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Title: Process for the production of synthesis gas

The present invention relates to a process for the production of synthesis gas.

Synthesis gas is typically produced by reforming a hydrocarbon feed stock either by
steam reforming (SMR), secondary reforming, such as autothermal reforming (ATR)

and two-step reforming with SMR and ATR in series.

The synthesis gas leaving the reforming process contains hydrogen, carbon monoxide

and carbon dioxide together with unconverted hydrocarbons, usually methane.

The synthesis gas contains additionally small amounts of nitrogen stemming from the

hydrocarbon feed or from the air employed in the secondary or autothermal reformer.

The nitrogen will cause formation of ammonia in the reforming section corresponding to
the conditions in the last reforming step. The ammonia formation is an equilibrium reac-

tion.

In number of process applications, carbon monoxide and carbon dioxide contained in
the synthesis gas from the reforming process must be removed prior to synthesis gas
is introduced into the process. This is in particular true in the preparation of ammonia

and hydrogen.

For this purpose, carbon monoxide is converted to carbon dioxide, which can be re-

moved by known chemical or physical carbon dioxide processes.

Carbon monoxide is converted to carbon dioxide by passing the synthesis gas through
a shift section where carbon monoxide is converted to carbon dioxide by the water gas

shift process.
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It is well known that a shift reaction cannot be performed without formation of by-prod-
ucts. Most Shift catalysts contain Cu. For these catalysts, one important by-product
formed in the shift reaction is methanol. Methanol reacts to amines with ammonia
formed in the reforming process from the nitrogen being present in the hydrocarbon

feed and/or in air as mentioned hereinbefore.

The shifted synthesis gas is subsequent to the shift section cooled and passed into a

condenser where process condensate is separated from the shifted synthesis gas.

The ammonia and amines contained in the shifted synthesis gas are condensed out to-

gether with the process condensate after the shift section.

Typically, the process condensate is send to a medium pressure (MP) steam stripper
where dissolved gases inclusive ammonia and amines are stripped off with steam in or-
der to allow the stripped condensate to be passed to boiler feed water (BFW) water

treatment.

The medium pressure is defined as a pressure which is 0.5 bar, preferably 1 bar,

higher than the pressure inlet the reforming section

The steam exiting the steam stripper contains the dissolved gases and the ammonia
and amines by-products. According to the invention, a part of this so-called stripper

stream is added to the hydrocarbon feed and/or to the synthesis gas downstream the
reforming section and upstream the last shift reactor. The remaining part of the strip-

per steam is purged.

The amines react in the reforming section to N, CO,, CO, H, and H2O.
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The ammonia and amines added downstream the reforming section and upstream the
last shift reactor will accumulate in the section and thus cause increased level of am-
monia and amines in the process condensate. Newly formed ammonia is continuously
admitted to the shift section from the reforming section. The formed amines and the re-
sidual ammonia will only be removed by stripper steam admitted to the reforming sec-
tion. The stripper steam added downstream the reforming section does not contribute
to the removal of amines. Addition at this point is only to control steam/drygas at inlet of

the shift section.

A problem arises when the content of amines is high in the feed steam to the reforming
section as this leads to carbon formation in the reforming section either in the preheat

equipment or on the catalyst bed.

The invention solves this problem by purging a required part of the stripper steam thus

reducing the amine level at inlet of the reforming section to an acceptable level.

Thus, the invention is a process for producing synthesis gas, the process comprising
the steps of

a) reforming a hydrocarbon feed in a reforming section thereby obtaining a synthesis
gas comprising CH4, CO, C0O2, H2 and H20 and impurities comprising ammonia;

b) shifting the synthesis gas in a shift section comprising one or more shift steps in se-
ries to a shifted synthesis gas;

c) separating from the shifted synthesis gas a process condensate originating from
cooling and optionally washing of the shifted synthesis gas;

d) passing the process condensate to a condensate steam stripper, wherein dissolved
shift byproducts comprising ammonia, methanol and amines formed during shifting the
synthesis gas are stripped out of the process condensate using steam resulting in a
stripper steam stream,

e) adding a part of the stripper steam stream from the process condensate steam strip-
per to the hydrocarbon feed and/or to the synthesis gas downstream the reforming sec-
tion, up-stream the last shift step, wherein

the remaining part of stripper steam is purged.
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In an embodiment of the invention, the condensate steam stripper is a medium pres-
sure stripper. The medium pressure is defined as a pressure which is 0.5 bar, prefera-
bly 1 bar, higher than the pressure inlet the reforming section. This enables the stripper

steam to be used as process steam.

In a further embodiment all stripper steam can be admitted downstream the reforming
section upstream the last shift reactor. The built-up of ammonia and amines in the shift

section will in this case be control by the rate of stripper steam purge flow.
The purge of the stripper steam can be handled in different ways.

In an embodiment of the invention, the purge stripper steam is passed to a hydrocar-

bon combustion step.

In this embodiment it is preferred that the hydrocarbon combustion step is the fuel side
of a steam reformer or that the hydrocarbon combustion step is the fuel side of a fired

heater.

Additionally, it is preferred that the purge stripper steam is mixed with the combustion

air or hydrocarbon fuel before entering the hydrocarbon combustion step.

The amount of purged stripper steam can be adjusted to reject all or part of the amines
from the stripper stream added to the hydrocarbon feed and/or to the synthesis gas in
step (e). In case of partly rejection, remaining amines can be removed by admitting an
acceptable level of amines to the reforming section via the stripper steam from the con-

densate steam stripper.

The stripped condensate leaves the bottom of the condensate steam stripper and is

send to water treatment.

Example

Reference is made to Fig. 1
The stream numbers in the tables below refers to the reference numbers in Fig.1
Table 1 shows a case for removing formed ammonia and amines by converting these

in the reforming section by adding 8.4% of the stripped steam to this unit.
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Table 2 shows a case for removing formed ammonia and amines by purging 8% of the

process condensate.

There is in both cases the same built-up of ammonia and amines in the shift section.
This built-up can be reduced or removed by admitting all the stripped steam to either

the reforming section or the process condensate purge.



PCT/EP2021/055051

WO 2021/175785

|l Slqel

€e

o¢

o¢

9¢

€e

y/6

sauIWY

oy

ovv

08t

08y

o8y

424

A7

oy

6/6

eiu
-owILy

/8

G6

acl

14

Gac

891

00}

6

u/L

MO|4

Ll

ol

weans




PCT/EP2021/055051

WO 2021/175785

U/6M
0 e e > 9¢ o¢ e 0 0 0 | saulwy
6/6)
elu
0| s8er| s8ev Ob | 8ir| 8ir| o08F v 0 0 | -owwy
u/L
0 /8 /8 8| GclL| &Sz| GSZ| 89L| O0OL| O00L| Mol4
Ll oL 6 i 9 g v € Z | | weans

Z¢?olqel



