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*1 293 K (20 °C), 101325 Pa (1 atm). 
*2 273 K (0 °C), 101325 Pa (1 atm).  

Abv. Description 

AIT Auto Ignition Temperature 

FC Fuel Cell 

FL Flammability Limit 

LH2 Liquid Hydrogen 

GH2 Gaseous Hydrogen 

HFC Hydrogen Fuel Cell 

ICE Internal Combustion Engine 

MIE Minimum Ignition Energy 

NTP Normal Temperature and Pressure*1 

STP Standard Temperature and Pressure*2 

Symbol Description 

 Mass density 

 Efficiency 

# Chapter finished 
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1. Properties 

1.1. General 

Hydrogen is the most common element in the universe ï itôs estimated that 75% of all the universeôs mass consists of 

hydrogen (Table 1). It is also the lightest element with a density of 0.09 kg/m3 (STP). It is odorless (canôt be smelled), 

colorless (canôt be seen), tasteless (canôt be tasted) and non-toxic (no ill effects if inhaled in small quantities). Because 

itôs so light it has escaped Earthôs atmosphere, as Earthôs gravity is not strong enough to hold it here, so if we want it 

we need to produce it. 

Giant molecular cloud formations, consisting almost entirely of hydrogen, are the most massive objects within galaxies. 

Gravity eventually causes the hydrogen to compress until it fuses into heavier elements. 

Both anglo-saxon name óhydrogenô (coming from the greek words óhydorô = water and ógenesô = generate) and roman 

ówaterstofô make reference to the water producing properties. 

Table 1 Current estimation of element abundance (% mass) in the universe (1). Note: including the element being part of other molecules, i.e. not 
only in itôs pure form. 

Rank Element (% mass) 

1 Hydrogen 75 

2 Helium 23 

3 Oxygen 1 

4 Carbon 0.5 

5 Neon 0.13 

 

Table 2 Properties of hydrogen compared to Diesel (2). 

Name Hydrogen Diesel 

Formula H2 CnH1.8n 

Density (kg/m3) 0.09 833 to 881 

Auto ignition temperature (°C) 1131 806 

Lower heating value (MJ/kg) 120 42.5 

Molecular weight (g/mol) 2.02 170 

Flammability limits in air (vol %) 4 to 75 0.7 to 5 

Flame velocity (m/s) 2.65 to 3.25 0.3 

Melting point (°C) (atm pressure) -259 -30 to -18 

Boiling point (°C) (atm pressure) -252 180 to 360 

Octane number 130 30 

Min. ignition energy (mJ) 0.02 0.24 

Explosive concentration with air (%v) 4.1 - 75 1< - 10 

State at NTP Gas Liquid 
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There is a critical temperature above which a gas can no longer be liquefied, no matter how high the pressure. In the 

case of hydrogen the critical temperature is -239.96°C (33.19 K) (For water itôs 374 ÁC). If hydrogen is to be liquefied, 

its temperature must be below this point. 

Similarly, once it reaches a sufficiently high pressure, a gas can no longer be liquefied, even by lowering the 

temperature further. This pressure is known as the critical pressure, and for hydrogen it is 13.1 bar (for water 220 

bar). 

If we set a fluid at its critical temperature and critical pressure at the same time, that setup is the critical point. At the 

critical point of a substance the liquid and gas phase merge (Fig. 1). 

The triple point or three phase point of a substance is the point in the phase diagram at which all three states of 

matter are in thermodynamic equilibrium; for hydrogen this point is at -259.19°C and 0.077 bar. The triple point is also 

the lowest point of the vapor-pressure curve. The vapor pressure curve indicates pressure-temperature combinations 

at which the gas and liquid phases of hydrogen are in equilibrium. To the left of the vapor-pressure curve hydrogen is 

liquid, to the right it is gaseous. To the right of and above the critical point, hydrogen becomes a supercritical fluid, 

which is neither gaseous nor liquid and has properties in-between the two.  

This is important to know because near the critical point, a supercritical fluid deviates considerably from ideal gas 

behavior and small changes in pressure yield large changes in density. At temperatures much higher than the critical 

temperature fluids tend to be more gas like and may be close to ideal gas behavior. 

 
Fig. 1 Triple and critical point of a substance. 

Compared with that of methane, the vapor-pressure curve of hydrogen is very steep and short ï over a small 

temperature and pressure range. As a consequence, liquefaction takes place primarily by cooling and less so by 

compression. By contrast, the compressed storage of hydrogen (at 350 or 700 bar) always takes place as a 

supercritical fluid. 
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Fig. 2 Phase diagram of hydrogen, and of water for comparison. 

Hydrogen has 3 isotopes: protium, deuterium and tritium whose difference is the increasing number of neutrons. 

Protium only consists of 1 proton and no neutrons, deuterium of 1 proton and 1 neutron and tritium, of one proton and 

2 neutrons (Fig. 3).  Depending on whether the protons of an H-H compound rotate in parallel or in opposite directions 

about their own axis (nuclear spin), the two modifications are known respectively as ortho-hydrogen and para-

hydrogen. Ortho-hydrogen (o-H2 ) has a higher energy content than para-hydrogen (p-H2) 

 
Fig. 3 Schematic representation of the 3 isotopes of hydrogen, protium, deuterium and tritium. (3) 

Contrary to tritium, deuterium is stable and represents about 0.015% of all hydrogen. 

References 

(1) nl.wikipedia.org/wiki/Deuterium  

(2) researchgate.net/figure/PROPERTIES-OF-DIESEL-AND-HYDROGEN-12-22_tbl1_279192597 

(3) wolframalpha.com/input/?i=elements+universe+abundance 

1.2. Density comparisons 

Specific energy density (J/kg) of Hydrogen is higher than most gases but volumetric energy density (J/L) is lower. (Fig. 

4). While 1L of gasoline at Normal Temperature and Pressure (NTP) (20 °C, 1 atm) contains 31 MJ, 1L of hydrogen 

in the same conditions only contains 0.11 MJ. Thatôs ~280 times more energy per volume. Even in liquid form, gasoline 

has ~4 times more energy per volume than hydrogen. There is actually more hydrogen in a liter of gasoline (116 g) 

than in a liter of liquid hydrogen (76 g). This alone exposes the need for hydrogen to be stored at high pressure / low 

https://nl.wikipedia.org/wiki/Deuterium
https://www.researchgate.net/figure/PROPERTIES-OF-DIESEL-AND-HYDROGEN-12-22_tbl1_279192597
https://www.wolframalpha.com/input/?i=elements+universe+abundance
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temperature if we want any sort of usable volumetric energy density.1 

 
Fig. 4 Top) Energy density of fuels (1). Bottom) Some properties of common fuels and energy carriers @ NTP. 

References: 

(1) Shell H2 Study 

2. Production 

2.1. Introduction 

Currently ~95% of hydrogen worldwide is produced from fossil fuels such as natural gas2 and coal. The end products 

are usually hydrogen and carbon monoxide. The remaining 5% of hydrogen production is from electrolysis of water or 

biomass gasification. For this reason, currently using hydrogen is not as clean as it is thought to be, as it is just a by-

product of fossil fuel processing and results in considerable carbon emissions, usually as CO2. 

Depending on the method of production of hydrogen, from less to more environmentally friendly we have different 

names for hydrogen: 

Grey hydrogen is the name we give to hydrogen obtained from fossil fuels. 

Blue hydrogen, is named for hydrogen also obtained from fossil fuels but which carbon emissions are captured and 

stored to be reused, in a process that we usually call Carbon Capture and Storage (CCS).  

 
1 As a side note, Uranium and Plutonium-239 have an energy density of 80 000 000 MJ/kg, so almost 600 thousand times more 
energy density than liquid H2 and 2 million times more than gasoline. We donôt currently use the Uranium in this state, so the actual 
density of usable uranium after all efficiency losses are accounted for are less, but this gives still an idea for the end-game potential of 
nuclear energy sources, if ever feasible. 
2 Natural gas is the name given to gas extracted from the depths of earth and which consists of a mixture of gases namely Methane 
(>85%), Ethane (3-8%), Propane (1-2%), Butane, Pentane, Carbon Dioxide, among others. 
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Green hydrogen is hydrogen produced using only renewable energy, typically through the process of electrolysis. 

Have in mind that after production it also needs to stored (pressurized). Compressing a gas requires energy which 

may not come from renewable sources... 

Blue hydrogen might pose a good bridge for the switch between grey and green hydrogen as the cost of green 

hydrogen becomes competitive with that of grey. The captured CO2 can be sold3. As fossil fuel prices increase, so will 

the price of CO2 as much of it is a by-product of fuel production. This increase in price of CO2 can make blue hydrogen 

a cheaper alternative than grey, until green catches up to the two of them and becomes the de-facto choice. 

 
Fig. 5 Processes for producing hydrogen. 

Table 3 Comparison of costs of different hydrogen production methods (2). SMR = Steam Methane Reforming, CG = Coal gasification, ATR = auto 
thermal reforming. 

 

 
3 CO2 in solid and liquid form is used for cooling systems as well as an inert gas in chemical reactions. Itôs also used in many industrial 
applications such as in the manufacturing of electronics, fire extinguishers, for coatings, adhesives, concrete, among many others. 
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As of 2013 centralized gas reforming was the cheapest option to obtain hydrogen from (1.8ú/kg H2), and 

decentralized electrolysis the most expensive (up to 12 ú/kg H2) (Fig. 6). 

 
Fig. 6 Hydrogen production costs for main production methods (1). 

The size and location of the production unit will depend on the demand and supply strategy from that user. Hydrogen 

can be generated from large specialized power plants or decentralized in small plants directly at the point of use or in 

large and subsequently transported by pipeline or lorry to the dispensing stations. 

References 

(1) Ludwig-Bölkow Systemtechnik (LBST), Hinico S.A.,Study on hydrogen from renewable resources in the EU 

(GHyP), München, Brüssel 2015 

(2) P. Nikolaidis, A. Poullikkas / Renewable and Sustainable Energy Reviews 67 (2017) 597ï611 

2.2. Thermochemical Processes 

Hydrogen can be produced in several ways with different raw materials and also using different technology solutions. 

However, the cheapest solution nowadays remains the least eco-friendly, reforming of fossil fuels. Reforming of fossil 

hydrocarbons is by far the most widespread method of hydrogen production. Reforming is the conversion of 

hydrocarbons and alcohols4 by chemical processes into hydrogen, giving rise to the by-products water (vapor), carbon 

monoxide and carbon dioxide. 

The reaction takes place at high temperatures (between approx. 700°C and 900°C) and the conversion is assisted by 

a catalyst. In addition to the raw material, reforming requires an oxidant, which supplies the necessary oxygen. 

Based on the oxidant and the direction of heat transfer (or its inexistence), three basic methods can be identified: 

1. Steam Reforming: Pure water vapor is used as the oxidant. The reaction requires the introduction of heat 

(endothermic). 

2. Partial Oxidation: Oxygen or air is used in this method. The process releases heat (exothermic). 

3. Autothermal Reforming: This process is a combination of steam reforming and partial oxidation and operates 

with a mixture of air and water vapor. The ratio of the two oxidants is adjusted so that no heat needs to be 

introduced or discharged (isothermal). 

Of these the most used one is steam reforming and the most commonly used fuel used in it is methane. This process 

consists of two steps: 

1. Steam-methane reforming reaction ï steam at 700°C - 1000°C reacts with methane at 3 bar ï 25 bar in the presence 

 
4 A hydrocarbon is a molecule consisting only of hydrogen and carbon, so CxHy. An alcohol is a molecule with the generic formula of 
CnH2n+1OH. 
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of a catalyst to form water vapor, hydrogen, monoxide carbon and a small amount of carbon dioxide. This composition 

forms what is called syngas or synthesis gas. 

CH4(g) + H2O(g) + heat ᵶ CO(g) + 3H2(g) 

CH4(g) + 2H2O(g) + heat ᵶ CO2(g) + 4H2(g) 

Syngas = H2O(g) + H2(g) + CO(g) + CO2(g) 

2. Water-gas shift reaction ï this monoxide carbon is then made to react with steam resulting in even more hydrogen 

and a less polluting CO2 product. 

CO(g) + H2O(g) ᵶ CO2(g) + H2(g) + heat 

 

2.3. Electrolysis 

The biggest source of hydrogen atoms is actually in one of the safest and most available substances: water. If hydrogen 

could efficiently be extracted from water, its price would plummet and the number of applications where it would be 

economically feasible to use it would skyrocket. 

Hydrogen can be extracted from the water molecules in a process we call electrolysis. Electrolysis is a process where 

electrical energy (direct current) is used to create and maintain a chemical reaction. To the setup that makes this 

reaction possible we call electrolyser. The electrolyser consists of a DC power source, two electrodes and an 

electrolyte (ionic conductor). The voltage needed between the two electrodes to drive that chemical reaction is called 

decomposition potential. The word ódecompositionô comes from the fact that in electrolysis we are splitting ï or 

decomposing ï molecules. When we supply the decomposition potential to the electrodes an electric current passing 

from one electrode to another through water to decompose water into oxygen and hydrogen. For water, the 

decomposition potential is ~1.23V. This means that if we supply, for example, 1.2 V between the two electrodes no 

decomposition of water into H2 and O2 will occur. 

2 H2O(l) Ÿ 2 H2(g) + O2(g) 

 
Fig. 7 Diagram explaining the basic setup needed to electrolyze water. 

Efficiency of electrolysis is defined by the amount of electricity used to produce an amount of hydrogen. Currently, 

electrolysis efficiency runs around 60-80%, meaning 40-20% of it is wasted as heat/radiation, so not used to produce 

hydrogen. A 100% efficient electrolyzer would consume 39.4 kWh/(kg H2) or (142MJ). This means that we could 

combine oxygen and hydrogen and then split water cyclically indefinitely. This means that we currently need 1.2 ï 1.7 

J to split water from which hydrogen we will then be able to extract 1 J by combining it with oxygen again. 

The efficiency is greatly increased through the addition of an electrolyte5 such as a salt, an acid or a base. For 

 
5 An electrolyte is a substance that gets separated into ions when dissolved in a solvent. Salt (NaCl) is an electrolyte because when you 
dissolve it into water it separates into its ions of Na+ and Cl-. The existence of ions in a solution facilitates electric current because of the 
fact that there are charged particles where the electrons that constitute that current can get propelled to/from. 
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comparison distilled water has 1 million times less electrical conductivity than sea water. Electrolysis of distilled water 

requires then a much greater voltage. 

There are currently 3 main electrolysis technologies to obtain hydrogen from water (these are similar to the 

corresponding fuel cell technology):  

1) Alkaline Electrolysis Cells (AEC). 

2) Proton Exchange Membrane (PEM). 

3) Solid Oxide Electrolysis Cells (SOEC).  

Their main way of working can be seen in Fig. 8. By far the most used is the PEM. 

 
Fig. 8 Functional diagram of the 3 main electrolysis technologies. 

 

 
Fig. 9 Predicted technology suitability with and without production scale-up (RD&D and R&D) 

Resources: 

(1)  sciencedirect.com/science/article/pii/S0360319917339435 

2.4. Other production methods 

Biogenic production with or without the use of microorganisms, ñthermochemical water splittingò and artificial 

photosynthesis, are at earlier stages of development but are other possible ways of producing hydrogen. 

3. Purification 

3.1. Introduction 

The purification process takes place after hydrogen production as we do not get 100% pure hydrogen. There are 

https://www.sciencedirect.com/science/article/pii/S0360319917339435
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always contaminants. Even in production processes such as water electrolysis, where pure or distillated water is 

used, a purification step is often necessary to obtain the desired purity. 

Impurities or contaminants in fuel cells reduce working efficiency and longevity of the system (3). For example, air is 

the most practical and economical way to feed a fuel cell (for the oxygen). However it usually contains oxides (nitrogen, 

sulfur and carbon oxides). These contaminants not only reduce the FCôs longevity but also its power. This effect usually 

gets worse with increasing concentrations of contaminant (Fig. 10). 

 
Fig. 10 a) Effect of H2S contamination on cell performance and lifetime. b) Individual and combined effects of 5ppm NO2 and 5ppm SO 2 in air and 
2.5ppm H2S in fuel on cell voltages and lifetime. c) Average cell voltage as a function of 24h average NO x concentration. d) Effects of CO 
concentration on cell performance. (3) 

 

 
Fig. 11 Example of what a hydrogen purification unit looks like (1). 

Purity is defined by mass percentage as: 
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Note: it does not preclude impurities not tested for (e.g. Sodium, Lithium, Potassium, etc.) 

A hydrogen FC can require the supplied hydrogen to have a purity of up to 99.9999%. 

3.2. Adsorption/desorption processes 

This technology is based on the binding of gas molecules to an adsorbent material. The impurities (adsorbates) are 

adsorbed over a porous solid, like a filter. The separation effect is based on differences in binding forces to the 

adsorbent material. Highly volatile components with low polarity, such as H2, are practically non-adsorbable as 

opposed to molecules like hydrocarbons, CO and H2O. Indeed, these compounds that act as impurities can be 

adsorbed from a hydrogen rich stream and thus, a high purity hydrogen stream can be obtained. 

  
Fig. 12 Left) Polarity of an H2O molecule. Right) Molecules adhering to the surface of an adsorbent material. 

These processes are cyclic, that means when all adsorbent material is full of impurities, the adsorbent material will be 

cleaned. As a result of the cleaning process, the impurities on the adsorbent material are removed and thus the 

adsorbent material is regenerated. This process is called regeneration. After regeneration the cleaning of hydrogen 

flow starts again. 

The adsorbent material solids most used in this kind of purification process are: 

¶ Zeolites6 

¶ Activated charcoal7 

¶ Silica (SiO2) gel. 

¶ Alumina (Al2O3) gel. 

Moreover, there are characteristics of the adsorbent materials that should be understood to design this kind of 

purification process: 

¶ Contaminantïadsorbent affinity (only certain molecules with certain chemical characteristics are retained). 

¶ Pore size (molecules with a certain size are trapped). 

¶ etc. 

All those characteristics have to be studied to choose the proper one. Through the combination of different 

adsorbent materials, several compounds can be eliminated. 

Two adsorber vessels working in parallel are required to provide continuous hydrogen supply. Whilst one is cleaning 

the hydrogen gas, the other one is regenerating. Once the purifying vessel saturates, gas flows are switched due to 

valves with interconnecting piping. Ten or more vessels operate simultaneously at different pressures and 

 
6 Zeolites are microporous, aluminosilicate minerals (Al2SiO5) commonly used as commercial adsorbents and catalysts. 
7 Activated charcoal is a form of carbon obtained from burning carbon rich materials such as wood, processed to have small, low-
volume pores that increase the surface area available for adsorption or chemical reactions. 
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temperatures depending on the processes. 

Depending on the regeneration process there are several types of purification systems, the most used are the 

following: 

3.2.1. PSA (Pressure Swing Adsorption) 

The PSA is the most commonly used adsorption/desorption process, and it follows four basic steps (Fig. 13): 

1. Adsorption 

2. Depressurization 

3. Regeneration 

4. Repressurization 

The PSA process works at constant temperature and uses the effect of alternating pressure, in the range of 10 to 40 

bar, to perform adsorption and desorption. 

  
Fig. 13 PSA process block diagrams. 

3.2.2. TSA (Temperature Swing Adsorption) 

Contrary to PSA, in TSA temperature is made to vary. With increasing the vessel temperature, the impurities that are 

in the solid move towards the gas. It consists in 4 steps: 

1. Feed 

2. Rinse 

3. Heating 

4. Cooling 

The last two are to regenerate the adsorbant. 

3.2.3. PSA + TSA 

Some purifiers use a combination of PSA + TSA system. 

3.3. Selective reactors 

The selective reaction, or the partial oxidation of impurities, allows the removal of trace contaminants, mainly CO and 

O2. This system enables continuous operation. 

In gas streams with CO and O2 traces, CO removal has the priority over the oxygen elimination. For this purpose, 

mixtures of catalysts like ruthenium and copper with lanthanum or cerium-catalysts supported on alumina are used. 

The reaction is highly selective, as it mainly converts CO to CO2 but not H2 to H2O. However, some hydrogen is used 

to remove oxygen when the process only shows oxygen traces, thanks to the presence of catalysts. Such processes 

are sensitive to the presence of sulphur, so it must be removed before beginning the process. 
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When water electrolysis is the source of the hydrogen, particle beds with a little platinum supported on alumina are 

mainly used to promote the oxygen removal reaction with the hydrogen reaction. As a result of this reaction, there is 

the reduction of O2 content to levels of 3 ï 10 parts per million (ppm). Also, the amount of hydrogen is reduced because 

of the trace amounts of hydrogen and so hydrogen loss is minimal. 

Later, a purification stage for separating the H2 from the other generated gases is needed. This stage is really important 

since it enables further separation with membranes or with the adsorption/desorption process. 

3.4. Membranes 

This purification system is mainly used for hydrogen production on a small-scale. This kind of purification employs 

membranes that are permeable to hydrogen but not to other substances such as CO2, CO, H2O, H2S and CH4. Usually 

additional steps are needed, depending on the membranes and hydrogen quality required. For instance, dense metal 

membranes reach high purity in only one step, whereas with polymer membranes intermediate compression and 

cooling stages are necessary. 

One of the more important factors is the transfer area between the gas to be purified and the membrane. The 

temperature is another critical element, since hydrogen mobility through membranes is directly proportional to 

temperature. However, high temperatures can cause membrane breakage. 

There are four types of membranes that are, or can be, used in industrial applications. The mechanisms that enable 

hydrogen purification change depending on each membrane type: 

¶ Polymer membranes, diffusion through the polymer material ï Polymer Membrane Difusion. 

¶ Porous membranes (ceramic materials, coal or metals), via gas size separation. 

¶ Dense metal membranes, hydrogen diffusion and dissolution through the metal. 

¶ Ion-conducting membranes, hydrogen selective diffusion. 

Palladium is very commonly used as a membrane because hydrogen is the only atom capable of diffusing across a 

palladium membrane. The diffusion is driven by a pressure difference and this transference occurs at approx. 400 C. 

To prevent impurity buildup, a small amount of hydrogen is used to vent along with the impurities in the impurities 

outlet. 

 

Fig. 14 Principle of operation of a Palladium membrane. 

3.5. Other 

Cryogenic separation ï the stream of gas is cooled to cryogenic temperatures8, trapping all impurities with the 

exception of helium ï which has a boiling point even lower than hydrogen at 268.9 °C ï in the system. This technology 

 
8 The cryogenic temperature range has been defined as from ī150 ÁC to absolute zero (ī273 ÁC). 
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is mostly used for large scale to offset the running costs of maintaining the system at cryogenic temperatures. 

Metal hydride9 separation 

Solid Polymer Electrolyte Cell 

Catalytic Purification 

References: 

(1) https://www.researchgate.net/publication/320129097_High_Purity_Hydrogen_Guidelines_to_Select_the_Mo

st_Suitable_Purification_Technology  

3.6. Combined production + purification 

It is common that hydrogen is purified immediately after itôs been produced in combined Hydrogen generators + 

purifiers. A few examples follow (Fig. 15). 

PEM / Palladium diffuser process ï The hydrogen gas molecule coming into contact with the palladium membrane 

surface dissociates into monatomic hydrogen and passes through the membrane due to gaseous pressure. On the 

other surface of the palladium membrane, the monatomic hydrogen is recombined into diatomic hydrogen. 

Palladium electrolyzer / purifier ï This process is based on using an electrolyzer cell with palladium as cathode. 

Since only hydrogen is capable of passing through it, at the end we get UHP hydrogen. 

Research suggests that the processes that use Palladium are capable of producing the driest purest hydrogen. So the 

above two processes are actually the ones that result in the highest quality hydrogen. For less demanding applications 

the following two processes can be used. 

PEM / Adsorbent PSA Process ï Contaminated hydrogen flows alternatively through two columns packed with 

adsorbent material, acting as a molecular sieve. 

PEM / Silica Desiccant Process ï hydrogen is produced in a PEM cell and subsequently flows through a stainless 

steel desiccant10 cartridge for moisture removal. The desiccant is commonly made up of silica gel beads. 

 
9 Metal hydrides are materials containing metals or alloys bounded to hydrogen. When pressurized, most metals bind strongly with 
hydrogen, resulting in stable metal hydrides that can be used to store hydrogen conveniently on board vehicles. Examples of metal 
hydrides are LaNi5H6, MgH2, and NaAlH4. 
10 Desiccation is the state of extreme dryness, or the process of extreme drying. A desiccant is a hygroscopic substance that induces 
or sustains such a state in its local vicinity in a moderately sealed container. 

https://www.researchgate.net/publication/320129097_High_Purity_Hydrogen_Guidelines_to_Select_the_Most_Suitable_Purification_Technology
https://www.researchgate.net/publication/320129097_High_Purity_Hydrogen_Guidelines_to_Select_the_Most_Suitable_Purification_Technology
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Fig. 15 Most common hydrogen purification processes. UHP = Ultra High Pure (1) (modified). 

Note in reference to ówet hydrogenô: We say a gas is ówetô when there is some amount of liquid present in it. The term 

describes a range of conditions varying from a humid gas which is gas saturated with liquid vapor to a multiphase flow 

with at least a 90% volume of gas (remember the p-v diagram Fig. 16). The opposite is ódry H2ô which contains no 

liquid phase. 

Note in reference to ódeionized waterô: Deionized Water: Water obtained by passing through ion exchange resins. 

Result is water without charged particles, ions. Organic particles, for e.g., can go through. Distilled Water: Water 

obtained after vaporization and condensation. Result is water with few to none non-volatile compounds. 

 
Fig. 16 General p-v diagram. 


