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1- Hydrogen production

1- Hydrogen gas is produced from Natural gas (N.G.) and light petroleum
liquid by thermal cracking processes.

The process consists of catalytically reacting mixture of steam and
hydrocarbons (CnHn) at elevated temp. as in the reaction: ¢e> s xell & )
dehydrogenation)

CnHn +n H,O --------- nCO + H,
CO+ HO -----mmmm- CO, + H,

The most used hydrocarbon in these processes is the light hydrocarbons so
N.G. is the source for this process in particular Methane, ethane, propane
gases. CH4, CH3CH3 or CH3CH2CHa3 the process called dehydration.
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Hence, light hydrocarbon (H.C) is the used material for this purpose, the
process can follow the steps as:-
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1- Desulfurization (removing of sulphur) from the H.C gas by contact with
activated carbon to prevent deactivation the cracking catalyst .

2- Vaporized the H.C by steam.

3- mixing of the H.C vapor with steam and passed over a nickel (Ni)
catalyst at 815°C in a furnace, in form of tube, made of steel in combustion.
Addition of steam should be in excess to prevent formation of carbon.
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- However, the produced gases H,, CO and some of CO, are cooled to
about 370°C and the water steam is increased and passed over iron oxide to
convert CO into CO,.

- This process called shift water-gas or (conversion reaction).
Monoethanol aminge uial 8 W i pels Gl sy zllad 52040 ) <l ) o &

Cudall die aliad; 4ia aldill oy 2l () s SIS ) S e (aliaial g Juad (a2l
Al ) Alasy o 085 o5 (e g Gadilly

Then the mixture of H, gas and the traces residue of (CO, CO2) pass over
heated nickel (Ni) to convert CO and CO2 to methane gas as in the
equation:

CO +CO, +Hyp ~--e--- CH, +H,0 + H,
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With more than 20 million tons produced annually, it is used as a precursor

to other commodity chemicals, including formaldehyde, acetic acid, ....etc.

Methanol is also found in abundant quantities in star-forming regions of
space and is used in astronomy as a marker for such regions.
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The European Fuel Quality Directive allows fuel producers to blend up to

3% methanol, with an equal amount of co-solvent, with gasoline sold in
Europe.

China uses more than 4.5 billion liters of methanol per year as a
transportation fuel in low level blends for conventional vehicles, and high
level blends in vehicles designed for methanol fuels.

Ingesting as little as 10 ml of pure methanol can cause permanent blindness
by destruction of the optic nerve .

3ml is potentially fatal.
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CO +H; --------- CH;OH AH=-130mJ
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Production Process of Methanol  zUli 48 )b ce Juada 7 4

Methanol production process is described in table, which gives
some brief about the chemical reactions and the used catalysts in
each method. These processes are established in the

modern production plants:
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Feed Process technology and main Catalyst

stocks reactions

Syngas Methanol synthesis Cu/ ZnO/Al,03
CO+2H, « CH;OH Cu/ ZnOICr,03
CO+3H; < CH3;0H+H,0



http://www.inclusive-science-engineering.com/methanol-production/

Syngas Two step methanol synthesis Potassium methaoxic
CH5OH + CO — HCOOCH; Cu chromite
HCOOCH;+ 2H, « 2CH30H

Methane | Direct oxidation Metal oxides,
CH;+%» 0, — CH30OH (eg MoO; based)

Methane | Bio processing Enzymes eg.,

cytochrome Pys,
methanotropes

Production of Syngas (synthesis gas) from natural gas:

- Synthesis gas (Syngas) is obtained from natural gas.

- Natural gas is desulphurised by passing over activated carbon,
preheated and mixed with steam and CO2 under 2 atm.

pressures.

- The required CO2 for the reaction is obtained by burning
natural gas in excess of air.

CH,+20, (air) — CO,+ H,0
3CH;+CO,+2H,0 — 4CO + 8H,

-The hydrocarbon or Methane gas feed is mixed with steam and
fed to the reforming furnace.
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-The nickel catalyst is packed in vertical tubes of 3-4 inches
diameter and about 20-25 feet long. Heat for endothermic
reaction is supplied by combustion gas.

-The reaction temperature is maintained in the range of 700 -
1000°C; high temperature alloy steel is used for the tubes and the
steel wall of the furnace is refractory lined with copper.

Kg/hr 600-500 ¢85 O cang S 5 e de
-A space velocity of is maintained at 500-600 Kg/hr.

-The effluent reformer il 3\l gas is cooled to 35°C and
pumped to a hot potassium carbonate scrubbing system  aUas
05l a6 A e A13Y s to remove CO,.

- A flow sheet for production of methanol from Synthesis gas is
as shown.

METHAROL PROOUCTION FROM SYNTHESIS GAS
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-Hydrogen and Carbon monoxide in a mole ratio of 2.25 (12%
greater than theoretical) is compressed
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to 3000-5000 psi, mixed with recycle gas Jeléis ye Mxs jle | and
fed w2 5 to a high pressure converter. Internal preheat is usually
employed.

-The reactor is copper lined o«=3lL (s and contains a mixed
catalyst of Zinc, chromium, Manganese or Aluminum oxides.

-The temperature is maintained at 300-375°c by proper space
velocity and heat exchange design.

The reaction is highly exothermic and takes place with a
decrease in volume.

-The enhanced pressure would, therefore result in more
favourable equilibrium (Le Chatlier’s principle).

-The exit gases are cooled by heat exchange with reactants, then
with water to 0-20 °C and then condensed in high pressure
condensers, where methanol is condensed at 3000-4000 psi. The
liquid methanol is drawn off .~ and the residual gases are
recycled
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-The methanol condenses under full operating pressure to
maximize yields (50%conversion per pass).



-The liquid methanol is depressurized, purified by permanganate
to remove traces of Ketones, aldehydes, and other such
Impurities
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sent to a stripper to remove light ends such as dimethylether
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and to fractionators to separate methanol from higher M.Wt
compounds.
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-The methanol from stripper on distillation gives 99% pure
methanol.

-The yield is around 98% with recycling.

- Dimethylether (1-2%) and higher alcohols, such as n-propanol
and isopropanol (0.3-0.5%) are obtained as by products



