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Why do we care?
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* The need to find a practical
method for low pressure -
high capacity gas storage for
CH, and H,.

* Your next car might well run
on clean natural gas and be
ready for hydrogen when it
comes along.
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Presenter
Presentation Notes
So, why do we care about imaging CH4 and H2 in carbon.

Well, one of the main reasons is the development of fuel for clean transportation.

One of the problems with using CH4 or H2 as a fuel is its storage.

Because they are stored in large pressurized tanks they take up a lot of space, not allowing them to be placed easily in a car.

By adsorbing the gases in carbon, the “fuel” occupies less space on the vehicle and requires much less pressure to store it.\

The goal is for a low pressure adsorbed gas tank to have a storage density comparable to that of a high pressure tank. 

Imaging the adsorption of these gases in the carbon will allow us to see how they interact helping propel the research.
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Sample is placed in a
neutron beam.

Neutrons either pass
through or are
scattered/absorbed by a
sample.

Pixel intensity depends on
the number of neutrons
that pass through a sample
point.

2-D grayscale images that
are produced provide
information about interior
structure of a sample.
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Presentation Notes
To image the absorption of CH4 and H2 in carbon I used neutron radiography.

Neutron radiography is similar to an x-ray you would receive at a doctor’s office. 

The difference being that instead of using x-rays, neutrons are being used.

So the sample is placed in the neutron beam where it either scatters or absorbs neutrons.

The resulting image depends on how many neutrons made it through the sample. 

So you might ask why use neutron’s instead of x-rays?

Well, neutron’s have a large scattering cross section for hydrogen as you can see from the picture. 

Much larger than x-rays in fact. So to image the hydrogen it makes more sense to use neutrons. 
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Neutron Radiography:
Continued

Neutrons are converted to
light by the scintillator
(°LiF/ZnS:Cu,Al,Au).
Neutron to light conversion
efficiency is 20%.

The light is then captured by
Neutrons in F———% a CCD camera producing an
image.

CcCD

smnmﬁ; CCD image acquisition
I rate is 0.2 Hz, pixel pitch
of 57 ym
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Presentation Notes
After the neutrons pass through the sample something needs to happen in order to convert the neutrons into information that we can process.

To do this we use a scintillator made out of lithium which absorbs the incoming neutrons and emits light.

(6Li + n  4He + 3H + 4.8 MeV: How lithium absorbs neutrons and emits light.)

The neutron to light conversion efficiency is about 20%.

After the light is emitted it is reflected through a lens and then captured by a CCD (Charge Coupled Device) Camera.  
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ALL-CRAFT:

The corncob carbon sample

Developed by the University
of Missouri

Porous Carbon adsorbs gas.

Natural gas
methane molecule
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Presentation Notes
We received our corncob carbon sample from the ALL-CRAFT (Alliance for Collaborative Research in Alternate Fuel Technology) project.

The project originates from the University of Missouri.

They develop a porous carbon from corncobs specifically designed for adsorbing CH4 and H2. 

The final product is a 3 inch carbon briquette.



Binding energy: 22.7 KJ/mol
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ALL-CRAFT:
The corncob sample’s performance
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Presenter
Presentation Notes
Here is a graph of the sample’s performance with methane.

It shows volumetric storage density grams methane per liter carbon vs. pressure in bar (excess isotherm at 298K).

One can see that at low pressures, that the adsorbed gas has a higher volumetric storage density than the compressed gas.

At 35 bar the adsorbed gas stores about 5 times as much as the compressed natural gas. 

What is also quite impressive is that this corncob carbon meets the standards set out by the Department of Energy in 2000 of 118g/L at 35bar and 298K.

The corncob sample stores 115-119 g/liter @ 298K and 35 bar. �
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ALL-CRAFT:
The corncob sample’s performance
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Presentation Notes
Hydrogen Storage:

 @ 300K and 47 bar: �1.0-1.2 mass%

@ 77K and 47 bar: �7.3-9.1 mass%
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Presentation Notes
Cleaned sample with lapping solution – fine and then extra-fine rinsing with methanol

Cut slugs out of the carbon sample to fit inside sample cell ¾ in diameter.

To degas the sample, we baked carbon slugs in vacuum @ 200 Celsius for 24 hours.

Loaded slugs into sample cell in glove box.

Built frame out of 80-20 to support a rotation stage from which the sample was suspended.




Experiment:

Adsorption of CH, and H,

Pressure
Gauge

CH,

Reserve

H,

BT2

Neutron Beam

l

Corncoh
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Waste

CH,
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* (Collected radiography and
tomography data.

e Wanted to know how the
gases distributed within the
carbon with time.

* Varied pressure in between
data collection.
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Presentation Notes
After several tests we decided that a 5 second exposure time was sufficient.
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- Image Processing:
How does it work?

Raw Data
@ N
* Average

* Sum
* Integrate

Darkfield Ratfield _ _ Bare Image
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« Darkfield
« Flatfield
* Bare Image
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Presentation Notes
N is the number of particles 

Sigma is cross-section



Summing/Averaging Images.

Normalizing Images:

Darkfield Images,

Flatfield Images,

Bare Images.

Colorizing. 






_ tmage Processing:
A new experience

. IDL. - Default/Dbject Examplos/tost_guil__define. pro - I Warkbench
Fle Edt Source Mavigate Search Fropect Run Winddw Hep

&P = e
8 & * 09

B2 out [ Bp0en L b | Bymre) = O

if file test(self.darkfieldfile) eq 0 then begin
darkfieldfile = dialog pickfile(title='Flease sslect the DARREK FIELD FILE:

if darkfieldfile eq "' then begin
retorn, 0
endif
gelf.darkfieldfile = darkfieldfile
endif
if self.dsrkfisldrfils eq '' then begin

dark = 1

endif else begin
dfimg->loadimg, self.darkficldfile
dark = float (dfimg->getdata())

endelse
if self.rflstfisldrils egq '' then begin
flac = 1

endif else begin
ffimg->loadimg, self.flatficldlile
flat = float (ffimg->getdata())

endelse
if self.bsreimsgsefils eq '' then bhegin
bare = 1

endif else begin
bareimg-»loadimg, self.bsrsimsgs
bare = float(bareimg->getdatal)
endelse

bare -= dark
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Presentation Notes
Currently Image processing done at the NCNR uses an excel spreadsheet that requires users to go through many steps in order to get a normalized image.



This program will be expanded to do:

Quantitative Analysis.

Write Movie Files.

Incorporated into the DAVE platform.
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image Processing:
Faster than ever at the NCNR
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Presentation Notes
Currently Image processing done at the NCNR uses an excel spreadsheet that requires users to go through many steps in order to get a normalized image.


Results:

Distribution of Methane at varying

175

pressures
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Results: —_—
Dlstrlbutlon of Hydrogen at varymg

pressures
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The Future

Process the tomography data.
Collect radiography and tomography data
e At cryogenic temperatures,
e Time resolved.
Expand the capabilities of the image processing program.
e Quantitative analysis,
e Write movie files,
 Inclusion into the DAVE platform.
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