New Materials for Hydrogen Pipelines

Overview
Barriers to Hydrogen Delivery

@ Exsting steel pipelines are subject to Hy

L]
@ Current joining technelogy (welding) for steel pipelines s major cost factor and can exacerbate Hy embrittlement issues.

@ Mew Hp pipelines will require large capital investments for materials, installation, and right-ol-way costs.

@ Hy leakage and wgnificant for

@ Hg delivery infrastructure will rely heavily on sersors and robust designs and engineering.

Altematives to metallic pipelines - pipefines constructed entirely from polymeric composites and engineered plastics —
could enable reductions in capital costs and provide safer, more reliable Hg delivery.

Technical Barriers and Targets

materials, seals, valoes and fittings.

Category 2003 Status 2005 2010 2015

Pipelines: Transmission

Total Capital Cost ($Mimile) $1.90 $1.90 $1.00 $0.80
Pipelines: Distribution

Total Capital Cost ($mmile) $0.30 $0.30 3085 $0.20
Pielines: Transmission and Dsiribution

Refability (relative to H2 en High

concenms and integrity) (Metrics TBD)

HE Leakage Undefined Undefined <E% <0.5%

Project Objectives

@ Investigate feasibilty of using
fiber-reinforced potymer (FRP)
pipeline for transmission
and distribution of hydrosen
o provide reduced installation
«costs, improved reliability,
and safe cperation.

@ Develop nancstructured
plastic with dramatically
reduced hydrogen
permeance for use as
the bamier/liner in
non-metallic Hy
pipelines

Advantages of Continuous FRP Piping

@ Anisotropic characteristics of FRP piping provide extracedinary burst and collapse pressure ratings,

increased tensile and compression strengths, and increased load carrying capacities.

Mo welding.

@ Hearly jointiess - miles of continuous pipe can be installed as a seamiess monolith.
Placement recuirements dramatically less than those for metal pipe, enabling the pipe to

be instalied in areas where right-of-way restrictions are severe.
@ Comosion resistant and damage tolerant.

®

need for “pigging”.

PR —

Structurally integrated sensors provide real-time structural health monitoring and could reduce

Project Timeline

Task 1: Investigate feasibility of FRP pipeline for

Hg transmission and distribution
FY 2005 FY 2006 FY 2007
T E)] 4 5 6
@ Hew stant - project began January 2005
@ Subtesks
- FY 2005

1 - Identify pipeline requirements.

2 - Perform point destgn

3 - Identily acvantages and challenges of manufacturing methods
4 — Assess feasibility of technology

= FY 2006
5 = Perform bench-scale tests of integrated modified-PET liner
and FRP pipe
& - Develop sersor integration, manufacturing, joining technologies
- FY 2007
7 - Demonstrate larger scale pipe with industry
8- and methods

Task 2: Develop nanostructured plastic barrier

material
FY 2005 FY 2006 FY 2007
179 3 4 5 ]
@ Hew start - project began January $005
@ Subtasks
- FY 2005

1 - Synthesize elay nanocemposites in PET
2 = Extrucke modiified PET
3 = Test extruded samples for H2 permeability and mechanical
properties
— FY 2006
4 - Optimize nen-permeability of mexdified PET
5 = Extrude liner for bench scale tests of FRP pipe
= FY 2007
& = Commercialize technology

Task I FY 2005 |
1. Investigate feasibility of using $80K |
fiber-reinforced polymer pipeline
2. Develop nanostructured plastic | $80K |
for Lse as non-permeabie liner in
EETE R
o |_sreox_|

@ Existing
- Hydrogen Pipeline Working Group
~ Extrusion of modified PET: University of Tennessee Textiles and Nonwavens
Development Center (TANDEC)
@ Pending
= Fiber-reinforced polymer piping: U.S. manufecturers of compasite piping
and storage tanks
- Pipeline infrastructure: Natural gas incustries
~ Pipeline materials qualification: Savannah River National Laboratory
= Others

Technical
Accomplishments

@ FRP Piping Feasibility Assessment
= Assume Hg plant 200 miles f center.
- Estimate per capita Hy demand of 0.5 ke/day for tramsportation use.

Fipeline Requirements for H2 Delivery Assuming
1,000 PSI Source Pressure and 300 P51 Pressure Drop.

Peak Hg Ho. Binch | Ng, 19.nch LD. for
Population | Demand Ppelines | pipelines | Single Pipeline
served | (kgh) Reqd Req'd (inches)
Zionmo | 3w L | |
1,000,000 | 30,000 9 3 18
10,000,000 | 300,000 0 30 4“4

= Current capital cost (materials and installation) for 4-inch ID,
1000 PSl-rated fiber-reinforced polymer piping i $50K to
1008 e mile.

of 100,000

" fwe d-inch IDH;ptlm at an approimate capital cost of
$250K to $500 per mile.

- This estimate is well below the DOE 2015 target for
frydrogen delivery ($800K per mile).

= However, current fiberreinforced piping needs liner with
acceplably low hydrogen permeation and needs qualfication
for high-pressure Hg service.

Hydrogen Safety

@ The most significant hydrogen hazard associated with this
project is the potential leakage of Hy during permeation
measurements in the IHPY (intemally heated high-pressure
vessel)

@ All project activities, including the permeation measurements,
are covered by a formal, integrated work control process for
each practicefacility.

@ Each work process s authorized on the basis of a Research
Safety Summary (RSS) review by ES&H subject matter experts
and approval by PI'S and cognizant managers.

@ The R55 is reviewedrevised annually or whenever a change
in work is needed

@ Staff with approved training and experience are authorized
through the RSS.

Barton Smith, Barbara Frame, Cliff Eberle, James Blencoe, Larry Anovitz and Tim Armstrong
Oak Ridge Maticnal Laboratory

Jimmy Mays
University of Tennessee, Knoxville

Technical Accomplishments

L] PETIckay
- Synthesized nanccomposites by solution mixing PET and organc-modified
chay in phenolichicroform sclvent
- Prepared PET nanccomposites with clay contents of 5 and 10 wi%
- Modified PET fims prepared for analysis and testing by pressing dried
mixtures of PET/clay into thin membranes.
= Evaluated nanostructure of films using SAXS and TEM

= Evalusted hydrogen permeability using ORNL hydrogen senvdce IHPY test
facility

Small-anghe x-ray scattering (SAXS)

- Intercalation of PET chains increases.
interiayer spacing, shifting peak 1o
lower G values.

- Exfoliation of PETiclay would be
evidenced by broadening of peak
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Trarsmission electron microscopy

(TEM)

= Images of PET with 5% (left) and
10% (right) clay contents

= Clay appears as dark lines

= Most clay occurs & intercalated
clusters with only partial exfoliaticn

@ Hp permeation measurements.
in ORNL HPV
= Initial modified PET sample
exhibited 60% decrease in
diffusion rate coefficient

Future Work — Milestones

Remainder of FY 2005

@ On schecksle to complete milestones
= May 2005 - PET-based polymer-layered silicate composite barrier
materials prepared and ready for permeability testing.
~ Sep 2005 - Report on FRP pipeline feasibility and recommendations.
completed.
= Sep 2005 - Assessment of hydrogen permeability in bamier material coupons
completed and reported.

For FY 2006

@ Optimize synthesis of modified PET for minimal permeance.

@ Extrude liner for bench scale tests of FRP pipe.

@ Perform bench-scale tests of integrated modified-PET liner and FRP pipe.
@ Develop sersor Joining




