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The invention relates to a process for the preparation of gases
containing hydrogen and oarbon monoxide by partial combustion of hydro-
carbons, preferably with addition of steam, in which the converaion takes
place in a reaction chamber which is provided on one side with one or mors
burners to which the hydrocarbons and the oxygen or the oxygen-containing

. 858 and the steam, If any, are pupplied and which reaction chanber is

provided on the other stde with a device for the discharge of the reac-
tion product. The invention further relates ﬁo an apparatus suitable for
carrying ou_i‘- that process. o

' Suitabls for oonversion are hydrooarbens in any state of aggrega-
tion. Substances in the solid state such as asphaltioc bitumen, petroleum.
coke, soot or asphaltenes, will, however, first have to be brought to a
condition in which they can be pumped; which may be done for instance by
melting or by changing the solid into a slurry.

It 18 customary for thia conversion to be made to take place in
'an empty reaction chamber enclosed by a mainly cylindrical wall. The oxygen
required for the partial combustion is supplied as substantially pure
oxygen or as alr to which extra oxygen has been added. Air also can some-
times be used. Often steam is likewlse added to the reaction mixture. The
ratio by welght between steam and hydrocarbon may vary considerably,
preferred values of this :"atio being those 1In the range from 0.1 to 0.7.
The steam may either bs mixed with the oxygen or be introduced together
with the hydrocarbons; 1if the lwdmcarbona are in the liquid state the stesm
may promote the atomization thereof. Sometimes carbon dioxide slso 1a added.

The pressurs is the reaction chamber may vary from substantially
atmospharic pressure to a pressure of 120 atm. Preferably the pressure is
chosan to have a value between 20 and 60 atmospheres. The temperature may
ba 1200-1500 *C, a value of approx. 1300 “C being preferred.

The product alweys contains a certain quantity of scot which has
to be removed from it. The formation of the soot makes 1t necessary to
subject the gas to an extra treatment to effect separation of the soot from
the snu’ and for this purpose rather expensive equipment is required. Another
reason to prevent the formation.of soot as far as possible is that the moot
is formed at a llorifloe in gas yleld.
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The invention provides a process and an apparatus which make 1t
possible to obtein a product the scot content of which is considerably
lower.

According to the invention the reaction mixture is passed through
a firast gone which ia located on the side of the burner, or umers, and
whera a thorough mixing takes place whlch promotes the transfer of heat
from the combustion gases to the hydrocarbons that have not yet been con-
verted, and is subsequently passed through a second zone, which 18 located
on the side of the discharge device and which comprises at least three
theoretioal mixing stages in which the reaction is completed while the
sonversion of moot to gaseous compounds is promoted.

In the pressnt process for the formation of synthesis gas a part
of the hydrocarbon feed is bumt with the oxygen. The heat formed in this
sombustion ia transferred to the remaining hydrocarbons as a result of
which these are being cracked. Converasions with the combustion geses formed
in the partial comiuation and with steam are of importsnce for these cracking
reactions.

Mostly, in the cracking reactions a small quantity of soot 1s
formed. This soot may be reconverted to gaseous compounds, for instance by
reaction with carbon dioxide or steam present in the reaction mixture or
sdded to it, whereby carbon monoxide or a mixture of carbon monoxide and
hydrogen 1s formed.

It is of importance that the transfer of heat from the combuation
gases to feed that has not yet or not yet completely been converted should
teke place as rapldly as possible in order that a uniform temperature dia-

‘tritution is obteined. This has a favourable effect on the course of the

oracking process. A rapid heat transfer may be obtained by a thorough
mixing of the reactor contents. Thorough mixitg may be effected, for
instance, by introduqmg one or more gas streams in such & way that they
perform a rotational movement.

The rate at which the soot 1m converted to gaseous compounds ia
comparatively low. Thus, 1t is the residence time of the soot particles
during the reaotion whioch to a h'rgc extent determines the fimal acot con-
tent of the product gas. In this gonnection it 1s of greal importance that
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the residence time of the soot particles is as homogeneous as possible,
because sn inorease in the spread of the residence time at a specific
average residence time results in a higher soot content of the product gas.
A decresse in the spread of the residenas time is effected by measures being
conduclve to the flow obtaining the characterlistios of a plug flow.

The concept of a "theoretical mixing stage" serves to more exactly
indicate the naturs of the flow through a reactlon zone. A reaction zone
16 sald to have n theoretical mixing stages when the spread of the residence
time of the volume elements of the stresm supplied is in fact equal to that
of n tdeal mixers conneoted in series. By an ideal mixer is understood a
syatem where mixing i3 such that fha-oompoaitim has the same value every-
where. These subjects are d:luousued in detail in Lev.enupiel. "Chemiaal
Reaction Engineering", New York, 1962, particularly on page 99 and following
pages and in Chapter 9.

By carrying out the proaess in two rones it ia possibla to meet
the - opposite - requirements conoerning the mixing and the homogeneity of
the residence time. i

Cwing to the mixing in the first zone the heat tranafer can take

place rapidly end a uniform temperature distribution develops. This has

a favourable effeot on the course of the oracking reactions and counteracts
the formatlon of soot; in addition, this prevents the ocourrence of local
high temperatures, which might cause demage to the walls by vhich the zone
is bounded. .

The plug flow in the second Zzone ensures that the spread of the
restdence time 15 small. Thus, on the one hand 1t becomes poseible to prepare,
at a specific average residence time, a gas with e lower soot oontent at a
smaller loss of starting material, while, on the other hand for the produc-
tion of a gas with a speoific ecot content a lower average residence time
may suffice., This may result in a simplification of the equlpment for the
separation of thé soot and in a reduction of the size of the reactor re-
quired for the process. The sald advantages are already obtained when the
second zone comprises three theoretiocsl mixing stages. Naturally, a
much larger number of mixing stages, for instanoe several hundred, 1ia
favourable with a view to obtaining these adventages %o & larger extent.
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Existing reactors rather have the charaoter of an ldeal mixer.

A suitable apparatus for aarrying out the process is obtained 1f
the first zone consists of an essentialily eylindrical chember which is
provided with devices for the supply of the reasction mixture and where the
ratic between length and diameter is at most 6, preferably 1-3, and if the
gecond zone consists of sn essentlally eylindrical chamber which ocommunioc-
ates with the firat ohamber and is in a coaxial position relative to that
shamber, whose diemeter is O. 5-0.8 timen the diameter of the first shamber
and whose length has been .chosen so ‘that that zone oomprises at least
three mixing stages. ‘

The length of the first zone is reckoned between the bumer port
and the extreme end of the wide cylindrical section. The length of the pecond
zone is reckoned between the initial part of fhe narrower cylindrical sec-
tion and the bottom of that section.

If the ratio between the length and the diameter of the chamber
forming the first zone is at moat 6, then a flow being promotive to a
thorough mixing of all that is contained in that chamber can be maintalned
therein in a simple way. Such a flow oan be aohieved for instance by intro-
duoing the hydrocarbons and/or the oxygen, or the oxygen-contalning gas,
requi.red for the combustion in such a way that thepe will perform a
rotational movement about the centre 1line of the ohamber. Also, as a result

of this a vortex may be formed _in which baokflow of gases occurs along the

centre line.

By taking the diameter of the chamber forming the second zone 80
as to be smaller then that of the first zone, the condition of the second
vompirrising at least three theoretical mixing stages oan easily be met. Al-

though the length required for this 1s in the first place dependent on the
diameter, other factors, such as, for instance, the way in which the gas
flows into that chamber, may also have an influence in this respect. This
length may lie in the range between 1 and 5 times the dismeter of the firat
zone. However, it will always be possible to determine’ the required length
by means which in themselves are known, vhile, in addition, wodel teats may
ba used for this purpose. In this emeotlm the reader is referred to the
aforementioned book by Levenspiel, Chapter 9,
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Tt 1s advantagecus for a conical chamber to be present as a
connection between the chambers forming the first and the second zone. A8
& result, the change in the cross seotlon of the reactor will be more
gradual so that,.for instance, the formation of vortices In the chamber
of the second zone, which would make it diffioult to achlave the deslired
plug flow. ia counteracted. A length of the conleal chamber that is
suttable for this purpose is equal to 0.2-O. 6 times the diameter of the
chamber forming the first zone. The length of this connesting chamber is
not ingluded in the aforementioned lengths of the first and the second zone.

The tnvention will now be further elucidated with the ald of
the drawing in which 1s represented a longitudinal gection through an
embodiment of an apparatus ascording to the invention. Here item 1 is
the chamber forming the first zone, item 2 the chamber forming the
sesoond zone. The reactlon mixture is supplied to a burner 3 uhich via the

. opéning & communicates with the chamber 1. The burner is provlded with a

tube § for the supply of hydrocarbons and with openings 6 for the supply

of oxygen or of an oxygen-containing gas. The openings 6 are so arranged

that the gas introduced will perform a rotational movemant about the centre
line of the burner. The chamber 2 15 provided with a device T for the dis-
charge of the product gasi a conical connecting section B is located batween
the chambers 1 and 2.

EXAMPLE

For the partial combustion according to the invention of 100 tnne
mrdrooarbona a day with the ald of approx. 120 tons oxygen and approx.
50 tons of steam at a reaction température of 1200 *C and a pressure of
35 atm. use may be made of a reactor as illustrated in the figure, where
the firat zone has a diameter of 1 m and a length of 1.7 m and the second
zone a diameter of 0.6 m and a 1eng;t.h of 3m, the conioal connecting section
having a length of 0.25 m. There 1s thus obtained approx. 300,000 normal mj
ges per day consiating of carbon monox:ldo and hydrogen, the product gas con-
tdn!.ng only a few percent soot.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for the preparation of gases containing hydrogen and carbon
monoxide by partial combustion of hydrocarbons, with or without the addition
of steam, in which the conversion takes place in & reaction chamber which is
provided on one side with ons or more burners to which the hydrocarbons and
the oxygen or the oxygen-containing gas and the steam, if any, are supplied
snd which reaction chamber is provided on the other side with a device for

the discharge of tha reaction product, characterized in that the reaction
mixture is passed through a first zone, which 1s located on the side of the
burner, or burners, and wheres a thorough mixing takes place which promotes

the transfer of heat from the combustion gases to the hydro~carbons that have
not yet been:converted, and is subsequently passed through a second zone which
is located on the side of the discharge device and which comprises at least
three theoretical mixing stages in which the reaction is completed while the

converaion of soot to gaseous compounds is promoted.

2. An apparstus suitable for carrying out the process according te
Claim 1, characterized in that the first zone consists of an essentially
eylindrical chamber which is provided with devices for the supply of the
reaction mixture and whers the ratio between length and diameter 1s at most

6 and that the second zone conslsts of an essentially cylindrical chamber
which communicates with the first chamber and is in a cosxial position
relative to that chawber, whose diameter is 0.5-0.8 times the diameter of

the first chamber and whose length has been chosen so that the zone comprises

at least three mixing stages.

3. An apparatus as claimed in claim 2 in which the ratio between length

and digmeter is 1:3.

L An apparatus according to claims 2 and 3, charscterized in that the

chambers of the first and second zone are connscted by a conical chamber.

5. An apparatus according to clalm 4, characteriged in that the length

of thé conical chamber is 0.2 - 0,6 times the diameter of the chamber forming

3

the first zons. 7
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