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This invention relates to steam reforming
of & light hydrocarbon yilelding a mixture of hydrogen
and cerben monoxide. More particularly, the invention
contemplates g process and system by which hydrocarbons
heavier than metheane can be reformed without prohibitive
steam reguirements.

In the steam reforming process it iz well
knowh to pess steam and a hydrocarbon through a reformer
furnace via catalyst filled tubes. A plurality of
catalyst tubes are generally arrahged in parallel flow
through the combustion chamber of the furnace. This
gystem is acceptable in reforming methane. DBut heavier
hydrocarbons reguire very high steam flow to minimize
coking. The quantity of steam %o prevent excesgive
coking when hydrocarbons heavier than methane is used
becomes vastly greater than the steam consumed in
reforming the hydrocarbon. A relatively predictable flow
of steam is known t0 be reguired for coke prevention in
each fube. With {tubes arranged in parallel, coke
preventlon steam must be provided for each of the
par#allel paths., Total steam input is approximateiy
the steam reguirement for coke-free reforming in one
tube times the number of parallel tubes. Thua in
conventional systems, the steam requirement becomes
inordinate.

The foregoing problem is here solved in a
novel and facile manner. Reduction of steam requirement
18 necessary for commercisl accepitability. Toward this
objective, a pluraliiy of tubes are arranged in flow

series., Suffiecient steam to prevent excessive coking

1 K




10

15

20

25

30

690403

in one tube ie passed serially through the tubes.

By this expedient the same steam flow is employed to
prevent coking in all of the tubes. Enough steam ig
also provided to reform the hydrocarbon feed introduced
into eagch tube. But the hydrocarbon, reaction steam
and produet flows are small in comparison with the

coke prevention steam.

Basically this teaching offers commercial
acceptabiility to reforming bydrocarbons heavier than
methane. Thermal balance is improved because steam
requirements are reduced to guantities attailnable by
waste heat recovery from reformer furnaces.

These and other advantages will appear more
fully from the accompanying drawing which schematically
illustrates a system embodying this invention.

In the drawing a flow path includes a plurality
of heated catalyst filled zones shown as first tube 1 and
second tube 2 dlsposed in combustion chamber 3 of a
refermer furnace generally designated 4. Burners heat
tubes 1 and 2. O0f course tube banks may be regarded as
the equivalent of these tubes within the context of
this disclosure. '

Catalysts contemplated for service in these
tubes may be any commercially available variety selected
from the group consisting of nickel oxide, nickel-
thoria-magnesia, nickel-alumina-magnesia, nickel-
maghnesia, nickel on carbon or‘nickel on aluminag,

Other suitable catalyste may include cobalt molybdate
supported on alumina, s group VIII metal on metal oxide
on a sultable support, nickel and iron on a support or

carrier, and the like.
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The crux of this invention is to use the
same steam flow to prevent coking in more than one tubse,
Toward this objective, series means shown as U~bend
coupling 6 is connected between tubes 1 and 2 to arrange
the tubes in flow series, Flow through first tube 1 ism
downward while flow through second tube 2 is upward.,
First tube 1 has upstream end 7 and downstream end 8.
Second tube 2 has upstreazm end 9 and downstream end 1l.
The tubes are maintained at superatmospheric pressure.

Steam is communicated via line 12 to upstreem
end 7 of first tube 1 for passage through the first tube
1, coupling & and second tube 2. Means for exhausting
gases from downstream end 11 of second tube 2 are sghown
as exheust line 13.

A supply of gaseous hydrocarbon feed is
communicated to line 14. With sufficient steam, 1t
is known that hydrocarbons of the paraffin series with
from two to ten carbon atome in thelr molecules are
reformadble to yield carbon monoxide and hydrogen. These
hydrocarbons ere ethans, propane, butane, pentane, hexane,
septana, octane, nonsne and decane. Petroleum naptha,
gasoline, diesel oil and mixtures of the foregoing may
aleso serve as the feed. If a particular relationship
of carbon monoxide and steam is desired, carbon dioxide
may be added to the feed.

A portion of the hydrocarbon feed is reformed
in each of the tubes, The hydreocerbon is divided into
first portion 16 and second portion 17 at Junciure 18,
Line 16 communicates the first portien of the feed to

upstrean end 7 of first tube 1. Line 17 communicates
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the second portion of the feed to upstream end 9 of
second tube 2 via ooupling 6. The carbon monoxide and
bydrogen product from first tube 1 constitute a small
portion of the total flow in tube 2 so tubes 1 and 2
are usually the same size.

It will be apparent that wide changes may be
made in the details of the shown embodiment without
departing from the spirit of invention defined by the

claims.
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WHAT IS CLAIMED IS:

1. A process for manufecturing a mixture

of carbon monoxide and hydrogen from a hydrocarbon feed
seleoted from a group consisting of a hydrocarbon of the
paraffin series having from one to ten carbon atoms

in its molecule, petroleum naphtha, gasoline, dilesel

oil and mixtures thereof; the process comprising the
gsteps of passing steam through a flow path inecluding

a plurality of heated catalyst filled zones arranged in
flow series, mainteining the zones at superstmospheric
pressure, dividing the hydrocarbon feed info at least
two portions, introducing each of the portions upstream

of a different zone of the zones.

2, The proceps of Claim 1 with butane as the

hydrocarbon feed.

3., A pystem comprising a reforming furnace
which defines a combustion chamber, a first tube and &a
second tube each filled with a suitable catalyst and
disbosed in the combustion chamber, meens for maintaining
the tubes at superatmoapheric pressure, series means
connecting the tubes in flow geries relationship,
each of the tubes having an upstream end and s downastream
end, means for delivering steam to the upstream end of
the first tube s0 that 1t passes serially through the

first snd second tube, a supply of hydrocarben fesd,
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means for dividing the hydrocarbon feed into a first
portion and a gecond portion, means for communicating
the first portion of the feed to the upstreasm end of
the first tube, meane for communicating the seccnd

vortion of the feed to the upstreem end of the second
tube, means for exhausting geses from the downetreanm

end of the second tube.
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