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Prof. Dr. Nour F. Attia

Gas Analysis and Fire Safety Laboratory, Chemistry Division, National Institute of
Standards, 136, Giza 12211, Egypt
Member of Egyptian Young Academy of Science
Member of National Committee of New and Advanced Materials
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**The world will face several crises.
**This will threaten the life of the coming generations.
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= Oil (35%)
= Matural gas(21%)
™ Coal (23.5%)

= Nuclear{7%)

= Hydro-power(2%)
= Other(0.5%)

= Renewable
source( | 1)

H2 Hydrogen
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Natural Human Enhanced
Greenhouse Effect Greenhouse Effect
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B Matural gas(21%)
m Coal (23.5%)

® Nuclear(7%)

® Hydro-power(2%)
® Other(0.5%)

i Renewable
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+* Hydrogen contains a large amount of chemical energy per mass so hydrogen energy becomes the most

promising solution for the coming energy crisis and a good candidate instead of fossil fuels.

4

» Hydrogen is a convenient, safe, that can be easily converted to a desired form of energy without

releasing harmful emissions.

> H,+ % 0, 2>H,0 + Energy
A ** However, because of its low chemical energy per volume, cost- effective and safe materials for
A
f.:c'!:;,i hydrogen storage as energy carriers are the key element for hydrogen-based energy.
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Hydrogen Types

Blue hydrogen is . . Turquoise
produced mainly Grey hydrogen is Pink hydrogen is hydrogen is made

From water from natural gas, created from Created using g?hnrgijag;ﬁd using a process
i using a process natural gas, or black coal or . called methane
Electrolysis called steam methane, using lignite (brown electrolysis
steam methane coal) in the powered by
hydrogen-making nuclear energy

pyrolysis to
produce hydrogen

reforming.
and solid carbon
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[ Technical feasibility of using hydrogen to power vehicles.
[ Through the CUTE (Clean Urban Transport for Europe )

1 Hydrogen fleet( HyFLEET).
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39 kWhkg! storage

M +1H, > MH

sun 35 %
25%
energy
: H,
electrolysis
2H:O —> 2H2 + ()2
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Indicator Historical progress Where we are heading Where we need to be
2015-2018 (- PES / 2030 and 2050) (e TES / 2030 and 2050)
N N N
Blue H 10 mt 30 mt
@ i 0.6mt/0.08Es oM a0m/5e 3oOM  80mi/ 10
2015 - 2018 2030 2050 2030 2050
bl 1.2mt/0.168 9 Mt 25mt /36 25mt/38) 160mt/ 198
- (Mt and EJ) : : l.1es
'ﬂi}’ ) : e @
N 2015 - 2018 2030 2050 2030 2050
Green H: 40-8.0 2.5-50 16-3.3 1.8-3.2 09-2.0
productlon/ USD/kg USD/kg USD/kg USD/kg USD/kg
costs (USD/kg) S ®® *Y @
g i 2015 - 2018 2030 2050 2030 2050
Electrolysers 0.04 cw 100 cw 270 aw 270 agw 1700 aw
® @ (GW) EEmmEm
. _ mmmm EESSES
I I ) 2016 2030 2050 2030 2050
oDS Electricity 450 Twh 1200 twn 1200 twh 7500 twh
DIGITAL Y demand to SR
2::\':52’: N\ produce H: from 7 ;;;7 S
J‘ renewables (GW) 7 \\\\7//
2016 2030 2050 2030 2050 N2
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Table 1. Composition of Mediterranean Seawater

Species Concentration (mg/L)

Population Growth in Egypt

1940
1960 -
1980

3000 - T 120 Na™* 12,500
% 2500 + 100 ] Mg2+ 1,450
% 2000 + 80 ;f' Ca2+ 450
2 1500 — + 60 g K+ 450
B 1 = QI 22,100

| i SO%~ 3,410

=

2020 —
2040 —+
2060 +

' ' HCO; 160
ﬁ B 45

oDS pH 8.1
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Hydrogen Storage
Routes In Solid-
State Materials

A Physisorption process Chemisorption process
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Hydrogen can be stored in different forms
In tanks... And in materials._..

Hydrogen can be stored on the surfaces of solids (by adsorption) or within solids (by absorpbion). In
adsorption {a), hydrogen attaches to the surface of o material either as hydrogen molecules |'.l-.lzJI or

hydrogen atoms (H). In absorption (b), hydrogen molecules dissociate into hydrogen atoms that are
incorporated into the solid lattice framework - this method may make it possible to store larger
quantities of hydrogen in smaller volumes at low pressure and at temperatures close to room
temperature. Finally, hydrogen can be strongly bound within molecwlar structures, as chemical

compounds containing hydrogen atoms ().
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(q) surface adsorption (o) intermetalic nﬁlme (b) complex hydride (¢] chemical hydride
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*» The target of synthesis of nanomaterials is to yield a material that exhibits properties that are a

result of their characteristic length scale being in the nanometer range (~1 — 100 nm).

“* The synthetic method should govern the control of size.

Syrithesfs of
nanomaterials
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Nanomaterials

3-D (Nanoflowers,
nanopillers,
nanocoils

2-D (Graphene,
nanofilms,
nanocoatings,

1-D (nanotubes,
nanofibers,
nanowires).

0-D
(nanopatrticles)

100

. Nour F. Attia, et al, Int. J. Hydrogen Energy. 2013,38,9251-9262 ~ Vo' F. Atia, etal., Mater . fett . 2015,158,186-169
Nour F. Attia et al.J Nanopart Res , 2014, 16:2361
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H, G
- N |
.’ Bd strength 4-10 kJ mol* H,

(OARSVRLS
ctivated Carbon

- Physisorption
- o up to 19 mass % H,at -196 °C
P

Energy Storage Mater. 10 (2018) 168-198
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- HCI-PANI-NF-PPY20-2h =>
- HCI-PANI-NFE
-  dedoped-PANI-NF-PPY20-24h

Pyrrole o 5] e
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H e
]
’
i
L
|
[

PANL-NF 0.0 e
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o.6 : u‘:-d-
Pyrrol ] ™ = s
= 0.4 Rk - - ~ P
— £ o] P
vapor o ] W@u{»
. Pressure (MPa)
PANI‘NF'PdNP PANI-NF-PdNP-PPY- SandWICh - HCI-dopedP ANI-NF- PdNP PPY20-2h <)
0.5 - HCOCI-dopedP ANI-NF-PdN
] " =" =
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Kurt E. Geckeler, Nour F. Attia, Conducting network composite material for gas storage o] h MM
and preparation thereof. US Patent 9,802,819. ) S it
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Nour F. Attia, et al, Int. J. Hydrogen Energy. 2013,38,9251-9262
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reduced graphene oxide
e ° i
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b 0.20 5
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Nour F. Attia et al, Journal of Materials chemistry A 2018, 6 (45), 23087-23100

30

Nour F. Attia etal, Chemical Eengineering Journal 2020, 379, 122367
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