214944586


									0.1275748149			0.0829404319


			573


			0.1080397815			0.0136640491			0.9040278196			0.0288854029


			0.2811450064			0.0194921888			2.2176687717			0.0324369868


			0.4810479283			0.0221018257			8.7341747284			0.0484933931


			0.6959639192			0.0228459493			26.5187721252			0.0731952437


			0.9176517725			0.022522886			100.219909668			0.1078766663


			2.0371918678			0.0303381052			200.9759674072			0.143798708


			8.6585445404			0.0544457399			300.331237793			0.1806644786


			26.5898532867			0.085811535			400.0231018066			0.2075753148


			100.0247650146			0.1457150124			500.5313415527			0.2404292017


			199.9419403076			0.2026798379			599.9916381836			0.2728362982


			300.9675598145			0.2468233646			699.7414550781			0.317774828


			400.1917114258			0.2897173174			799.9201660156			0.3414157253


			499.8260192871			0.3281573143			899.6710205078			0.3658035491


			599.8494873047			0.365144225


			699.5764770508			0.399786866


			799.6273803711			0.4384056562


			899.4983520508			0.4791360703


									0.1426015906			0.0687829928








			0.0030959752


			0.0025125628


			0.0023640662


			0.0021141649


			0.0019120459


			0.0017452007





0


5.6815111193


3.6683592475


2.0896143069


2.9294850706


4.1271842117





			0.0030959752			0.0030959752			0.0030959752			0			0			0.0030959752


			0.0025125628			0.0025125628			0.0025125628			0			0			0.0025125628


			0.0023640662			0.0023640662			0.0023640662			0			0			0.0023640662


			0.0021141649			0.0021141649			0.0021141649			0			0			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0			0			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0			0			0.0017452007





0.2


0.25


0.3


0.05


0.1


0.15


1/T (K-1)


ln P (Torr)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.05


0.1


0.15


1/T (K-1)


ln P (Torr)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0.2			0.1212968546			0.2			0


			0.25			0.1637679856			0.25			0


			0.3			0.2001604265			0.3			0


			0.4			0.2547496338			0.4			0


			0.45			0.309338841			0.45


			0.55			0.3639284122			0.55


			0.65			0.4185176194			0.65


						0.4731064627


						0.5276960339


						0.5822852411





10wt% Re Batch 2


Pd


2wt% Re@Pd


10wt OL


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


32.7851146538


61.7151159754


19.1315742181


0


39.8177433933


63.0794271008


23.2339129274


0


45.8571533346


61.8211870015


25.9658968703


0


50.6717428886


65.4730037064


27.6070077715


0


53.4293591915


63.031682289


27.5176188575


57.9843362761


60.6989840064


25.4746706578


51.9970019406


54.2086897394


24.111298589


51.1725514321


39.9395768772


29.9494355223





			373															Temp/C			Total			Reverse			Irrev																																	0.05			0			-2.85


			0.1572871953			0.0076294299			0.8107115626			0.0080162385						100			0.0451500349			0.0040637579			0.041086277						0.0074066626			0.0006666414			0.0067400212						0.9099943571															0.1			0			-1.03


			0.3650509119			0.0088104275			2.1101577282			0.0072339351						125			0			0			0						0			0			0						0															0.15			0			6.42


			0.5826461911			0.0086510821			8.7422847748			0.0139733798						150			0			0			0						0			0			0						0															0.2			0			12.63


			0.801671505			0.008195454			26.6250553131			0.0182718115						200			0.0280804675			0.014397916			0.0136825515						0.0046064759			0.0023619141			0.0022445618						0.4872622403															0.25			0			17.07


			2.018982172			0.0105778037			99.5908432007			0.0364225364						250			0			0			0						0			0			0						0															0.3			0			20.97


			7.87586689			0.0213569434			199.6686706543			0.0577638221						300			0.0483512622			0.0184380367			0.0299132256						0.0079318097			0.003024678			0.0049071317						0.6186648326															0.35			0			23.46


			26.5317630768			0.037321795			300.6229553223			0.0742671587																																																0.4			0			24.44


			99.8289413452			0.0676307518			399.8599853516			0.0977771516																																																0.45			0			25.29


			199.3296203613			0.1007362612			499.6610717773			0.113897477																																																0.5			0			25.45


			299.3154907227			0.1322494216			599.0993652344			0.130661104																																																0.55			0			26


			399.7085266113			0.1605956135			698.9216308594			0.1582435941									T =			323			K																		T			1/T			Ln (P)			P						0.6			0			25.82


			499.7892456055			0.196478247			799.0828857422			0.1866030008									Row#			Qads (X)			P (M)			ln(P)						Q			0.6						323			0.0030959752			0			0						0.65			0			18.74


			599.7578125			0.2217089946			898.8319091797			0.1995245869									16			0.3153395611			898.950378418			6.8012278365						Qmax			0						398			0.0025125628			0			0						0.7			0			8.81


			699.1868896484			0.2460830428															17			0			0			0						coverage			0						423			0.0023640662			0			0


			799.1175537109			0.2825951841																																							473			0.0021141649			0			0


			898.950378418			0.3153395611															T =			398			K																		523			0.0019120459			0			0


																					Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			0			0


																					0			0			0			0


																					0			0			0			0


																					T =			423			K


																					Row#			Qads (X)			P (M)			ln(P)															0


																					0			0			0			0						Slopes			extrapolate ln(p)


																					0			0			0			0						0			0


									0.0451500349			0.0040637579																								0			0


																					T =			473			K									0			0


																					Row#			Qads (X)			P (M)			ln(P)						0			0


			398																		16			0.2374747291			899.1275634766			6.8014249193						0			0


																					17			0			0			0						0			0


																					T =			523			K


																					Row#			Qads (X)			P (M)			ln(P)


																					0			0			0			0


																					0			0			0			0


																					T =			573			K


																					Row#			Qads (X)			P (M)			ln(P)


																					16			0.2962516962			899.7763671875			6.8021462515


																					17			0			0			0


																					0.05									0.1									0.15									0.2									0.25									0.3									0.35


																					1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


																					0.0030959752			2.0225523038						0.0030959752			5.279581						0.0030959752			5.882621						0.0030959752			6.239638						0.0030959752			6.564249						0.0030959752			6.1954933846						0.0030959752			6.4201253916


																					0.0021141649			4.2001103171						0.0021141649			5.664574						0.0021141649			6.232666						0.0021141649			6.571837						0.0021141649									0.0021141649									0.0021141649


																					0.0017452007			3.9150727754						0.0017452007			5.572544						0.0017452007			5.91373						0.0017452007			6.319429						0.0017452007			6.600412						0.0017452007									0.0017452007


																					0.4									0.45									0.5									0.55									0.6									0.65									0.7


																					1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


																					0.0030959752									0.0030959752									0.0030959752									0.0030959752									0.0030959752									0.0030959752									0.0030959752


																					0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649


									0			0									0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007


			423


																																																																								Vol H2			Slopes


																																																																								0.2			684.09887832			0.05			772.5343988238


																																																																								0.25			0			0.1			249.4279887


																																																																								0.3			0			0.15			864.40905144


																																																																								0.4			0


																																																																								0.45			0


																																																																								0.55			0


																																																																								0.65			0


																																																																											deltaH


																																																																											-5.687920969						-6.4232156281


																																																																											0						-2.0738620281


																																																																											0						-7.1871048547


																																																																											0


																																																																											0


																																																																											0


																																																																											0


																		MPL Data


																		Pd									Re


																		Vol H2			delH						Vol H2			delH


																		0.1212968546			61.7151159754						0.2			39.2511282216


									0			0						0.1637679856			63.0794271008						0.25			38.0187085185


																		0.2001604265			61.8211870015						0.3			40.0811716181


			473															0.2547496338			65.4730037064						0.4			41.259844908


			0.1562171578			0.0079102323			0.9831191301			0.0130401746						0.309338841			63.031682289						0.45			40.4655108575


			0.3665316701			0.0090865506			2.1540057659			0.0122440992						0.3639284122			60.6989840064						0.55			39.1524490197


			0.5852104425			0.0091559695			8.6408166885			0.0188365946						0.4185176194			54.2086897394						0.65			37.3465176277


			0.8072841763			0.0086989452			26.1870079041			0.0194544558						0.4731064627			51.1725514321


			2.0652942657			0.0113776174			100.1149902344			0.0271287735						0.5276960339			39.9395768772


			8.5837945938			0.0218590509			200.1309509277			0.035525074						0.5822852411			29.9494355223


			26.0902137756			0.0328737194			300.6044616699			0.0399279155


			99.205619812			0.0572458343			399.951171875			0.047477341						2%OL HT


			199.3820037842			0.0808844242			499.717376709			0.0554395746						Vol H2			delH


			300.3463134766			0.1020889109			599.6192626953			0.0607563198						0.2			19.1315742181


			399.796875			0.119733269			699.3336181641			0.0720763863						0.25			23.2339129274


			499.7035522461			0.1475688986			799.4418334961			0.0797063192						0.3			25.9658968703


			599.8438720703			0.1713770659			899.1549072266			0.0918251292						0.4			27.6070077715


			699.40625			0.1975331693												0.45			27.5176188575


			799.3533935547			0.2127838987												0.55			25.4746706578


			899.1275634766			0.2374747291												0.65			24.111298589


																					Re			Ht			TD			NI			RT			10wt OL


																		0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637			20.5664447737


																		0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104			24.9304090736


																		0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436			29.1173155655


																		0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363			24.4415176608


																		0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673			25.2906406139


																		0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893			18.9257649287


																		0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915			14.1415026389


																					OL Carb			Re Carb


																		0.05			-5.5260160645			-6.4232156281


																		0.1			-5.9653572012			-2.0738620281


																		0.15			-7.3193951915			-7.1871048547


																		0.2			-8.1351085422			-5.687920969


																		0.25			-7.4186999967


																		0.3			-7.0884153899


																		0.4			-4.9694972343


									0.0280804675			0.014397916


			523


									0			0


			573


			0.164783597			0.0070670154			0.9853495359			0.0139958981


			0.3781003952			0.0081523723			2.1630954742			0.0134452734


			0.5994885564			0.008221084			8.848649025			0.0202832741


			0.8231534958			0.0078310728			26.7865333557			0.0235362353


			2.0760998726			0.0106046134			101.0040664673			0.0269089814


			8.8645172119			0.0220415501			200.4159088135			0.0291911088


			26.0433235168			0.0333945575			301.234161377			0.0327996106


			100.1325836182			0.067520488			400.7265930176			0.0327287281


			200.3945007324			0.1013528937			500.041015625			0.0329372639


			301.1845397949			0.1292401284			600.3865356445			0.0325490668


			400.9125366211			0.1583968106			699.7923583984			0.0394163971


			500.3812866211			0.1852283186			799.9729003906			0.0444376568


			600.4431762695			0.2111064925			899.7747192383			0.0478106036


			700.2141113281			0.2398483862


			799.9453125			0.2674210328


			899.7763671875			0.2962516962


									0.0483512622			0.0184380367








			0.0030959752


			0.0025125628


			0.0023640662


			0.0021141649


			0.0019120459


			0.0017452007





0


5.6815111193


3.6683592475


2.0896143069


2.9294850706


4.1271842117





			0			0			0			0


			0			0			0			0


			0			0			0			0





0.2


0.05


0.1


0.15


1/T (K-1)


ln P (Torr)


0


0


0


0


0


0


0


0


0


0


0


0





			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.05


0.1


0.15


1/T (K-1)


ln P (Torr)


5.6325803273


6.0636748216


6.3727567668


2.134665678


3.860839877


4.9852502477


5.5279586189


5.9798926159


6.3035365858


1.96593197


3.7429201574


4.8517775091


5.2654441041


5.7281046284


6.0514132429


1.8917070485


3.5943366564


4.6575170074





			0.2			0.1212968546			0.2			0			0			0


			0.25			0.1637679856			0.25			0			0			0


			0.3			0.2001604265			0.3			0			0			0


			0.4			0.2547496338			0.4			0			0			0


			0.45			0.309338841			0.45			0						0


			0.55			0.3639284122			0.55			0						0


			0.65			0.4185176194			0.65			0						0


						0.4731064627


						0.5276960339


						0.5822852411





Re/Al2O3


Pd/Al2O3


2wt% Re@Pd/Al2O3


10wt% Re@Pd/C


10wt% Re/C


10wt% Re@Pd/Al2O3


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


32.7851146538


61.7151159754


19.1315742181


0


0


0


39.8177433933


63.0794271008


23.2339129274


0


0


0


45.8571533346


61.8211870015


25.9658968703


0


0


0


50.6717428886


65.4730037064


27.6070077715


0


0


0


53.4293591915


63.031682289


27.5176188575


0


0


57.9843362761


60.6989840064


25.4746706578


0


0


51.9970019406


54.2086897394


24.111298589


0


0


51.1725514321


39.9395768772


29.9494355223





			373															Temp/C			Total			Reverse			Irrev																																	0.05			0.0382725691			-2.85


			0.0011540545			0.0138183044			0.1258512437			0.0948843889						100			0.539961029			0.2596469999			0.2803140291						0.0885782074			0.0425939366			0.0459842709						0.5191375193															0.1			0.0765451383			-1.03


			0.0016338198			0.0276959044			0.8031882048			0.1293748354						125			0.560244756			0.2900797154			0.2701650406						0.0919056627			0.0475862883			0.0443193744						0.4822268084															0.15			0.1148177074			6.42


			0.0018872898			0.0415883162			2.0525934696			0.1492128391						150			1.3064186992			0.4619785041			0.8444401951						0.2143121824			0.0757855207			0.1385266616						0.6463779152															0.2			0.1530902766			12.63


			0.0020217691			0.0554682694			5.1448297501			0.1706383878						200			0.5240739462			0.3847611595			0.1393127866						0.0859720021			0.0631183585			0.0228536436						0.2658265835															0.25			0.1913628457			17.07


			0.0021090899			0.0693407578			16.3122596741			0.1996655463						250			0.4779105302			0.3983235165			0.0795870137						0.0783990988			0.0653432029			0.0130558959						0.1665311992															0.3			0.2296354149			20.97


			0.0021570455			0.0832270284			50.0867156982			0.2319467863						300			0.470416145			0.3986173175			0.0717988275						0.0771696782			0.0653913996			0.0117782786						0.1526283234															0.35			0.267907984			23.46


			0.0021990088			0.0970984582			124.9770965576			0.2668587974																																																0.4			0.3061805532			24.44


			0.0022399714			0.1109810516			248.578704834			0.2992579222																																																0.45			0.3444531223			25.29


			0.0022677458			0.124876547			398.3861083984			0.3311397922																																																0.5			0.3827256915			25.45


			0.0022931229			0.1387593421			597.4122924805			0.358784861																																																0.55			0.4209982606			26


			0.0023440763			0.1526361048															T =			323			K																		T			1/T			Ln (P)			P						0.6			0.4592708297			25.82


			0.0023891367			0.1665122969															Row#			Qads (X)			P (M)			ln(P)						Q			0.4						323			0.0030959752			0.2144403968			1.2391682603						0.65			0.4975433989			18.74


			0.0024397899			0.1803765726															26			0.3744627704			0.5123781562			-0.6686923403						Qmax			1.3064186992						398			0.0025125628			-0.210894891			0.8098591859						0.7			0.535815968			8.81


			0.0025081285			0.1942473194															27			0.4144039054			2.0392022133			0.7125586594						coverage			0.3061805532						423			0.0023640662			-0.2056976648			0.8140791638


			0.0026191287			0.2081144466																																							473			0.0021141649			1.6408413716			5.1595087505


			0.002807358			0.2219786073															T =			398			K																		523			0.0019120459			3.033031791			20.760077492


			0.0031165779			0.2358214622															Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			3.4068905984			30.1712836156


			0.0036830641			0.2496631465															27			0.3913317341			0.6180567741			-0.4811749582


			0.0048815794			0.2634725603															28			0.4296951602			2.0442118645			0.7150123189


			0.0073303632			0.2771830562


			0.0120942481			0.2907512431															T =			423			K


			0.020550793			0.3040627847															Row#			Qads (X)			P (M)			ln(P)															50.1656900676


			0.0354866646			0.3169987224															3			0.3389159954			0.5734903216			-0.5560142185						Slopes			extrapolate ln(p)


			0.0629096478			0.3291443444															4			0.5550657668			1.9810043573			0.6836039673						0.0289166379			0.2144403968


			0.1036681309			0.3404392273			0.539961029			0.2596469999																								0.0320714213			-0.210894891


			0.5123781562			0.3744627704															T =			473			K									0.0357593875			1.6408413716


			2.0392022133			0.4144039054															Row#			Qads (X)			P (M)			ln(P)						0.0433905782			3.033031791


			5.0609102249			0.4414850035															23			0.3995026806			5.0882501602			1.6269339915						0.0375074258			3.4068905984


			15.8634471893			0.4732042976															24			0.4409461763			16.214214325			2.785888285


			51.3108406067			0.5144019955


			124.7018203735			0.5547222602															T =			523			K


			248.9899597168			0.5959434075															Row#			Qads (X)			P (M)			ln(P)


			399.055480957			0.6355837455															20			0.3904254063			16.6493492126			2.8123711293


			597.6058349609			0.6772140538															21			0.4400182567			52.2119636536			3.9553116574


			398																		T =			573			K


			0.0013191055			0.0137220726			0.1265842915			0.1082266388									Row#			Qads (X)			P (M)			ln(P)


			0.0018912876			0.0274770979			0.7956618667			0.1472356881									17			0.3751634177			15.5601453781			2.7447128618


			0.0021911159			0.0412540763			2.0592648983			0.1685904715									18			0.4203518344			51.9093399048			3.9494987336


			0.0023544692			0.0550209225			5.1582407951			0.1894869358


			0.0024464843			0.0688206953			16.8617763519			0.2238535808


			0.002512126			0.0825996562			50.6102218628			0.2581762462																											0.15


			0.0025602817			0.0963658082			124.5614471436			0.2935354373									0.05									0.1																		0.2									0.25									0.3									0.35


			0.0026028438			0.1101394712			249.3981628418			0.3267600783									1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


			0.0026352138			0.1239129945			399.0977478027			0.3541110504									0.0030959752			-6.2308996746						0.0030959752			-6.1158910631						0.0030959752			-6.0600386936						0.0030959752			-5.9702537063						0.0030959752			-5.5971381301						0.0030959752			-4.046667569						0.0030959752			-1.8175521922


			0.0026786756			0.1376640986			597.8789672852			0.3806283463									0.0025125628			-6.0776643082						0.0025125628			-5.9632878052						0.0025125628			-5.9060615802						0.0025125628			-5.8007342466						0.0025125628			-5.2177136289						0.0025125628			-3.6387749722						0.0025125628			-1.9793776878


			0.0027281307			0.151448957															0.0021141649			-6.0679854738						0.0021141649			-5.82687948						0.0021141649			-5.1715798036						0.0021141649			-3.9786775287						0.0021141649			-2.8167581181						0.0021141649			-1.3463049608						0.0021141649			0.2075987219


			0.0027748875			0.1652231433															0.0019120459			-5.7998875888						0.0019120459			-4.9585640864						0.0019120459			-3.7533257695						0.0019120459			-2.521165857						0.0019120459			-1.1666592429						0.0019120459			0.282939939						0.0019120459			1.7015936361


			0.0028410279			0.1789881007															0.0017452007			-5.4451351876						0.0017452007			-4.2414777932						0.0017452007			-2.8106068187						0.0017452007			-1.4436876309						0.0017452007			-0.2200952981						0.0017452007			0.8884653543						0.0017452007			2.0535406225


			0.002936142			0.1927328305


			0.0031073869			0.2064989289																																	0.5


			0.0033775419			0.2202399399															0.4									0.45																		0.55									0.6									0.65									0.7


			0.0039789975			0.2339720782															1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)


			0.0051332512			0.2476769116															0.0030959752			0.2144403968						0.0030959752			1.9282410169						0.0030959752			3.5275325319						0.0030959752									0.0030959752																		0.0030959752


			0.0070602074			0.2613125823															0.0025125628			-0.210894891						0.0025125628			1.4383080687						0.0025125628			3.1573117448						0.0025125628									0.0025125628									0.0025125628									0.0025125628


			0.0107281869			0.2748308605															0.0021141649			1.6408413716						0.0021141649			3.0057376726						0.0021141649			4.1910350441						0.0021141649									0.0021141649									0.0021141649									0.0021141649


			0.0170851313			0.2882132287															0.0019120459			3.033031791						0.0019120459			4.1638277525						0.0019120459			5.1670213876						0.0019120459									0.0019120459									0.0019120459									0.0019120459


			0.0276090018			0.3013451582															0.0017452007			3.4068905984						0.0017452007			4.6881249112						0.0017452007			6.120272253						0.0017452007									0.0017452007									0.0017452007									0.0017452007


			0.0405506864			0.3142988249


			0.0630003512			0.3266608977


			0.0950361416			0.3384563591


			0.1364393681			0.3496552312


			0.6180567741			0.3913317341


			2.0442118645			0.4296951602																																																																		Vol H2			Slopes


			5.0875558853			0.4552914018			0.560244756			0.2900797154																																																												0.2			-5672.8093021428


			16.5360298157			0.4882318869																																																																		0.25			-6606.0170230816


			51.510093689			0.5262435169																																																																		0.3			-6090.8022422071


			124.775894165			0.5620541596																																																																		0.4			-4859.6534227125


			248.4208984375			0.5945665																																																																		0.45			-4339.0807999819


			398.4709472656			0.6248982168																																																																		0.55			0


			597.5126342773			0.6475185242																																																																		0.65			0


			423																																																																								deltaH


			0.0350831971			0.1969825691			1.9885661602			0.2945047819																																																															47.166414104


			0.2551504076			0.271654525			4.8886480331			0.3391315262																																																															54.9255435699


			0.5734903216			0.3389159954			16.2211151123			0.3808540414																																																															50.6418047004


			1.9810043573			0.5550657668			52.0147628784			0.4229373836																																																															40.4054523128


			5.0776968002			0.8397631769			123.9094085693			0.4610106321																																																															36.0771658172


			15.4517593384			1.0953021026			248.9326629639			0.5044819231																																																															0


			49.8903121948			1.2265736639			398.870300293			0.5371355129																																																															0


			126.0198974609			1.3066536661			597.9901733398			0.567547548


			250.2637634277			1.3698777161


			398.9075927734			1.4192331691


			597.9309082031			1.4637691865


																		MPL Data


																		Pd									Re


																		Vol H2			delH						Vol H2			delH


																		0.1212968546			61.7151159754						0.2			39.2511282216


																		0.1637679856			63.0794271008						0.25			38.0187085185


																		0.2001604265			61.8211870015						0.3			40.0811716181


																		0.2547496338			65.4730037064						0.4			41.259844908


																		0.309338841			63.031682289						0.45			40.4655108575


																		0.3639284122			60.6989840064						0.55			39.1524490197


																		0.4185176194			54.2086897394						0.65			37.3465176277


																		0.4731064627			51.1725514321


																		0.5276960339			39.9395768772


																		0.5822852411			29.9494355223


									1.3064186992			0.4619785041						2%OL HT


																		Vol H2			delH


			473															0.2			19.1315742181


			0.001322303			0.0137209535			0.1016227826			0.1358806861						0.25			23.2339129274


			0.0019025765			0.0274742666			0.6866711378			0.1915120023						0.3			25.9658968703


			0.0022071009			0.0412548702			2.01989007			0.2244912848						0.4			27.6070077715


			0.0023810442			0.0550498333			5.1414175034			0.2545828965						0.45			27.5176188575


			0.002509628			0.0688594626			16.2091732025			0.2955740526						0.55			25.4746706578


			0.0026520975			0.0826796453			51.443775177			0.3399984363						0.65			24.111298589


			0.0028694021			0.0964817695			124.6107025146			0.3765971339


			0.0031876136			0.1103024213			250.0319061279			0.4127151272


			0.0037197315			0.124118267			399.7932128906			0.4410462874									Re			Ht			TD			NI			RT			Ni


			0.0044941315			0.1379096917			598.5847167969			0.4573550218						0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637			47.166414104


			0.0058595939			0.1516526739												0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104			54.9255435699


			0.0075497655			0.1654073233												0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436			50.6418047004


			0.0107753426			0.1790751565												0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363			40.4054523128


			0.0156722106			0.1926223727												0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673			36.0771658172


			0.021680871			0.2061353404												0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893


			0.0295857154			0.2195143823												0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915


			0.0403478667			0.2327255914


			0.0535532162			0.2457688146


			0.0743846446			0.2583706972


			0.1024637073			0.2705290592


			0.5673742294			0.3246524289


			1.9613023996			0.3652546684


			5.0882501602			0.3995026806


			16.214214325			0.4409461763


			51.6580200195			0.4886660415


			124.2593383789			0.529041542


			249.8143310547			0.5637165305


			399.8061828613			0.59063511


			598.3292236328			0.6205443709


									0.5240739462			0.3847611595


			523


			0.0015390068			0.0136852816			0.1140481457			0.1465549994


			0.0022649497			0.0274129763			0.6617665887			0.2064277298


			0.0027277314			0.0411695302			1.9961783886			0.2424008722


			0.0032094948			0.0549267315			5.1374540329			0.27404581


			0.0039019682			0.0686530938			16.8798446655			0.31376127


			0.0049249418			0.0823657094			51.7055053711			0.3592594617


			0.0064574527			0.0960517598			124.8369598389			0.4005136716


			0.0086315861			0.1096987811			249.7283630371			0.4365681968


			0.0120978486			0.1232792809			399.8918457031			0.4691199814


			0.0169152822			0.1367692117			599.3115844727			0.4947963315


			0.0235306956			0.1501572165


			0.0322132297			0.1633860645


			0.0442307517			0.1764281817


			0.0604204945			0.1892164228


			0.083766751			0.2015667898


			0.113836728			0.2135280521


			0.5422139168			0.270098808


			1.9628725052			0.3130781428


			5.1119427681			0.3474519208


			16.6493492126			0.3904254063


			52.2119636536			0.4400182567


			128.2297058105			0.4830303413


			250.4671630859			0.5193053457


			399.2657775879			0.5531655278


			599.0361938477			0.5814847443


									0.4779105302			0.3983235165


			573


			0.0018435305			0.0136691845			0.1076468378			0.120988436


			0.0028100549			0.0274259541			0.5339522958			0.1812648442


			0.0036357075			0.0411641371			2.0295825005			0.2394679322


			0.0047476008			0.0548864818			5.0941081047			0.2780828036


			0.0062885052			0.0685903321			16.4273796082			0.3190308242


			0.0087606665			0.082230923			52.2217178345			0.3619154464


			0.0128498645			0.0957648999			127.9096679688			0.402097409


			0.0183922481			0.1092112724			250.2017364502			0.4348810363


			0.0280394144			0.1224136081			400.3089599609			0.4606252366


			0.0410875939			0.1354030546			599.2884521484			0.4874277317


			0.0567917824			0.1482119761


			0.0840225369			0.1603379409


			0.1153353676			0.1722055095


			0.526306808			0.2311161047


			2.0318715572			0.2915958869


			5.037358284			0.3341026189


			15.5601453781			0.3751634177


			51.9093399048			0.4203518344


			127.9880828857			0.4565753594


			250.6314697266			0.48289039


			400.6555175781			0.4981330799


			599.4552612305			0.5040481285


									0.470416145			0.3986173175








			0.0030959752


			0.0025125628


			0.0023640662


			0.0021141649


			0.0019120459


			0.0017452007





0


5.6815111193


3.6683592475


2.0896143069


2.9294850706


4.1271842117





			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0





0.2


0.25


0.3


0.4


0.45


0.5


0.2


0.25


0.3


0.4


0.45


0.5


1/T (K-1)


ln P (Torr)


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.4


0.45


0.55


0.65


0.2


0.25


0.3


0.4


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)


-4.1575308293


-3.3530069496


-2.56596474


-1.1866834192


-0.5598664302


0.3822540134


1.457237378


-3.767292863


-2.645799591


-1.7849186552


-0.2457216283


0.3641114532


1.5248769625


2.5166256814


-2.675876684


-1.5688841755


-0.5090320855


1.0810794824


1.8358000963


2.9729483988


3.7781346962





			0.2			0.1212968546			0.2			0


			0.25			0.1637679856			0.25			0


			0.3			0.2001604265			0.3			0


			0.4			0.2547496338			0.4			0


			0.45			0.309338841			0.45			0


			0.55			0.3639284122			0.55


			0.65			0.4185176194			0.65


						0.4731064627


						0.5276960339


						0.5822852411





10wt% Re Batch 2


Pd


2wt% Re@Pd


5wt% Ni/Al2O3


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


32.7851146538


61.7151159754


19.1315742181


0


39.8177433933


63.0794271008


23.2339129274


0


45.8571533346


61.8211870015


25.9658968703


0


50.6717428886


65.4730037064


27.6070077715


0


53.4293591915


63.031682289


27.5176188575


0


57.9843362761


60.6989840064


25.4746706578


51.9970019406


54.2086897394


24.111298589


51.1725514321


39.9395768772


29.9494355223





			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0			0


			0			0


			0			0


			0			0


			0			0


			0			0


						0





373


398


473


523


573


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





			373															Temp/C			Total			Reverse			Irrev																																	0.05			0.1621460173			-2.85


			0.0012023117			0.0138064273			0.1617999971			0.0672917093						100			0.2801848212			0.1352993756			0.1448854456						0.0459630749			0.0221952613			0.0237678135						0.5171066905															0.1			0.3242920347			-1.03


			0.0017951751			0.027629875			0.9501188993			0.0831395614						150			0.2952186083			0.2048274266			0.0903911817						0.0484293008			0.0336010292			0.0148282717						0.3061838893															0.15			0.486438052			6.42


			0.0021388636			0.0414778771			2.0200650692			0.0894378555						200			0.308364034			0.21960255			0.088761484						0.0505857495			0.0360248225			0.014560927						0.2878464224															0.2			0.6485840694			12.63


			0.0023847406			0.055329636			5.0487108231			0.0973601393						250			0.2778557644			0.2259157501			0.0519400143						0.0455810035			0.0370604749			0.0085205285						0.18693157															0.25			0.8107300867			17.07


			0.0026242249			0.0692001655			16.6382160187			0.1083492634						300			0.2809368299			0.2387745303			0.0421622995						0.0460864386			0.0391699007			0.0069165379						0.1500775087															0.3			0.9728761041			20.97


			0.0029309471			0.0830483255			51.1175308228			0.1203320794																																																0.35			1.1350221214			23.46


			0.0034300941			0.0968909546			125.8782501221			0.1343114018																																																0.4			1.2971681388			24.44


			0.0042005973			0.1107215154			249.6876983643			0.1482569577																																																0.45			1.4593141561			25.29


			0.0054718456			0.1245198757			400.0345153809			0.1602800782																																																0.5			1.6214601735			25.45


			0.0076097092			0.1382610465			599.1265869141			0.172712655																																																0.55			1.7836061908			26


			0.0115266647			0.1518802958															T =			323			K																		T			1/T			Ln (P)			P						0.6			1.9457522082			25.82


			0.0188445412			0.1653226273															Row#			Qads (X)			P (M)			ln(P)						Q			0.4						323			0.0030959752			0			0						0.65			2.1078982255			18.74


			0.0329092965			0.1783303858															24			0.3191652382			599.3173217773			6.3957912104						Qmax			0.308364034						398			0.0025125628			0			0						0.7			2.2700442429			8.81


			0.0639358088			0.190284882															25			0			0			0						coverage			1.2971681388						423			0.0023640662			0			0


			0.1331222802			0.199885892																																							473			0.0021141649			0			0


			0.5638537407			0.214711823															T =			398			K																		523			0.0019120459			0			0


			2.1114788055			0.2278371893															Row#			Qads (X)			P (M)			ln(P)															573			0.0017452007			0			0


			5.0148215294			0.2378704212															0			0			0			0


			16.643699646			0.2502323064															0			0			0			0


			52.9510307312			0.2624968664


			125.6016845703			0.2768126897															T =			423			K


			250.0849609375			0.2936420213															Row#			Qads (X)			P (M)			ln(P)															0


			400.3203430176			0.306222203															23			0.3747010187			599.7391967773			6.3964948887						Slopes			extrapolate ln(p)


			599.3173217773			0.3191652382															24			0			0			0						0			0


									0.2801848212			0.1352993756																								0			0


																					T =			473			K									0			0


																					Row#			Qads (X)			P (M)			ln(P)						0			0


																					20			0.3537568609			600.3089599609			6.397444456						0			0


																					21			0			0			0


																					T =			523			K


																					Row#			Qads (X)			P (M)			ln(P)


																					17			0.3121193978			603.9927978516			6.4035622738


																					18			0			0			0


			398																		T =			573			K


																					Row#			Qads (X)			P (M)			ln(P)


																					16			0.3204431507			604.799987793			6.4048978047


																					17			0			0			0


												0.0025125628


																					0.05									0.1									0.15									0.2									0.25									0.3									0.35


																					1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


																					0.0030959752			-6.0805331137						0.0030959752			-5.6296152761						0.0030959752			-4.5204207035						0.0030959752			-2.0053770461						0.0030959752			2.789488045						0.0030959752			5.7595717143						0.0030959752


																					0.0023640662			-6.176249438						0.0023640662			-5.235855784						0.0023640662			-3.5134430592						0.0023640662			-0.8853192511						0.0023640662			2.6416766664						0.0023640662			4.9594784366						0.0023640662


																					0.0021141649			-5.613366175						0.0021141649			-3.6654735594						0.0021141649			-1.7335779466						0.0021141649			0.3791737371						0.0021141649			3.0710374966						0.0021141649			5.0813627267						0.0021141649


																					0.0019120459			-4.3298320797						0.0019120459			-2.0630836117						0.0019120459			-0.1449256068						0.0019120459			1.7033546085						0.0019120459			4.1015795927						0.0019120459			5.9762155357						0.0019120459


																					0.0017452007			-4.0955456516						0.0017452007			-1.5787429681						0.0017452007			0.4064344307						0.0017452007			2.0827984269						0.0017452007			3.9769294084						0.0017452007			5.7821588225						0.0017452007


																					0.4									0.45									0.5									0.55									0.6									0.65									0.7


																					1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T			apx ln(p)						1/T


																					0.0030959752									0.0030959752									0.0030959752									0.0030959752									0.0030959752																		0.0030959752


																					0.0023640662									0.0023640662									0.0023640662									0.0023640662									0.0023640662									0.0023640662									0.0023640662


																					0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649									0.0021141649


																					0.0019120459									0.0019120459									0.0019120459									0.0019120459									0.0019120459									0.0019120459									0.0019120459


																					0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007									0.0017452007


									0			0


																																																																								Vol H2			Slopes


																																																																								0.2			-4684.6416543769			0.05			-4191.5871995202


																																																																								0.25			-2547.2432944405			0.1			-5734.7394964144


																																																																								0.3			-1987.3550700316			0.15			-5871.7561724606


																																																																								0.4			0


																																																																								0.45			0


																																																																								0.55			0


			423																																																																					0.65			0


			0.0010549448			0.0139238798			0.1157989651			0.0967683796


			0.0015670812			0.0278776131			0.9051958919			0.1265947201																																																															deltaH


			0.0018980801			0.0418430063			1.973102212			0.1363697124																																																															38.9503218654						34.850834406


			0.0022168916			0.0558121154			5.0211791992			0.1475837646																																																															21.1789830488						47.6813309702


			0.0026555955			0.0697556468			17.0666999817			0.1631114509																																																															16.5238080838						48.8205522868


			0.0034167052			0.0836876694			52.5210647583			0.1799182045																																																															0


			0.0049314336			0.0975810678			126.5522232056			0.1960854305																																																															0


			0.0076221973			0.1113910971			250.626663208			0.2131086437																																																															0


			0.0121251196			0.1250948236			400.4707946777			0.2303069649																																																															0


			0.0194705669			0.1386435212			599.9214477539			0.2429968055


			0.0319540687			0.1518683446


			0.0550425723			0.1644439094


			0.0940102786			0.1759978879


			0.1571066529			0.1860917223												MPL Data


			0.5902799368			0.2051593406												Pd									Re


			2.0574612617			0.2229896733												Vol H2			delH						Vol H2			delH


			5.0055732727			0.2349193572												0.1212968546			61.7151159754						0.2			39.2511282216


			16.6537818909			0.2525003733												0.1637679856			63.0794271008						0.25			38.0187085185


			52.5981216431			0.2723975784												0.2001604265			61.8211870015						0.3			40.0811716181


			126.1299438477			0.2955336215												0.2547496338			65.4730037064						0.4			41.259844908


			250.9988250732			0.3206918489												0.309338841			63.031682289						0.45			40.4655108575


			400.5740966797			0.3483060085												0.3639284122			60.6989840064						0.55			39.1524490197


			599.7391967773			0.3747010187												0.4185176194			54.2086897394						0.65			37.3465176277


																		0.4731064627			51.1725514321


																		0.5276960339			39.9395768772


									0.2952186083			0.2048274266						0.5822852411			29.9494355223


			473															2%OL HT


			0.0011777323			0.0139313265			0.1395476609			0.0951600483						Vol H2			delH


			0.0018872898			0.0278895075			0.743119657			0.1338790365						0.2			19.1315742181


			0.0027630974			0.0418345039			2.0782544613			0.15222035						0.25			23.2339129274


			0.0044319853			0.055710936			5.0087976456			0.1649536938						0.3			25.9658968703


			0.0075576566			0.0695264595			16.8493804932			0.1845838678						0.4			27.6070077715


			0.0129676582			0.0831899562			52.7406921387			0.2038056953						0.45			27.5176188575


			0.0224724524			0.0966037773			128.8224182129			0.2230738062						0.55			25.4746706578


			0.0370939076			0.1096973992			250.8125			0.2390435332						0.65			24.111298589


			0.0602710322			0.122266588			400.5769042969			0.2556510348


			0.0963397846			0.1340293647			600.5865478516			0.2736501868


			0.1446805			0.1450413424															Re			Ht			TD			NI			RT			10wt OL			Ni


			0.5401393175			0.1777588642												0.2			39.2511282216			19.1315742181			4.4192697887			18.5546857459			13.4695486637			20.5664447737			47.166414104


			2.0093150139			0.2071213547												0.25			38.0187085185			23.2339129274			8.9320162653			24.0489862286			21.2324894104			24.9304090736			54.9255435699


			4.9485077858			0.223492906												0.3			40.0811716181			25.9658968703			14.5536694899			30.3561815311			31.0243893436			29.1173155655			50.6418047004


			16.6281242371			0.2445852												0.4			41.259844908			27.6070077715			23.3475563177			36.8345447155			30.5667305363			24.4415176608			40.4054523128


			52.366645813			0.2684817603												0.45			40.4655108575			27.5176188575			21.7251922338			33.2668330186			27.9867775673			25.2906406139			36.0771658172


			128.8356781006			0.2919369119												0.55			39.1524490197			25.4746706578			20.4311069956			27.6522878158			23.5903981893			18.9257649287


			251.0796203613			0.3160812146												0.65			37.3465176277			24.111298589			17.2601219284			27.9351754078			17.2747504915			14.1415026389


			401.0348815918			0.3386885971


			600.3089599609			0.3537568609															OL Carb			Re Carb			Co


																		0.05			-5.5260160645			-6.4232156281			34.850834406


																		0.1			-5.9653572012			-2.0738620281			47.6813309702


																		0.15			-7.3193951915			-7.1871048547			48.8205522868


																		0.2			-8.1351085422			-5.687920969			38.9503218654


																		0.25			-7.4186999967						21.1789830488


																		0.3			-7.0884153899						16.5238080838


																		0.4			-4.9694972343


									0.308364034			0.21960255


			523


			0.0019065741			0.013748581			0.1090392694			0.0706780323


			0.0039443308			0.0274877344			0.6190131903			0.1112934384


			0.0082271518			0.0410881608			2.0384471416			0.1424668608


			0.016659718			0.0544526777			4.8999681473			0.1624685227


			0.0312279277			0.0674309175			16.713842392			0.1826282938


			0.0544171259			0.0798905187			52.7323417664			0.2043815293


			0.0905715898			0.0915826809			129.8416290283			0.2228343404


			0.1401918828			0.1024451598			254.0156555176			0.2398221344


			0.5250748396			0.1359566994			403.967590332			0.2527337807


			1.9881944656			0.1734056252			603.9236450195			0.2660081812


			5.1876664162			0.1988215768


			16.6953086853			0.2229564492


			52.5630073547			0.2467646468


			129.64112854			0.267691795


			254.3915100098			0.2865266843


			403.8859863281			0.3007676293


			603.9927978516			0.3121193978


									0.2778557644			0.2259157501


			573


			0.002129273			0.0137230735			0.1498682052			0.0681423271


			0.0046396991			0.0274024704			0.6832889915			0.1022032672


			0.0099847615			0.04093159			2.0496153831			0.1297817503


			0.0209933966			0.0541159301			4.8606324196			0.1529498928


			0.0430162475			0.0666200693			17.3047065735			0.1868117634


			0.0760848224			0.0784760255			53.3691482544			0.2138365797


			0.1292215884			0.0891401817			129.6489868164			0.2350091826


			0.5807939768			0.1240523491			254.6581573486			0.2521761


			2.0023603439			0.1578650002			404.6298828125			0.2663714483


			5.1241726875			0.1879178638			604.9509887695			0.280033922


			16.4699840546			0.2193479517


			53.0406417847			0.2498524477


			129.9716339111			0.272377702


			254.9571838379			0.291972232


			405.4788208008			0.3074232331


			604.799987793			0.3204431507


									0.2809368299			0.2387745303


			308															323															348															373															423															473


			0.0058193309			0.0135151301			0.1129821166			0.0316683039						0.0027644965			0.0138084241			0.1979183853			0.0395821982						0.0012183975			0.0139439443			0.1164866313			0.0446522589						0.0012023117			0.0138064273			0.1617999971			0.0672917093						0.0010549448			0.0139238798			0.1157989651			0.0967683796						0.0011777323			0.0139313265			0.1395476609			0.0951600483


			0.0161900409			0.0267758628			0.7712974548			0.0428144284						0.0070780925			0.0275287553			0.8880828619			0.0491687079						0.0021006986			0.0278993205			0.8397783041			0.0610131284						0.0017951751			0.027629875			0.9501188993			0.0831395614						0.0015670812			0.0278776131			0.9051958919			0.1265947201						0.0018872898			0.0278895075			0.743119657			0.1338790365


			0.0249019526			0.0401128166			2.0052707195			0.0489499908						0.0106255785			0.0413119963			2.0237927437			0.0548766487						0.0028015636			0.0418498971			2.0039670467			0.0679270264						0.0021388636			0.0414778771			2.0200650692			0.0894378555						0.0018980801			0.0418430063			1.973102212			0.1363697124						0.0027630974			0.0418345039			2.0782544613			0.15222035


			0.0345767885			0.0533918247			5.0454611778			0.0553112834						0.0138694402			0.0551048874			5.0462121964			0.0614708151						0.0034799508			0.0558154771			5.0553965569			0.0751671143						0.0023847406			0.055329636			5.0487108231			0.0973601393						0.0022168916			0.0558121154			5.0211791992			0.1475837646						0.0044319853			0.055710936			5.0087976456			0.1649536938


			0.0465057977			0.0665252706			16.5376033783			0.0619788611						0.0183529798			0.0688251963			16.8900947571			0.0716233979						0.0043180911			0.0697795711			16.8577384949			0.087382187						0.0026242249			0.0692001655			16.6382160187			0.1083492634						0.0026555955			0.0697556468			17.0666999817			0.1631114509						0.0075576566			0.0695264595			16.8493804932			0.1845838678


			0.0648180097			0.0792736241			51.3324699402			0.0720622347						0.0238278266			0.0824865093			50.3439254761			0.0818713273						0.0054261885			0.0837022115			50.3860168457			0.0985759183						0.0029309471			0.0830483255			51.1175308228			0.1203320794						0.0034167052			0.0836876694			52.5210647583			0.1799182045						0.0129676582			0.0831899562			52.7406921387			0.2038056953


			0.0863291323			0.0918371535			125.105758667			0.0829257763						0.0302759856			0.0960915948			125.4083251953			0.0945540412						0.0072030788			0.0975982484			124.9903411865			0.1116355265						0.0034300941			0.0968909546			125.8782501221			0.1343114018						0.0049314336			0.0975810678			126.5522232056			0.1960854305						0.0224724524			0.0966037773			128.8224182129			0.2230738062


			0.114518404			0.1039538464			249.1330566406			0.096530836						0.0388043709			0.1095341893			249.4924621582			0.1091536653						0.0092207519			0.1114546669			249.751953125			0.1272344596						0.0042005973			0.1107215154			249.6876983643			0.1482569577						0.0076221973			0.1113910971			250.626663208			0.2131086437						0.0370939076			0.1096973992			250.8125			0.2390435332


			0.4966810346			0.1488565598			399.4295349121			0.1112045304						0.0500354953			0.1228128838			399.8443603516			0.1240172913						0.011767447			0.125323431			400.0243835449			0.1431488352						0.0054718456			0.1245198757			400.0345153809			0.1602800782						0.0121251196			0.1250948236			400.4707946777			0.2303069649						0.0602710322			0.122266588			400.5769042969			0.2556510348


			2.0429913998			0.1775229748			598.3636474609			0.1276683277						0.0659381002			0.1358247759			598.579284668			0.1392944307						0.0156723093			0.139083753			599.2432861328			0.1524136445						0.0076097092			0.1382610465			599.1265869141			0.172712655						0.0194705669			0.1386435212			599.9214477539			0.2429968055						0.0963397846			0.1340293647			600.5865478516			0.2736501868


			4.9517402649			0.1894916248												0.0902706534			0.1483017212												0.0200935043			0.152809375												0.0115266647			0.1518802958												0.0319540687			0.1518683446												0.1446805			0.1450413424


			17.2808952332			0.1973024042												0.1316338181			0.1597111167												0.0275098942			0.166366837												0.0188445412			0.1653226273												0.0550425723			0.1644439094												0.5401393175			0.1777588642


			51.8773193359			0.2065112341												0.6115974188			0.1917145668												0.0432775132			0.1793785767												0.0329092965			0.1783303858												0.0940102786			0.1759978879												2.0093150139			0.2071213547


			125.3126602173			0.2185766964												2.0692591667			0.2065657729												0.0673651025			0.1918733007												0.0639358088			0.190284882												0.1571066529			0.1860917223												4.9485077858			0.223492906


			249.5275115967			0.2338159161												4.985127449			0.2174048922												0.1211040616			0.2024905626												0.1331222802			0.199885892												0.5902799368			0.2051593406												16.6281242371			0.2445852


			399.517791748			0.2524380312												17.1167488098			0.2285416022												0.5108926296			0.2204951493												0.5638537407			0.214711823												2.0574612617			0.2229896733												52.366645813			0.2684817603


			598.2376708984			0.2695712345												52.4227180481			0.2427229083												2.1161441803			0.2329701968												2.1114788055			0.2278371893												5.0055732727			0.2349193572												128.8356781006			0.2919369119


																		126.1286468506			0.2590872504												5.0347261429			0.241114174												5.0148215294			0.2378704212												16.6537818909			0.2525003733												251.0796203613			0.3160812146


																		249.1528015137			0.2790163476												17.0407581329			0.2539214585												16.643699646			0.2502323064												52.5981216431			0.2723975784												401.0348815918			0.3386885971


																		399.0136108398			0.2999294506												50.8650588989			0.269325668												52.9510307312			0.2624968664												126.1299438477			0.2955336215												600.3089599609			0.3537568609


																		598.6351318359			0.3201254207												125.7708969116			0.2873175409												125.6016845703			0.2768126897												250.9988250732			0.3206918489


																																	250.1852722168			0.3086176754												250.0849609375			0.2936420213												400.5740966797			0.3483060085


																																	399.9629516602			0.3288575345												400.3203430176			0.306222203												599.7391967773			0.3747010187


																																	598.9464111328			0.3492164436												599.3173217773			0.3191652382


			Irreversible Adsorp


			35			0.1419029068


			50			0.18083099


			75			0.1968027991


			100			0.1464525833


			150			0.1317042132


			200			0.0801066741








			0.0030959752


			0.0025125628


			0.0023640662


			0.0021141649


			0.0019120459


			0.0017452007





0


5.6815111193


3.6683592475


2.0896143069


2.9294850706


4.1271842117





			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.4


0.45


0.55


0.65


0.2


0.25


0.3


0.4


0.45


0.55


0.65


1/T (K-1)


ln P (Torr)


-4.1575308293


-3.3530069496


-2.56596474


-1.1866834192


-0.5598664302


0.3822540134


1.457237378


-3.767292863


-2.645799591


-1.7849186552


-0.2457216283


0.3641114532


1.5248769625


2.5166256814


-2.675876684


-1.5688841755


-0.5090320855


1.0810794824


1.8358000963


2.9729483988


3.7781346962





			0			0.1212968546			0.2			0.2


			0			0.1637679856			0.25			0.25


			0			0.2001604265			0.3			0.3


			0			0.2547496338			0.4			0.4


			0			0.309338841			0.45			0.45


			0			0.3639284122			0.55


						0.4185176194			0.65


						0.4731064627


						0.5276960339


						0.5822852411





5wt% Co/Al2O3


Pd


2wt% Re@Pd


5wt% Ni/Al2O3


Volume H2 Adsorbed, cm3/g


Heat of Adsorption, kJ/mol


0


61.7151159754


19.1315742181


47.166414104


0


63.0794271008


23.2339129274


54.9255435699


0


61.8211870015


25.9658968703


50.6418047004


0


65.4730037064


27.6070077715


40.4054523128


0


63.031682289


27.5176188575


36.0771658172


0


60.6989840064


25.4746706578


54.2086897394


24.111298589


51.1725514321


39.9395768772


29.9494355223





			0


			0


			0


			0


			0


			0





0


0


0


0


0


0





			0.0030959752


			0.0025125628


			0.0023640662


			0.0021141649


			0.0019120459


			0.0017452007





0


5.6815111193


3.6683592475


2.0896143069


2.9294850706


4.1271842117





			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.05


0.1


0.15


1/T (K-1)


ln P (Torr)


5.6325803273


6.0636748216


6.3727567668


2.134665678


3.860839877


4.9852502477


5.5279586189


5.9798926159


6.3035365858


1.96593197


3.7429201574


4.8517775091


5.2654441041


5.7281046284


6.0514132429


1.8917070485


3.5943366564


4.6575170074





			0			0.0030959752			0.0030959752			0.0030959752			0.0030959752			0.0030959752


			0			0.0025125628			0.0025125628			0.0025125628			0.0025125628			0.0025125628


			0			0.0021141649			0.0021141649			0.0021141649			0.0021141649			0.0021141649


			0			0.0019120459			0.0019120459			0.0019120459			0.0019120459			0.0019120459


			0			0.0017452007			0.0017452007			0.0017452007			0.0017452007			0.0017452007





0.2


0.25


0.3


0.4


0.45


0.5


0.2


0.25


0.3


0.4


0.45


0.5


1/T (K-1)


ln P (Torr)


0


-5.5971381301


-4.046667569


0.2144403968


1.9282410169


3.5275325319


0


-5.2177136289


-3.6387749722


-0.210894891


1.4383080687


3.1573117448


0


-2.8167581181


-1.3463049608


1.6408413716


3.0057376726


4.1910350441


0


-1.1666592429


0.282939939


3.033031791


4.1638277525


5.1670213876


0


-0.2200952981


0.8884653543


3.4068905984


4.6881249112


6.120272253







oleObject8.bin

Chart1


			0.00330033			0.00330033


			0.0033557047			0.0033557047


			0.0034129693			0.0034129693


			0.0034722222			0.0034722222


			0.0035335689			0.0035335689


			0.0035971223			0.0035971223





0.1wt% Pd/C


10wt% Re@Pd/C


.1wt%Pd/C


10%OL Carbon (2nd run)


1/T


TOF


2.2046943941


0.7672767504


1.4030153634


0.5482309367


0.8778464633


0.4083334687


0.570561576


0.3279113605


0.3789953424


0.2815592531


0.2489974384


0.2526210579





Requested Graphs


			


						Apparent Activation Energy, kJ/mol			Reaction Order


			Catalyst


			10wt%Re/Al2O3			103


			0.1wt%Pd/Al2O3			76.1			1.0			-0.11


			2wt% Re@Pd/Al2O3			78.3			1.1			-0.12


			10wt% Re@Pd/Al2O3			81.5			1.1			-0.13


			10wt% Re@Pd/C			36.7			0.8			-0.08


			0.1wt%Pd/C (100%)			61			1.0			-0.07








Requested Graphs


			0.00330033			0.00330033


			0.0033557047			0.0033557047


			0.0034129693			0.0034129693


			0.0034722222			0.0034722222


			0.0035335689			0.0035335689


			0.0035971223			0.0035971223





0.1wt% Pd/C


10wt% Re@Pd/C


.1wt%Pd/C


10%OL Carbon (2nd run)


1/T


TOF


2.2046943941


0.7672767504


1.4030153634


0.5482309367


0.8778464633


0.4083334687


0.570561576


0.3279113605


0.3789953424


0.2815592531


0.2489974384


0.2526210579





Temp


			2wt%OL Al2O3 MPL


			1/T			TOF			LN(TOF)			Act Energ			Without Tail


			0.00330033			0.7792920393			-0.2493694134


			0.0033557047			0.4464277482			-0.8064777099


			0.0034129693			0.2040058077			-1.5896068162


			0.0034722222			0.1419604275			-1.9522069396


			0.0035335689			0.0887079803			-2.4224054246


			0.0035971223			0.053430106			-2.92938091


			0.0036630037			0.0375756006			-3.2814003589


			0.0037313433			0.0289022291			-3.5438365543			63.8883498432			78.1405467098


			10wt%OL Al2O3


			1/T			TOF			LN(TOF)


			0.00330033			0.9310238662			-0.0714703671


			0.0033557047			0.5076317866			-0.6779989238


			0.0034129693			0.2838370311			-1.2593550396


			0.0034722222			0.1647062193			-1.8035918812


			0.0035335689			0.0915468987			-2.3909038836


			0.0035971223			0.049942113			-2.9968906839


			0.0036630037			0.02576156			-3.6588718208


			0.0037313433			0.0129277383			-4.3483800168			81.4686673075


			0.1%Pd


			1/T			TOF			LN(TOF)


			0.00330033			1.6757847459			0.5162815606


			0.0033557047			0.946842836			-0.0546221595


			0.0034129693			0.5342658589			-0.6268617008


			0.0034722222			0.3146697721			-1.1562315325


			0.0035335689			0.1910293024			-1.6553284469


			0.0035971223			0.1287918047			-2.0495580956


			0.0036630037			0.0987008102			-2.3156621242


			0.0037313433			0.0870485134			-2.44128969			58.7417125034			77.5706142997


			10%OL Carbon			TOF			LN(TOF)


			0.00330033			3.8573212987			1.3499729785


			0.0033557047			2.486921635			0.9110456545


			0.0034129693			1.5544908341			0.4411480542


			0.0034722222			1.4235050202			0.3531221544


			0.0035335689			1.0548510211			0.0533995447


			0.0035971223			0.7944287031			-0.2301320351


			0.0036630037			0.6218554937			-0.4750475384


			0.0037313433			0.5455431297			-0.6059734123			36.690437175


			21%Re-1%Pd Bi/Al2O3


			1/T			TOF			Ln(TOF)


			0.00330033			6.8782118216			1.9283587085


			0.0033557047			4.012869086			1.3895064683


			0.0034129693			2.3944553799			0.8731558062


			0.0034722222			1.4272505204			0.3557498805


			0.0035335689			0.8430994656			-0.1706703378


			0.0035971223			0.4672161358			-0.7609633108


			0.0036630037			0.2710538226			-1.3054378706


			0.0037313433			0.168400623			-1.7814094774			72.1147760384


			5wt%Pt/Al2O3			TOF			LN(TOF)


			0.00330033			0.1235243666			-2.0913168417


			0.0033557047			0.0836921832			-2.4806096964


			0.0034129693			0.0849525694			-2.4656621855


			0.0034722222			0.0685432004			-2.6802910695


			0.0035335689			0.0552734002			-2.8954634951


			0.0035971223			0.053088444			-2.935796002


			0.0036630037			0.0304770422			-3.490781592


			0.0037313433			0.0295667431			-3.5211050943			26.8796017848			22.6553605635


			.1wt%Pd/C			TOF			LN(TOF)									TOF 40%disp


			0.00330033			2.2046943941			0.7905889025									1.0031359493


			0.0033557047			1.4030153634			0.3386237515									0.6383719904


			0.0034129693			0.8778464633			-0.1302835715									0.3994201408


			0.0034722222			0.570561576			-0.5611341821									0.2596055171


			0.0035335689			0.3789953424			-0.9702313631									0.1724428808


			0.0035971223			0.2489974384			-1.39031267									0.1132938345


			0.0036630037			0.1943431728			-1.6381297508									0.0884261436


			0.0037313433			0.1531501083			-1.8763367388			52.4251944939			61.0222284946			0.0696832993


			10%OL Carbon (2nd run)			TOF			LN(TOF)


			0.00330033			0.7672767504			-0.2649077208


			0.0033557047			0.5482309367			-0.6010586634


			0.0034129693			0.4083334687			-0.8956711132


			0.0034722222			0.3279113605			-1.1150119496


			0.0035335689			0.2815592531			-1.267412363


			0.0035971223			0.2526210579			-1.3758647081


			0.0036630037			0.2243784205			-1.4944212754


			0.0037313433			0.1953890372			-1.6327626456			24.9377245586








Temp


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





10wt% Re@Pd/Al2O3


0.1wt% Pd/Al2O3


2wt% Re@Pd/Al2O3


10wt% Re@Pd/C


2wt% OL Al2O3


10wt% OL Al2O3


0.1wt% Pd Al2O3


10wt% OL Carbon


1/T


TOF


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





H2


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


			0			0			0			0			0			0


												0			0			0


												0			0			0





0.1wt% Pd/Al2O3


2wt% Re@Pd/Al2O3


21wt% Re-1wt% Pd/Al2O3


2wt% OL Al2O3


0.1wt% Pd Al2O3


21%Re-1%Pd Bi/Al2O3


5wt% Pt/Al2O3


.1wt%Pd/C


10%OL Carbon (2nd run)


1/T


TOF


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





Eth


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0


			0			0			0			0





10wt% Re@Pd/Al2O3


0.1wt% Pd/C


10wt%Re@Pd/C #2


10wt% Re@Pd/C #1


10wt% OL Al2O3


10wt% OL Carbon


.1wt%Pd/C


10%OL Carbon (2nd run)


1/T


TOF


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0


0





MPL


			0			0


			0			0


			0			0


			0			0


			0			0


			0			0





10wt% Re@Pd/C


0.1wt% Pd/C


10wt% Re@Pd/C #2


0.1wt% Pd/C 100%


1/T


TOF


0


0


0


0


0


0


0


0


0


0


0


0





			0			0


			0			0


			0			0


			0			0


			0			0


			0			0





0.1wt% Pd/C


10wt% Re@Pd/C


.1wt%Pd/C


10%OL Carbon (2nd run)


1/T


TOF


0


0


0


0


0


0


0


0


0


0


0


0





			10wt% OL Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.1			0.2378355772			-2.302585093			-1.436175696


			0.2			0.4679910611			-1.6094379124			-0.7593060834


			0.3			0.7463498424			-1.2039728043			-0.2925608311


			0.4			1.0762306687			-0.9162907319			0.0734648149


			0.5			1.4993204014			-0.6931471806			0.4050119397


												Rxn Order


												1.1328579999


			10wt% OL Carbon


			Vol Frac			TOF			lnvol			lntof


			0.1			0.6730138141			-2.302585093			-0.3959894234


			0.2			1.0008473589			-1.6094379124			0.0008470001


			0.3			1.2960124353			-1.2039728043			0.259292193


			0.4			1.7907438663			-0.9162907319			0.5826311013


			0.5			2.3721880558			-0.6931471806			0.8638127595


												Rxn Order


												0.7604562291


			21wt%Re-1wt%Pd/Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.1			0.5298816479			-2.302585093			-0.6351016032


			0.2			1.0009998026			-1.6094379124			0.0009993032


			0.3			1.5422082631			-1.2039728043			0.4332153264


			0.4			2.1250113875			-0.9162907319			0.7537771612


			0.5			2.8446753539			-0.6931471806			1.04544895


												Rxn Order


												1.0360723459


			5wt% pt/Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.1			0.0198095236			-2.302585093			-3.9215924655


			0.2			0.0315091248			-1.6094379124			-3.4574780991


			0.3			0.0409271653			-1.2039728043			-3.1959612472


			0.4			0.0512889719			-0.9162907319			-2.970279522


			0.5			0.0633938153			-0.6931471806			-2.7583889732


												Rxn Order


												0.7093611216


			0.1wt% Pd/C


			Vol Frac			TOF			lnvol			lntof


			0.1			0.2537034182			-2.302585093			-1.3715893392


			0.2			0.4640656451			-1.6094379124			-0.7677292603


			0.3			0.714706573			-1.2039728043			-0.335883208


			0.4			0.9740237806			-0.9162907319			-0.0263195602


			0.5			1.2707134347			-0.6931471806			0.2395785023


												Rxn Order


												0.9989246883








			0


			0


			0


			0


			0





Volume Fraction H2


Turnover Frequency/sec


10wt% Re@Pd/Al2O3


0


0


0


0


0





			0


			0


			0


			0


			0





Volume Fraction H2


Turnover Frequency/sec


10wt% Re@Pd/C


0


0


0


0


0





			0


			0


			0


			0


			0





Volume Fraction H2


Turnover Frequency/sec


21wt%Re-1wt%Pd/Al2O3


0


0


0


0


0





			0


			0


			0


			0


			0





Volume Fraction H2


Turnover Frequency/sec


5wt% Pt/Al2O3


0


0


0


0


0





			10wt% OL Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.005			0.6422776524			-5.2983173665			-0.4427345883


			0.015			0.5352966433			-4.1997050779			-0.6249342124


			0.03			0.5062991548			-3.5065578973			-0.6806275694


			0.07			0.5051853938			-2.6592600369			-0.6828298006


			0.1			0.5037520943			-2.302585093			-0.6856710083


			0.15			0.4936933997			-1.8971199849			-0.7058406029


												Rxn Order


												-0.1357786969


			10wt% OL Carbon


			Vol Frac			TOF			lnvol			lntof


			0.005			1.0223239342			-5.2983173665			0.0220784026


			0.015			0.9419551112			-4.1997050779			-0.0597976582


			0.03			0.8858869292			-3.5065578973			-0.1211659559


			0.07			0.9750393595			-2.6592600369			-0.0252774401


			0.1			1.0057663171			-2.302585093			0.0057497555


			0.15			1.0229151937			-1.8971199849			0.0226565839


												Rxn Order


												-0.0794533116


			21wt%Re-1wt%Pd/Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.005			1.3883484094			-5.2983173665			0.328114846


			0.015			1.258244803			-4.1997050779			0.2297177364


			0.03			1.1232573558			-3.5065578973			0.1162328176


			0.07			1.1292126199			-2.6592600369			0.1215205933


			0.1			1.1526299386			-2.302585093			0.1420462346


			0.15			1.2122907486			-1.8971199849			0.1925117504


												Rxn Order


												-0.1156444111


			5wt% Pt/Al2O3


			Vol Frac			TOF			lnvol			lntof


			0.005			0.0234855311			-5.2983173665			-3.7513707445


			0.015			0.0267060354			-4.1997050779			-3.6228656924


			0.03			0.0271857003			-3.5065578973			-3.6050641685


			0.07			0.0311251022			-2.6592600369			-3.4697406417


			0.1			0.0377512194			-2.302585093			-3.2767375028


			0.15			0.0391802942			-1.8971199849			-3.2395813573


												Rxn Order


												0.0848671162


			0.1wt% Pd/C


			Vol Frac			TOF			lnvol			lntof


			0.005			0.5200291548			-5.2983173665			-0.6538704021


			0.015			0.4414452219			-4.1997050779			-0.8177013393


			0.03			0.4627397469			-3.5065578973			-0.7705904846


			0.07			0.4698917131			-2.6592600369			-0.7552530084


			0.1			0.4958505306			-2.302585093			-0.7014807473


			0.15			0.494477659			-1.8971199849			-0.704253308


												Rxn Order


												-0.0727808299








			0


			0


			0


			0


			0


			0





Vol Frac 0.005


Volume Fraction C2H4


Turnover Frequency/sec


10wt% Re@Pd/Al2O3


0


0


0


0


0


0





			0


			0


			0


			0


			0


			0





Vol Frac 0.005


Volume Fraction C2H4


Turnover Frequency/sec


10wt% Re@Pd/C


0


0


0


0


0


0





			0


			0


			0


			0


			0


			0





21wt%Re-1wt%Pd/Al2O3


Volume Fraction C2H4


Turnover Frequency/sec


21wt%Re-1wt%Pd/Al2O3


0


0


0


0


0


0





			0


			0


			0


			0


			0


			0





21wt%Re-1wt%Pd/Al2O3


Volume Fraction C2H4


Turnover Frequency/sec


5wt% Pt/Al2O3


0


0


0


0


0


0





			


						7/11/08


						TOF			ln(H2)									TOF			ln(C2H4)


						0.6304171126			-1.6094379124									0.6263527197			-3.5065578973


						0.6200975231			-1.6094379124									0.620282168			-3.5065578973																					ln(TOF)			ln(H2)


						0.6263527197			-1.6094379124									0.6204315585			-3.5065578973																		0.6169148551			-0.4830242628			-1.6094379124			0.2


						0.620282168			-1.6094379124									0.6280739453			-3.5065578973																		0.3235061635			-1.1285371125			-2.302585093			0.1


						0.6204315585			-1.6094379124									0.6097830606			-3.5065578973																		0.892873582			-0.1133102736			-1.2039728043			0.3


						0.6280739453			-1.6094379124									0.614464488			-3.5065578973																		1.6826716824			0.5203828174			-0.6931471806			0.5


						0.6097830606			-1.6094379124									0.6080601125			-3.5065578973


						0.614464488			-1.6094379124									0.5994650271			-3.5065578973																											1.0120899187			1.1687215563


						0.6080601125			-1.6094379124									0.6140817381			-3.5065578973																											0.0553285124			0.0867008207


						0.5994650271			-1.6094379124									0.6114688082			-3.5065578973																											0.9940584235			0.0651293553


						0.6140817381			-1.6094379124															0.6152463626			-3.5065578973																					334.6109974725			2


						0.6114688082			-1.6094379124									0.5702227845			-2.9957322736																											1.4193639454			0.0084836658


												0.6169148551			-1.6094379124			0.5635982578			-2.9957322736


						0.3306722028			-2.302585093									0.5645648717			-2.9957322736																											H2 Order:			1.0120899187			+/-			0.0553285124


						0.3360118404			-2.302585093									0.562388007			-2.9957322736


						0.3230478139			-2.302585093									0.5702252202			-2.9957322736


						0.3243443322			-2.302585093									0.5558626335			-2.9957322736


						0.3245578762			-2.302585093									0.5419922689			-2.9957322736																		0.6152463626			-3.5065578973


						0.3205469775			-2.302585093									0.5658309974			-2.9957322736																		0.5491694645			-2.9957322736


						0.3199699851			-2.302585093									0.5496406715			-2.9957322736																		0.6653730087			-4.605170186


						0.3147632116			-2.302585093									0.5484354768			-2.9957322736																		0.7119133694			-5.2983173665


						0.3182201166			-2.302585093									0.5579451678			-2.9957322736																		0.5399925479			-2.302585093


						0.3229272793			-2.302585093									0.5531127316			-2.9957322736																		0.5745000078			-3.5065578973


												0.3235061635			-2.302585093			0.558659008			-2.9957322736																								ln(TOF)			ln(C2H4)


						0.8912267183			-1.2039728043									0.5551984339			-2.9957322736																					0.5948731852			-0.5194070303			-3.5065578973			0.03


						0.8907629261			-1.2039728043									0.5583621019			-2.9957322736																					0.5491694645			-0.5993482066			-2.9957322736			0.05


						0.8921355386			-1.2039728043									0.5591942855			-2.9957322736																					0.6653730087			-0.4074074803			-4.605170186			0.01


						0.8838227792			-1.2039728043									0.5472643287			-2.9957322736																					0.7119133694			-0.3397990472			-5.2983173665			0.005


						0.8981732311			-1.2039728043									0.5444252145			-2.9957322736																					0.5399925479			-0.6161999396			-2.302585093			0.1


						0.8953555011			-1.2039728043									0.5689264143			-2.9957322736


						0.8899381798			-1.2039728043									0.5339315083			-2.9957322736																														-0.1102685484			-0.9187507648


						0.892855329			-1.2039728043									0.5453387176			-2.9957322736																														0.0070112646			0.0294452496


						0.8823622249			-1.2039728043									0.5434357003			-2.9957322736																														0.9919791216			0.0126644747


						0.9121033918			-1.2039728043									0.5437535083			-2.9957322736																														247.3492493465			2


												0.892873582			-1.2039728043			0.5447640076			-2.9957322736																														0.039672079			0.0003207778


						1.6705501195			-0.6931471806									0.5320402465			-2.9957322736


						1.6891455775			-0.6931471806									0.5555211261			-2.9957322736																														C2H4 Order:			-0.1102685484			+/-			0.0070112646


						1.6865413259			-0.6931471806									0.5454543685			-2.9957322736


						1.6829549343			-0.6931471806									0.5429092791			-2.9957322736


						1.6854196329			-0.6931471806									0.5466871028			-2.9957322736


						1.6870310736			-0.6931471806									0.5305513128			-2.9957322736


						1.6762745213			-0.6931471806															0.5491694645			-2.9957322736


						1.6868418584			-0.6931471806									0.6661805332			-4.605170186


						1.6629006124			-0.6931471806									0.6625395512			-4.605170186


						1.6990571685			-0.6931471806									0.681712731			-4.605170186


												1.6826716824			-0.6931471806			0.679822737			-4.605170186


																		0.652342959			-4.605170186


																		0.6486268072			-4.605170186


																		0.6684010996			-4.605170186


																		0.6685304679			-4.605170186


																		0.6614746897			-4.605170186


																		0.6640985112			-4.605170186


																								0.6653730087			-4.605170186


																		0.6972075962			-5.2983173665


																		0.7113441796			-5.2983173665


																		0.7219389176			-5.2983173665


																		0.7145713396			-5.2983173665


																		0.708311042			-5.2983173665


																		0.7109988448			-5.2983173665


																		0.7093523254			-5.2983173665


																		0.724386502			-5.2983173665


																		0.6990431716			-5.2983173665


																		0.7219797752			-5.2983173665


																								0.7119133694			-5.2983173665


																		0.5540860605			-2.302585093


																		0.5461026609			-2.302585093


																		0.5356705394			-2.302585093


																		0.535841391			-2.302585093


																		0.5470036879			-2.302585093


																		0.5287818623			-2.302585093


																		0.5379152433			-2.302585093


																		0.5438567628			-2.302585093


																		0.5447397979			-2.302585093


																		0.5259274734			-2.302585093


																								0.5399925479			-2.302585093


																		0.5912221964			-3.5065578973


																		0.580812199			-3.5065578973


																		0.5813616721			-3.5065578973


																		0.585324783			-3.5065578973


																		0.5615700101			-3.5065578973


																		0.5665336943			-3.5065578973


																		0.5513668336			-3.5065578973


																		0.5703411024			-3.5065578973


																		0.5799390807			-3.5065578973


																		0.5765285064			-3.5065578973


																								0.5745000078			-3.5065578973








			0			0.2			0.1


			0			0.1			0.2


			0			0.3			0.3


			0			0.5			0.4


									0.5





Pd


10wt% Re@Pd


2wt% Re@Pd HT


Pd


HT


10%


Volume Fraction H2


Turnover Frequency, sec-1


0


0.1145648817


0.2378355772


0


0.0587281889


0.4679910611


0


0.1851403204


0.7463498424


0


0.3563179535


1.0762306687


1.4993204014





			0			-5.2983173665			-4.605170186


			0			-4.1997050779			-5.2983173665


			0			-3.5065578973			-3.5065578973


			0			-2.6592600369			-2.9957322736


			0			-2.302585093			-2.302585093


						-1.8971199849





Pd


10wt% Re@Pd


Re@Pd HT


Pd


PdRe NI


PdRe HT


ln(yC2H4)


ln(TOF/s)


0


-0.4427345883


-1.3879968334


0


-0.6249342124


-1.2911148104


0


-0.6806275694


-1.5505057415


0


-0.6828298006


-1.6205223139


0


-0.6856710083


-1.6414131778


-0.7058406029





			0			0.03			0			0.03			0.01			0.01			0.03


			0			0.05			0			0.05			0.005			0.005			0.05


			0			0.01			0			0.01			0.03			0.03			0.01


			0			0.005			0			0.005			0.05			0.05			0.005


									0									0.1			0.1


																					0.03


																					0.15





Pd


Re@Pd NI


Re@Pd HT


Re@Pd TD


Pd


TD


NI


HT


Volume Fraction C2H4


Turnover Frequency, sec-1


0


0.1390651273


0


0.295940303


0.249574744


0.249574744


0.297549124


0


0.130657756


0


0.2778834346


0.2749640794


0.2749640794


0.2778834346


0


0.1589195248


0


0.3370304164


0.2121406584


0.2121406584


0.3370304164


0


0.1731585578


0


0.3641026224


0.1977953608


0.1977953608


0.3641026224


0


0.1937061076


0.2758933484


0.2943314819


0.2790217391





			0			0.2			0.2			0.2


			0			0.1			0.1			0.1


			0			0.3			0.3			0.3


			0			0.5			0.5			0.5
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