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Overview

Timeline Barriers
 Project start date: FYO5 General:
* Project end date: FY09 A. Cost.
. New Start B. Weight and Volume.
C. Efficiency.
Budget E. Refueling Time.
. Expected Total Funding  Reversible Solid-State Material:
. DOE Share: $1.200.000 M. Hyd.ro.g’en Capacity and
o Reversibility.
+ PSU Share: $300,000 N. Lack of Understanding of H
» Funding for FYO5 for PSU: Physi- and Chemisorption.
$50,000

Partners/Collaborations

We expect a highly complementary effort in all aspects of this work
including materials synthesis and exchange, materials evaluation, sharing of
structural and hydrogen sorption characterization techniques, as well as
information exchange to further progress of the Center towards achlevmg
DOE goals.
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Partners/Collaborations

il ‘..‘...llllln.-...-...
-.'I- ...
Ll A
= L L) L]
- E
.-'F
~

Univ
Michigan

' Steering Committeé.,

CalTech

Rice University R
: NIST
Penn :

Univ North
Carolina

- Livermore

Air Products

- "‘

Univ

L
-, a®
IIIIIIIII

Pennsylvania




Motivation

Recent advances in the area of hydrogen storage
in solid state materials have occurred that
suggest that the discovery of new and better H-
storage materials should be possible.
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The gravimetric and volumetric storage of hydrogen in solid state
systems is just now being shown to be sensitive to small adjustments
in the bonding and structure of the host, and to

the addition of small amounts of
dopants. A better understanding of
the nature of the metal-hydrogen
bond and the influence of the
chemical surroundings is emerging.
New microporous cage materials have
been discovered, whereby the pore
openings allow transport of molecular
hydrogen into the cages at elevated
temperature.
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Project Objectives

Develop and demonstrate reversible carbon-based
hydrogen storage materials with at least 7 wt.%
materials-based gravimetric capacity and 50 g H,/L
materials-based volumetric capacity, with potential to
meet DOE 2010 system-level targets. Ternary high
surface area materials are emphasized that are
constructed from boron-doped carbon and light
element metals. The relationships between the physical
properties, H storage performance, pore size
distribution and metallic character of the materials will
be measured and connected with the local atomic

chemistry and pore structure.
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Approach

*Synthesis of C-B-M Materials
‘Pyrolysis of Molecular Precursor (Professor Mike Chung)

*Inclusion Reactions with Preformed High SSA Carbons (Professor Henry
Foley)

‘Very High Temperature Gas Phase Synthesis (Professor Peter Eklund)

-Synthesis of highly micoporous C-B-M material by three
separate routes.

Characterization of the short- and long-range structure, the
microporosity and SSA

*Evaluation of these materials for hydrogen sorption behavior.

Optimization of the SSA for specific C-B-M materials of
technological relevance



C/B Materials (B-substituted C)

- C and B with similar atomic size with trivalent coordination,

+ C/B material can maintain graphitic structure.
* B (electron deficiency) serves as p-type dopant
» Increase n-electron delocalization and surface activities.



C/B Materials (B-substituted C)

Synthesis of C/B Materials by B-containing Precursors

Pyrolysis
>

CBF

B/C Material

n—BuLi s
@—CEC—H L . @—ca-c Li

BV lm BCh\BCh

@—-CEC——BCIz [@_(;C];Bg [@—CEC};B

B B TPB

New C/B Precursors

Equation } 9




C/B Materials (B-substituted C)

Alkali-metal Doped C/B Materials

Material

Cc/B

C/B/Li Material
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High SSA Carbons

Electric Arc Chamber for the Production

V I col;llzinl

ga » feed —»f ;T _ |-~ fixed

Vacuum
Pump

nert Gas

dc
Current Source

Pressure-flow
Control

*Fully automated- no operator necessary

200 grams/day per chamber
» Five Chamber Facility will yield 1 kg/day

» Develop new nanoporous carbon and other lightweight nanomaterials
synthesis (e.g.,BN nanotubes), Aybrid“supported” nano-metal hydride

materials
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Nano-Porous Carbons

Modify Nano-Porous Carbons derived from PFA to increase the

preferred adsorption sites for H,

Highly curved graphitic micro-domains in NPC

- Active centers for adsorption and catalysis.

Incorporate SWNT with NPC

*  May increase the curvature of carbon, which is helpful for adsorption.

* Functionalization of SWNT is necessary for well dispersion of SWNT in

NPC.

)—

NHz~<@>~SOaH -|-(

SOH

* Process of preparing f-SWNT/NPC nanocomposites

SWNT Purification

Pyrolysis«— Polymerize <+

-SWNT/NPC

—>

SWNT Functionalization

\ 4

Mix f-SWNT
with FA
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Characterization

Hydrogen wt% Uptake

* High Precision
Measurements of Hydrogen
wt% with Differential
Adsorption Apparatus

* wt7% uptake « dP

Resegyai Sample

Differentia
Pressure Gage

Val v Volume Matched W
aive to Sample Cell

Microscopic Dynamics of Adsorbed Hydrogen

* Microscopic  Dynamics  of  Adsorbed 5
Hydrogen Determined Through Neutron 5

Scattering
» Zero Point Energy
- Self-Diffusion
* Rotational Behavior

Ortho-to-para conversion

S(phi,E)
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Future Plans

FYO5

Synthesis and hydrogen storage capacity study for at least one
material made by each synthesis route described in poster. (4Q
Year 1).

Results of investigation of the possible benefits of additional spill
over catalyst.

FY06

Determine volumetric and gravimetric limits of performance of
various porous C-B-M materials relative to 6 wt%, 4.5 gH,/L
system. (Go/No Go: 4Q Year 2).

Determine optimal composition range and synthesis route.
Determine effective H- binding energy for the most promising C-
B-M materials
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Future Plans

FYO7

Deliver at least one sample exhibiting H-storage performance
characteristics that can meet FY10 system targets to DOE-
specified facility (6o/No Go: 4Q Year 3).

FYO8
» Scale up production of materials to the 100 gram/day range (4Q
Year 4).

FY09
+  Develop prototype 1 kg/day system (2Q Year 5).
Deliver 1 kg active material that meets system goals (4Q Year 5).
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Future Plans

Go/No-6o Decisions

Determine volumetric and gravimetric limits of performance for
C-B-M per unit SSA material relative to 6 wt%, 4.5 gH,/L system
(Go/No Go: 4Q Year 2).

Deliver sample exhibiting material performance characteristics
that can meet FY10 system targets to DOE-specified facility
(Go/No Go: 4Q Year 3).
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Hydrogen Safety

At PSU, safety is always a primary concern:

Services Offered:

Laboratory Safety Inspections and Audits
Laboratory Safety Training

Policies:
Compressed cylinders
- Must always be secured.

- Environmental, Health and Safety must do
survey of area after release of H, into

laboratory environment.

Safety plan specific to this project is under development

17



	Study of Hydrogen Storage in Advanced Boron and Metal Loaded High Porosity Carbons Carried Out in the "DOE/NREL Center of Exce
	Overview
	Overview
	Motivation
	Project Objectives
	Project Objectives
	Approach
	Future Plans
	Future Plans
	Future Plans
	Hydrogen Safety


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


