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SA sets sights on becoming hydrogen fuel ce
hub

50 uth Afriea is making a number of bold moves that could see the countri _g
dfrmg info being a leading hydrogen fuel cell technology industrial hu
said minister of science & technology Naledi Pandor,

Science & technology minister Naledi Pandor
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Proton Exchange Membrane fuel cells or polymer
electrolyte membrane (PEM) fuel cells (PEMFC)

+ . Application

RAD = Radiography
NRad = Neutron radiography
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An electrochemical device that
continuously converts the chemical
energy of

fuel (hydrogen) and oxidant (oxygen)
directly to electrical energy and heat,
without combustion.

Overall reaction:

H,+ =0, > H,0 + Heat  AH = —286 kJ /mol
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ELECTRICITY PRODUCTION

Hydrogen
(Hz) in

H2 — 2H+ + 2e”
ANODE

Water
(Hz20) out

FUELSCELL

Theory: 1.2V
Prac: 0.7-0.9V

Power: 1W/cm? Polymer Electrolyte Membrane (PEM)

CATHODE

Allow H-protons to pass but not electrons

No Combustion = No Pollution
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Fuel cell technology explained

@

FUEL CELL BOOST CONVERTER
A compact, high-efficiency, high-capacity
POWER CONTROL UNIT converter newly developped ta bocst fuel
Amechanism to optimally control both cell stack voltage to 650 V.
fuel cell stack output under various A boost converter is used to obtain an BATTERY
operational conditions and drive output with higher voltage than the input. A nickel-metal hydride battery
battery charging and discharging. which stores energy recovered from
deceleration and assists fuel cell
stack output during acceleration.

0.

o
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HIGH-PRESSURE HYDROGEN
TANKS
MOTOR Tank storing hydrogen as fuel, The
nominal working pressure is a high
Motor driven by electricity generated e pressure level of 70 MPa (700 bar).
Eﬂﬁ:;m stack and supplied by FUEL CELL STACK The compact, Hghtweight tanks
: Toyota's first mass-production fuel cell, feature world's top level tank
Maximum output: 113 KW {154 DIN hp) featuring a compact size and world top storage density,
Maximum torque: 335N+m level output density. Tank storage density: 5.7 wt¥

Volume power density: 3.1 KW/L
Maximum output: 114 kW (155 DIN hp)
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Natural Em'm'"g

Gas

Fuel Cell

SR

Hydrogen acts as a store of energy




Current FC technologies
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Fuel Cell Type

Operating
Temperature

System Output  Efficiency

Polymer Electrolyte | 50-100°C | <250kW 50-60% electric
Membrane or
Proton Exchange

Membrane (PEM)

Solid Oxide (SOFC) | 650-1000°C | SkW-3MW 60% electric

85% overall with
CHP

Applications

« Back-up power

« Portable power

» Small distributed generation
« Transportation

= Auxiliary power
« Electric utility
» Large distributed generation
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Hydrogen

Separator

Hydrogen electrode
(catalyzer)
Electrolyte film

Air elactrode

Nafion (catalyzer) Separator



Performance Durability /

Size / Weight Reliability
Environment reduction Thousands of hours
adaptability Quality
e.g. Sub-zero Control
startup Cell

2u- Uniformity

Driving Cost

range Platinum?
Hydrogen Mass
Storage production?
/‘ . 2 . - - .
*Hydrogen infrastructure *Related regulations still in preparation
~ *Fuel cost *Need for common international standard

Range, Environment adaptability and Performance are received vision from past developments.

Durability, Reliability, Quality control and Cost reduction have a characteristics affected one other.
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Improving the efficiency, reliability, and cost
effectiveness of a PEMFC system.

* Non-destructive analysis.
* In situ visualisation of the internal cell processes an
operating fuel cell.
* Transportation of water throughout the cell.

THUS: Efficient water management has become
increasingly important in the effort to optimize fuel cell
energy production.

NEED A TOOL: Radiation as probe
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INTRODUCTION: Interaction of radiation

Beer—Lambert law

18) = I (e -BEwo)

Wi(E) = taps(E) + tscqr (E)

PROPERTIES INSTRUMENT / RESOLUSION
OF RADIATION TECHNIQUE

Particle 2D Radiography nm- pum- mm
(Physical properties)

South African Nuclear Energy
Corporation SOC Limited



Radiographic
Generator

|
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VOIDS (LACK of MATERIAL)

Crack
' Pore
Channel
. Hole
Specimen
A-ray Film X-ray Film
(side view) (front view)

pSuS > quV



Radiographic
Generator

Hole -----ooaaao. .
X-ray Film X-ray Film
(side view) (front view)

psus < pil‘"’i
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’ Dr. Scholl’s Scientific Shoes are anatomically

| correct—built on the straight line principle.
Smartness, style and sterling wearing quali-

F ties are built into every pair.

|

Factory Experts

Dr. Scholl’s

from Chicago g
will conduct -
at this store a 3 —

FREE DEMONSTRATION

BEGINNING TOMORROW!

MONDAY THROUGH BATURDAY
FEB, 6th THROUGH 1lth

Every modern scientific device, including the
latest type X-ray Machine, Dr, Scholl's Pedor,
graph and Automatic Shoe Sizer will be &t your
service during this Demonstration to insure &
perfect fit and complete relief, This is § rare op-
portunity for you to learn more about your feet
and shoes. A visit to our store costs you nothing
nov does it obligate you to make a purchase,

Foot
Troubles »

e L B
.;:‘:‘.:w&‘h.“""“

A
N

::' ‘r::o;; X"RAY suozs the s:‘u::—
THEATER 516 CENTRAL AVYENUE RUSLAND'S .

. DR, §OBOLL'S FOOT COMFORT SERVICE MEADQUARTERS'

X-RAY FITTING TEST
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GOOD
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Hair Removed Permanently

SRR

S

:

Fathent recebving treatoment en O bk, No pain or senmlion of any kind
The INFALLIBLE method svuccessfully used for 16
E'." by Dr. Albert C. Geyser, Iate Professor of

lectrical Therapewtics at Cornell University and
endorsed by many leading physicians.
No Needle, No Wax, No Chemicel
Paoinless and HermlesvGuarenteed to be Permanent

Frve

oy 1010 State-Lake Bldg. 190 N. State St. pouis
S B A AR R R AR )

ployed here during this
epecial demonstration,

Winter Garden, Fla.

[

Tricho System
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Attenuation coefficients with X-ray [cm?']

| 1a 2a |3b] 40 | 5b | 6b | 7b | 8 [ 1b | 2b 3a | 4a | 5a | 6a | 7a ] 0O
H He
0.02 0.02
e Be B C N O F Ne
0.06 0.22 0.28 | 0.27 | 0.11 | 0.16 | 0.14 | 0.17
Na Mg Al Si P S Cl Ar
0.13 0.24 o ‘ 0.38 | 0.33 | 0.25 | 0.30 | 0.23 | 0.20
K Ca i Cr Mn Fe Co Ni Cu 2zZn Ga Ge
0.14 0.26 . . 1.29 1 32 1 57 1 78 1 96 197 164 1.42 1.33

Rb Sr
0.47

. Ba At
| 273 | 5. : : 30.49 \34.47 37.92 \39.01 38.61 35.94 25.88 23.23 22.81 20.28 20.22
Ra

Sm Eu Gd | Tb Dy Ho Er Tm Yb Lu

L anthanides 7.68 \566 869 9.46 10.17 10.91 11.70 12.49 9.32 14.07
Th | Pa U

eI 28.95 39.65 49.08

Legend

Attenuation coefficient [cm?'] = sp.gr. * p/d
sp.gr..  Handbook of Chemistry and Physics, 56th Edition 1975-1976.

wo: J. H. Hubbell* and S. M. Seltzer lonizing Radiation Division, Physics Laboratory National Institute of Standards and Technology Gaithersburg, MD 20899,
http://physics.nist.gov/PhysRefData/XrayMassCoef/tab3.html.




Nnecsa )\

We're in your world /\

South African Nuclear Energy
Corporation SOC Limited

Attenuatlon coefficients with neutrons [cm?']

3b | 4b | 5b | 6b | 7b | 8 | 1b | 2p 32 | 4a | 5a|6a]7a] 0
He
0.02
C | N | O] F |Ne
079 0.56 | 0.43 | 0.17 | 0.20 | 0.10
Mg si | P | s &N Ar
009 | 0.15 0.11 | 0.12 | 0.06 [HE<kH 0.03
K Ca 1 Ti v @ Mn | Fe  Co Ni | Cu | Ge | As | Se | Br | Kr
0.06 | 0.08 121 119 3.92 2.05 1.07 49 10.47 | 0.67 | 0.73|0.24 | 0.61
Rb Sr Y |~ TthAg Cd sn|sb| Te| I | Xe
0.08 | 0.4 |0.27]0. . . 7o 058 FUEE] 0.78 NREEERERRRAN 0.21 | 0.30 | 0.25 | 0.23 | 0.43
Cs Ba La W  Re Os r Pt Au Hg Pb | Bi | Po | At | Rn
029 | 0.07 |0.52 |8 . R 2 R Wk B WAl 0.47 | 0.38 | 0.27
Fr Ra Ac
0.34
Ce Gd Dy Ho Er Tm | Yb| Lu
b anthanides|  0.14 | 0.41 T IR Wkl 32.42 1225 548 3.53 [1.40 2.75 |
Th Pa [ Np Bk | C
TR 8.46 NoNPM 9.80  50.20 | 2.86

Legend
o-total * sp.gr. * 0.6023
Attenuation coefficient [cm?'] =

at.wt.

o-total: JEF Report 14, TABLE OF SIMPLE INTEGRAL NEUTRON CROSS SECTION DATA FROM JEF-2.2, ENDF/B-VI, JENDL-3.2, BROND-2 AND CENDL-2,
AEN NEA, 1994.

and Special Feature: Neutron scattering lengths and cross sections, Varley F. Sears, AECL Research, Chalk River Laboratories Chalk River, Ontario, Canada KOJ
1JO, Neutron News, Vol. 3, 1992, http://www.ncnr.nist.gov/resources/n-lengths/list.html.

sp.gr.. Handbook of Chemistry and Physics, 56th Edition 1975-1976.

at.wt.. Handbook of Chemistry and Physics, 56th Edition 1975-1976.
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* RESEARCH EQUIPMENT
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SOUTH AFRICAN NEUTRON
RADIOGRAPHY (SANRAD)

FACILITY

L
gy

i

f




FUEL CELL OPTIMISATION & NRad JEE=E-

CCD camera

Lens

|< L=4m >
a

; perture diameter=d = 1 cm

Neutron Beam

Mirror

Light tight
— ] box
Sample position Neutron
scintillator
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| PEM FUEL CELL WORKING |
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R. Satija et al. / Journal of Power Sources 129 (2004) 238-245
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Working PEM Fuel Cell & NRad
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H.-Y. Tang et al. [ Journal of Power Sources 195 (2010) 57 74-6781 H ussey, et el \
, et.el.

ECS Transactions, 58 (1) 293-299 (2 13)

| Cathode Anode |

®
©

=

Water Thickness (mm)

O o 2mm

(1) Bipolar Plate (Gas Flow Channel)

(@) Gasket

@ (as Diffusion Laver | F o IR
@ Catalyst layer
@ Polymer Electrolyte Membrane

Fig. 1. Asimplified schematic of a proton exchange mer

cathode catalyst/GDL interfac

cathode catalyst/membrane interface

membrane/anode GDL interface

50 % RH OCV ———
50 % RHO.2Acm™ ——
50 % RH 0.4 A cm 2

100% RHOCV - :
100% RHO0.2Aem?2 -
100 % RH 0.4 A cm 2 ;

Fraction of PEMFC sandwich
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Title: Neutron radiography of electrolysis using a fuel cell concept.
Necsa:
HySA / NWU:

NATIONAL INSTITUTE
OF STANDARDS AND

TECHNOLOGY

UNITED STATES DEPARTMENT OF COMMERCE
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Hydrogen Production

Electrolytic Process:

Use of electric current to split water into
Hydrogen & Oxygen

Electricity required: Generated by renewal
technologies:
Wind; Solar; Geothermal; hydroelectric
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ELECTROLYSIS:
HYDROGEN PRODUCTION

Solid Electrolyte
Proton Exchange Membrane

oxygen Positive Negative Hyd rog en

Electrode = = Electrode

M
e-
Power Supply
/ |‘| —
Water / \
/

\
’ i
Water Electrolysis Protons exchange Electrons Flow through Electrons recombine with
Reaction: through the membrane the external circuit protons and H2 is produced
at the cathode:
2H20 => 4H* + 4e-+02

Occurs at the Anode 4h* + 4e--> 2H2



Schematic: Electrolysis Lo N

Oxygen (O2)

| ‘ ANODE ™ ”CATHODE
Water (H;0) Electro-catalyst
2H,0 = 4H' +4e” +0, HIT +de = 2Hy

Hydrogen (H;)
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CATHODE ANODE

Ti

2Zmmx2mmx 21mm
Resolution obtained: =
10pum/pixel
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Current Density: 1A =
Water flow: 37ml/min VERTICAL ORIENTATION
Temp: 27°C 30°C

Camera Frame rate: 2 sec/frame

Should be only

Should HZO and 02

be only
H2
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Current Density: 1A HORIZONTAL ORIENTATION

Water flow: 37ml/min
Temp: CCD Frame
Rate

27°C 0.8 spf

80°C 2 spf
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Electrolysis
— Derive Quantitative results
— Formulate proper investigation

Fuel Cell

— Learned from International
— Approach role players in SA

Utilisation Local SA Nrad facility @ Necsa
Non-destructively : In situ . Real time
Use neutron as microscope — high resolution
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