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Hydrogen
Property Gasoline
Gaseous Liquid

1) Molecule mass 2.016 2.016 107.0
2) Density, g cm’ (20 C,76O mm Hg ) 83.764x10° | 0.0708 | 0.70-0.75
3) Specific heat absorption g_1 K 14.89 9.69 2.20
4) Dynamic viscosity, g em’'s 0.0000875 0.00133 0.002
5) Heat conduction, mW cm' 'K 1.987 1.00 1.31
6) Range of combustion in air in volume, % 4-75 - 1.0-7.6
7) Stoichiometric content in volume, % 29.63 - 1.0-7.6
8) Minimum ignition energy in air, mJ 0.02 - 0.24
9) Self-ignition temperature, K 858 - 501-744
10) Flame temperature in air, K 2318 - 2470
11) Amount of heat energy in percentage emitted by the 17-25 - 30-43

flame in environment
12) Combustion speed in air at normal conditions, cm’'s 265-325 - 37-43
13) Detonation rate in air at normal conditions, Km s 1.48-2.15 - 1.4-1.7
14) Diffusion coefficient in air at normal conditions, 0.61 - 0.05

cm'’s’
15) Rate of diffusion in air at normal conditions, cm’s’ 2.00 - 0.17
16) Rate of rise in air at normal condition, m s 1.2-9 - Unrising
17) Working mixture content-ratio of amount of air and

fuel
(@ ratio of air and fuel (in units of weight) 364.8-4.8 - 25-4.3
(b) ratio of air and fuel (in units of volume) 24-0.3 - 100-16.7
18) Theoretical content of the working mixture
(@ ratio of air and fuel (in units of weight) 34.3 - 15.1
() ratio of air and fuel (in units of volume) 2.38 - 59.5
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Hydrogen
Property Gasoline
Gaseous Liquid

19) Low heat of combustion
(a) Inmass KJ kg 120000 - 44000
(b) In volume KJ cm” - 8496 32560
20) Heat emission from 1 ml stoichiometric mixture, KJ 3.185 - 3914
(@ Combustion products, mg;

H,O 239.0 - 267.5

CO, - - 267.5
® Change of the volume of exhaust gases -15% - +5.5%
21) Comparison of the volume of hydrogen and its

respective gasoline to obtain the same heat

emission, liter
(a) At20 °CandO0.1 Mpa 3.240 3.83 1
(b) At20 °C and 20 Mpa 16.2 - 1

2.2 malulagmswanufalalasiou [15]
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2.2.1 o1anIns lada (Electrolysis Process)
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2.2.2 n5203UMSINIATIIMDN (Photovoltaic Process)
Fumsldndanunaaiensniniulalasnutazeondauisu Photobiological Water Splitting,

Photoelectrochemical Water Splitting
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Partial Oxidation, High-temperature Water Splitting
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Houlsd 1 Reforming Gasification

Primary Method Process Feedstock Energy Emissions
Some Emissions.
Carbon
High Temperature
Steam Reformation Natural Gas sequestration can
Steam
mitigate their
effect.
High temperature
heated from
Thermochemical
Water advanced gas- No emissions
Water Splitting
cooled nuclear
Thermal reactors
Some Emissions.
Steam and oxygen
Carbon
at high
Gasification Coal, Biomass sequestration can
temperature and
mitigate their
pressure
effect.
Some Emissions.
Moderately high Carbon
Pyrolysis Biomass

temperature steam

sequestration can
mitigate their

effect.
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Primary Method Process Feedstock Energy Emissions
Water and algae
Photobiological Direct Sunlight No emissions.
strains
Photovoltaic Anaerobic Digestion
High
Fermentative Biomass Some Emissions.
Temperature
Microorganism
Electricity from
wind, solar,
No emissions.
hydro and
nuclear
Electrochemical Electrolysis Water Electricity from | Some Emission
coal or natural from electricity
gas. production.
Photoelectrochemical Direct Sunlight No emissions.
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2.3 ﬂaulﬂmi!ﬂﬂ‘lJg]ﬂisnsllﬂ\‘imﬁﬂi%’lﬁ"lm“ﬂ@ﬁ (Reaction Mechanism of

Electrolyzer) [16]
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Species i Activity replacement
Pure solid a, =1
Pure liquid a, =1
[e] [e] 5
Pure gas or component of a gas mixture a,=p/p ,(p =10 Pa)
Solvent a, = 1
[e]
Nonionic solute at low or moderate concentration a, = c¢/c

[e]

e(c =10°molm>)

o

Nonionic solute at moderate or high a, =v,c/c

concentration
(y, = must be measured)

o

Ionic solute in a solution of extremely low ionic a, = c¢/c
strength
Ionic solute in aqueous solution of low or P i [—z? |+}
C e PR 727 molm — 3

moderate or high concentration

o

Ionic solute in a solution of extremely high ionic a,=vy,c/c (y,isapartof y4,

strength
which must be measured)

Langmuirian adsorbate a, = l—‘/(l—‘imaX -I')
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Cathode Anode
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Hydrogen Oxygen
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o ® E’ %
Hydrogen. §' e o
Bubbles @ o o0 g;:g‘l:
@ (o]
@ e ©
(o]
Electrolyte Solution
Standard Electrolysis
31 2.1 a)) anvazveIRII YN b.) GNHULVOIUHY diaphragm
Jar cell Diaphragm cell Combination cell
- -
6%‘ LE 5
:1 .02 Hz. B
=
g CEESC
5 —F 3 2
e 13 =t-8
—— =1
Container cell
__":._ 5
.;:h Oz !Mz|1-9
= e 2
3 =
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M3190 2.4 avans ﬁw"lﬂ%’h (Electrical conductivity of various materials most at 298K) [15]

Material KSm' Charge carriers
Superconductors(low temp.) o0 electron pairs
Ag 6.3x 10’ electrons
Cu 6.0x 10’ electrons
Hg 1.0x 10° electrons
C(graphite) 4x 10" pi electrons
Doped polyrrole 6x 10’ pi electrons
Molten KCI1 (at 1043 K) 217 K and CI
5.2 M H, S0, (battery acid) 8.2 H' and HSO,’
Seawater 5.2 cations and anions
Ge 2.2 electrons and holes
0.10 M KC1 1.3 K and CI
H,0 57x10° K and OH’
Typical glass 3x10"° univalent cations
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Model ; Y, = M+ T, +E; (2.6)
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