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Title; Process for Reforming Hydrocarbons

The present invention relates to a process for production

of gas rich in hydrogen, particularly synthesis gas for

the production of ammonia, methanol, dimethyl ether

(DME) , hydrogen and hydrocarbons by Fischer-Tropsch syn

thesis. More particularly, the invention relates to the

production of synthesis gas by means of a series arrange

ment of radiant furnace reforming, heat exchange reform-

ing and autothermal reforming stages, in which the heat

required for the reactions in the heat exchange reforming

stage is provided by hot effluent synthesis gas from the

autothermal reforming stage, and a cooling medium is

added to the heat exchange reforming stage.

The use of a product stream of reformed gas as a source

of heat in heat exchange reforming is known in the art.

Thus, EP-A -0033 128 and EP-A -0334540 deal with parallel

arrangements, in which a hydrocarbon feed is introduced

in parallel to a radiant furnace and heat exchange re

former. The partially reformed gas from the radiant fur

nace is then used as heat source for the reforming reac

tions in the heat exchange reformer.

Other parallel arrangements combine heat exchange reform

ing and autothermal reforming. EP-A -0983963 , EP-A -1106570

and EP-A -0504471 deal with processes in which a hydrocar

bon feed is introduced in parallel to a heat exchange re

former and an autothermal reformer. The hot product syn-

thesis gas from the autothermal reformer is used as a

heat exchanging medium for the reforming reactions occur

ring in the heat exchange reformer.



In many instances it is necessary to incorporate a steam

methane reforming stage by means of a radiant furnace in

the process. Thus, other processes for the production of

synthesis gas combine heat exchange reforming, a radiant

furnace and autothermal reforming. US Patent No.

4,079,017 discloses a process in which a hydrocarbon feed

is introduced in parallel to a radiant furnace and heat

exchange reformer. The product streams from both reform-

ers are combined and introduced to an autothermal re

former, and the product gas from the autothermal reformer

is used as heat source in the heat exchange reformer.

In EP-A-0440258 we disclose a process in which the hydro-

carbon feed is first passed through a first heat exchange

reformer to provide a partially reformed stream. The par

tially reformed stream is then introduced in parallel to

a radiant furnace and a second heat exchange reformer.

The product streams from both reformers are combined and

introduced to an autothermal reformer. The product gas

from the autothermal reformer is used as heat source in

the second heat exchange reformer, while the product gas

from said second heat exchange reformer is used as heat

source in the first heat exchange reformer.

Series arrangements are also known in the art. Our patent

DK 148882 discloses a process for production of synthesis

gas, in which the hydrocarbon feed is passed through a

heat exchange reformer and an autothermal reformer, and

where the product gas from the latter is used as heat

source in the heat exchange reformer . US Patent No .

4,824,658 and US Patent No. 6 ,296, 679 (Fig. 2 in both ref-



erences) disclose a process in which the entire hydrocar¬

bon feed is first introduced to a heat exchange reformer,

then passed to a radiant furnace and finally to an auto

thermal reformer. The product gas from the autothermal

reformer is used as heat source in the heat exchange re

former.

US 4,376,717 and our US 2009/0184293 disclose a process

in which a hydrocarbon feed is first passed through a ra-

diant furnace (tubular reformer) ; the partially reformed

gas is then subjected to heat exchange reforming and fi

nally to autothermal reforming. The product gas from the

latter is used as heat source in the heat exchange re

forming. In our US 2009/0184293 we found specifically

that by providing a process in which the entire hydrocar

bon feed is passed through a radiant furnace, a heat ex

changer reformer and an autothermal reformer in a series

arrangement, the risk of metal dusting is significantly

reduced. In otherwise conventional processes such as heat

exchange reformers in parallel to or in series with ei

ther a radiant furnace or an autothermal reformer, metal

parts of the heat exchange reformer experience low tem

peratures as effluent gas from the autothermal reformer

cools during its passage through the heat exchange re-

former. Accordingly, metal parts of the heat exchange re

former fall within the prohibitive range of metal dusting

temperatures .

JP 59217605 discloses an apparatus having a shift reac-

tion part for CO in addition to a reforming part in a

body shell, capable of giving hydrogen from hydrocarbons



in a compact apparatus . The reforming reaction receives

heat from a combustion catalyst bed.

We have now found that by providing a process in which

the entire hydrocarbon feed is passed through a radiant

furnace, heat exchanger reformer and an autothermal re

former in a series arrangement, and a cooling medium is

added to the heat exchange reformer separately from the

actual process gas fed to this reformer, the risk of

metal dusting is not only significantly reduced, but a

considerably less expensive heat exchange reformer can be

realized. Despite the fact that heat exchange reforming

is an endothermic process and consequently requires an

energy input, the addition of a cooling medium, prefera-

bly steam, to the heat exchange reformer creates a cold

end in the metal parts of the reformer which makes it

possible to construct a relatively cold tube support for

the tubes in the reactor. At the same time the steam flow

is sufficiently low so that the parts of the reactor be-

ing in contact with the cooled gas from the autothermal

reformer (or secondary reformer) are still at a suffi

cient temperature level where the potential for metal

dusting is reduced or eliminated. Thus the advantage of

keeping the temperature of the reforming tubes above or

close to the metal dusting limit is maintained at the

same time as a cold end is created, said end allowing

the tubes to be supported. This enables the use of mate

rials that are not specially developed to withstand metal

dusting, while at the same time the reforming performance

is not impaired.



Accordingly, as defined in claim 1 we provide a process

for the production of synthesis gas from a hydrocarbon

feedstock, comprising the steps of:

(a) reforming the hydrocarbon feedstock by adding

steam to said feedstock to form a hydrocarbon- steam mix

ture, passing the hydrocarbon-steam mixture through a

first reforming stage in a radiant furnace provided with

a plurality of catalyst tubes which are heated by means

of burners arranged within said radiant furnace, and

withdrawing a partially reformed hydrocarbon stream;

(b) passing the partially reformed stream from the

radiant furnace through a second reforming stage in a

heat exchange reformer provided with a plurality of cata

lyst tubes in indirect heat conducting relationship with

at least a portion of hot effluent of synthesis gas from

step (c) , and withdrawing from the heat exchange reformer

a cooled effluent of synthesis gas and an effluent stream

of partially reformed hydrocarbon stream;

(c) passing the partially reformed hydrocarbon stream

from the heat exchange reformer through an auto thermal

reforming stage (ATR) provided with a fixed bed of cata

lyst, or a partial oxidation stage (POx) optionally pro

vided with a fixed bed of catalyst, and withdrawing a hot

effluent stream of synthesis gas of which at least a por-

tion is used as heating medium in the heat exchange re

former of step (b) ,

characterised in that the process further comprises add

ing a cooling medium to the heat exchange reformer of

step (b) .

Particular embodiments are defined in sub-claims 2 to 10.



By the term "catalyst tubes" is meant tubes filled with

particulate catalyst thereby forming a fixed bed, or par

ticularly for the radiant furnace tubes in which the

catalyst is adhered as coating or coated in a foil

adapted to the inner perimeter of the tube, or tubes in

which the catalyst is coated or impregnated on structural

elements such as monoliths adapted within the tubes.

By "indirect heat conducting relationship" is meant that

there is no direct contact between the catalyst and the

heating medium, and thereby between the flow passing

through the catalyst and the heating medium because they

are separated by a metal wall, i.e. the wall of the tube

containing the catalyst.

It is obvious to a person skilled in the art that when

producing ammonia, the autothermal reforming stage (ATR)

is actually a secondary reforming stage.

In some instances, the partial oxidation stage (POx) is

conducted without catalyst, but preferably the partial

oxidation stage (POx) is provided with a fixed bed of

catalyst .

Preferably, in connection with the above and one or more

of the below embodiments the process further comprises

adding the cooling medium directly to the tube supporting

structure of the heat exchange reformer.

By the term "tube supporting structure" is meant the

structure that is in direct contact with the external

surface of the catalyst tubes and which mechanically



fixes such tubes within the reformer. Hereinafter the

tube supporting structure may also be referred as tube

sheet .

Accordingly, the cooling medium is introduced at a point

in the reactor where it can come into direct contact with

the metal parts of the tube sheet and at the same time

with the external metal parts of the catalyst tubes trav

ersing said tube sheet. Usually, the tube supporting

structure (tube sheet) is positioned in the upper part of

the heat exchange reformer. The cooling medium fills the

upper reformer chamber created above the tube supporting

structure and the tube structure is thereby cooled.

Preferably, in connection with one or more of the above

or below embodiments, the process further comprises mix

ing the cooling medium in the heat exchange reformer with

the partially reformed stream from the radiant furnace

(first reforming stage of step (a)).

According to a particular embodiment, in connection with

the above or below embodiments, the cooling medium is

steam. Preferably, the steam is derived from the steam

added to the hydrocarbon feedstock during the first re

forming stage of step (a) .

Accordingly, by the invention it is also possible to move

some of the process steam from the inlet of the primary

reformer to the heat exchange reformer positioned down-

stream. The steam is added to the heat exchange reformer

in such a way that it cools the tube support before it is

mixed with the feed gas to the reformer. This implies



that a cold end is created in the reformer which makes it

possible to construct a tube support that is mechanically

stable. Usually, the tube supporting structure experi

ences temperatures of about 770°C, which requires the use

of expensive materials such as Inconel . The tube support

ing structure is not in contact with aggressive gas and

it can also be constructed of inexpensive materials, e.g.

materials other than Inconel, since the temperature of

the tube supporting structure can be significantly re-

duced, e.g. down to 400 to 450°C.

According to a particular embodiment of the invention,

the steam used for cooling is actually mixed into the

process gas (hydrocarbon- steam mixture) running through

the catalyst tubes of the heat exchange reforming and

thereby it takes part in the steam reforming reaction to

produce synthesis gas. The overall steam/carbon ratio of

the reforming process is not changed, and the methane

slip from the reforming section (prior to any subsequent

downstream process, such as ammonia synthesis) is main

tained.

Yet again, unexpectedly, by adding a cooling medium,

preferably steam, to an endothermic reactor (heat ex-

change reformer) , which otherwise requires the addition

of heat to support the reforming reaction, we are able to

provide a superior process in an elegant and simple way.

By placing the heat exchange reformer outside the metal

dusting region while at the same time creating a cold end

in this reformer, it is possible to construct a rela

tively cold tube support, and the reformer can still be

placed in a temperature region where metal dusting has



been eliminated or significantly reduced. In addition, it

is now possible to use materials for the metal parts that

are not specially developed to withstand metal dusting,

thus reducing material cost for the reformer compared to

heat exchange reformers operating within the metal dust

ing region. Moreover, because steam added to the heat ex

changing reformer is mixed with the reactant gas within

the catalyst tubes it is also possible to have an im

proved flexibility in steam addition for the reforming

reaction without affecting the overall steam/carbon ratio

used in the production of the synthesis gas. Since high

steam/carbon ratios are directly correlated to a large

pipe size, the transfer of some of the steam used in pri

mary reforming, usually 25% or less of the total steam

flow, enables the use of a small pipe size, which in turn

reduces the capital costs.

The present invention shares some of the advantages al

ready recited in our US 2009 / 0184293 : when the outlet

temperature from the catalyst tubes in the radiant fur

nace is lowered, it is possible to design the catalyst

tubes with a lower design temperature and thus at a much

lower price than in conventional designs. By the inven

tion, the bottom part of the reformer tubes in the radi-

ant furnace is in a way substituted by a heat exchange

reformer arranged in series with the radiant furnace and

thereby enabling the design of the reformer tubes in the

radiant furnace with a significantly lower design tem

perature, said radiant furnace also being the hottest

part of the reformer and therefore design-giving. In an

oxygen fired autothermal reformer (secondary reformer)

the inlet temperature of the gas coming directly from a



radiant furnace is usually about 800°C or higher in order

to obtain a low methane slip. Instead of having only the

radiant furnace to reach the approximately 800°C, it is

now possible to reach this inlet temperature to the auto-

thermal reformer by means of a heat exchange reformer im

mediately following the radiant furnace. This means that

the outlet temperature of the radiant furnace is lower,

for instance about 770°C or lower, compared to a situa

tion with only a radiant furnace where the outlet tem-

perature is 800°C or higher. Then the heat exchange re

former brings the reforming temperature up to the desired

level . The required heat for reforming in the heat ex

change reformer is supplied by heat exchange with the ef

fluent process gas from the autothermal reformer, viz.

the secondary reformer or the partial oxidation unit

(POx). By lowering the design temperature of the reformer

tubes, it is now also possible to design the radiant fur

nace to operate at a much higher pressure (55 to 80 bar)

than is normal today (25 to 45 bar) . Higher pressures are

usually necessary when increasing the plant capacity al

though the thermodynamics of the steam reforming reaction

dictate a lower methane conversion. For an ammonia or

methanol synthesis, it can be advantageous to operate the

radiant furnace at a high pressure such as up to 80 bars

and consequently to have the synthesis gas delivered at a

higher pressure to the ammonia or methanol synthesis sec

tion, since less pressure boosting is required between

the synthesis gas section and the ammonia/methanol syn

thesis section.

The autothermal reforming stage may be conducted with air

(21 vol% oxygen) or with enriched air, i.e. a gas con-



taining 30 to 70 vol% 02, more preferably 40 to 50 vol%

02 in order to produce ammonia synthesis gas. The cooled

synthesis gas leaving the heat exchange reactor may thus

be subjected to carbon monoxide shift conversion for hy-

drogen enrichment, carbon dioxide removal and methanation

in order to produce a synthesis gas having the right ra

tio of hydrogen and nitrogen for the subsequent ammonia

synthesis .

When producing synthesis gas for e.g. hydrogen or metha

nol production, the autothermal reforming stage may be

conducted with a gas containing at least 70 vol% oxygen,

preferably 100 vol% oxygen provided by dedicated air se

paration units.

In principle it is desirable to avoid the use of a radi

ant furnace and to produce the synthesis gas by the use

of only the heat exchange reformer and the autothermal

reformer. As for instance ammonia plant capacities are on

the rise with novel plants producing as much as 4000 MTPD

or even more, the trend in the field has been towards

avoiding the use of radiant furnaces and to rather focus

on only a catalytic, oxygen based generation of synthesis

gas, e.g. autothermal reforming (ATR) or partial oxida-

tion (POx) . Yet we find that using a radiant furnace ac

cording to the present invention is in fact advantageous

as the plant capacity increases. The use of a radiant

furnace together with heat exchange reforming and auto

thermal reforming becomes particularly relevant when the

autothermal reforming stage is fired with air, as it is

often the case when manufacturing an ammonia synthesis

gas. In the absence of a radiant furnace it is necessary



to fire the autothermal reformer with enriched air, as

defined above, and most often with air containing 70 to

100% vol 02 in order to obtain heat enough in the ATR,

which is highly expensive in terms of not only operating

costs, but also capital costs because of the need to im

plement dedicated air separation units.

In the autothermal reforming stage the oxygen introduced

is converted by combustion with some of the effluent gas

from the heat exchange reformer. Since the combustion re

action is exothermic, the temperature in the ATR is

raised to about 1000 to 1050°C, which is also the tem

perature of the effluent gas leaving this reformer. By

the invention the entire stream is also passed through

the autothermal reforming stage, said stream containing

hydrocarbon feed and not only a portion thereof as in a

conventional parallel-feed process. As a result the low

est possible methane slip is obtained as all the feed is

subjected to the highest reforming temperature therein.

The molar steam- to-carbon ratio (S/C-ratio) in the hydro

carbon-steam mixture entering the radiant furnace is usu

ally in the range 1.5 to 3 in order to prevent an unde-

sired methane production from the reforming steps. For

the production of ammonia synthesis gas a suitable S/C-

ratio is 3 . Lower S/C-ratios, such as 2 or 2.5, contrib

ute to the reduction of a mass flow through the process

and allows thereby a reduced size of equipment. However,

the methane slip from the ATR increases and it becomes

more difficult to maintain a suitable temperature differ

ence between the outlet temperature of the radiant fur

nace and the Boudouard temperature of the gas or the



equilibrium temperature for CO reduction. These tempera

tures are the temperatures below which a carbon monoxide

containing gas has the potential for carbon formation

following the Boudouard reaction 2 CO = C + C02 or the CO

reduction reaction CO + H2 = C + H20 . When the partial

pressure of carbon monoxide is high and the gas is in

contact with a metal surface at a temperature below the

Boudouard temperature or CO reduction temperature, the

above reactions are catalyzed by the metal surface. If

the temperature of the gas entering the heat exchange re

former is so low that the metal temperature drops below

the Boudouard temperature or the CO reduction tempera

ture, a highly undesired carbon deposition on the metal

surface and/or metal dusting may occur. By the invention

it is now possible to lower the outlet temperature of the

gas in the radiant furnace, while the temperature is kept

high enough to be outside the range of metal dusting in

the heat exchange reformer. At the same time it is possi

ble to conduct the process with an S/C-ratio as low as

2 .5 or even lower with a methane slip which is still

within acceptable levels, i.e. below about 0.4 dry mole%

CH in the effluent gas (synthesis gas) from the auto

thermal reforming stage for a process producing ammonia

synthesis gas.

According to the invention at least a portion of the hot

effluent from the autothermal reformer is used as heating

medium in the heat exchange reformer. According to a pre

ferred embodiment, in connection with the above or below

embodiments, all the hot effluent of the synthesis gas

from the autothermal reformer step (from step (c) ) is

used as heating medium in the heat exchange reformer.



In connection with one or more of the above or below em

bodiments, the heat exchange reformer is preferably se

lected from a bayonet tube type reactor, a tube and shell

heat exchanger and a double-tube reactor with catalyst

disposed inside the double tubes, catalyst disposed out

side the double tubes, and catalyst disposed outside and

inside the double tubes, respectively.

According to a particular embodiment of the bayonet tube

type reactor, at least one catalyst tube (reformer tube)

in this reformer is provided in the form of an outer and

an inner tube, the outer tube being a U-shaped tube and

provided with a reforming catalyst and the inner tube be-

ing adapted concentrically to withdraw an effluent stream

of partly reformed hydrocarbon from the outer tube, the

outer tube being concentrically surrounded by a sleeve

spaced apart the outer tube and being adapted to pass the

hot effluent stream from the autothermal reformer (or

secondary reformer) in indirect heat conducting relation

ship with reacting feedstock in the outer tube by con

ducting the hot effluent stream in the space between the

sleeve and the outer tube.

For the bayonet tube type reactor, the steam in the cham

ber is mixed outside the catalyst tubes. The steam comes

into direct contact with the tube structure, engulfs the

portion of all the catalyst tubes traversing the tube

structure, permeates the tube structure through for in-

stance an aperture close to the catalyst tube, and mixes

with incoming feed gas. The combined gas enters at the

top of the catalyst tubes and flows downward inside the



catalyst tubes. Because of the high pressure of the steam

in the chamber, the steam is forced to enter the catalyst

tubes and thereby to participate in the reforming reac

tion.

When the heat exchange reformer is a tube and shell heat

exchanger, it is preferred that the partly reformed

stream leaving the catalyst tubes in the heat exchange

reformer is conducted to the autothermal reformer (or

secondary reformer) while the hot effluent gas from the

autothermal reformer is conducted through the shell side

of the heat exchange reformer for an indirect heating of

reforming reactions proceeding within the catalyst tubes.

When the heat exchange, reformer is a double-tube reactor

with catalyst disposed inside the double tubes, catalyst

disposed outside the double tubes, and catalyst disposed

outside and inside the double tubes, effluent gas from

the autothermal reforming stage passes through the annu-

lar region of the double tubes, while the gas to be fur

ther reformed is conducted through the catalyst arranged

inside the double tubes and optionally also outside the

double tubes. A double-tube is basically an arrangement

of two substantially concentric tubes. The space between

the tubes walls defines the annular region through which

a heat-exchanging medium flows, in this case effluent

from the autothermal reforming stage (or secondary re

forming stage) .

In particular when the heat exchange reformer is a dou

ble-tube reactor with catalyst disposed inside the dou

ble-tubes, such catalyst tubes may also be defined by a



single catalyst tube surrounded by a sleeve or metal

shroud which is spaced apart the catalyst tube and which

creates an annular region through which the heating me

dium can pass. The sleeve or metal shroud need not be

part of the catalyst tube as such, but serves to create

the annular region. In this type of reformer, the steam

simply enters each catalyst tube through tube apertures

such as slots rather than engulfing all tubes as in the

bayonet type reformer, said slots being provided along

the length of the upper portion of the catalyst tubes.

The steam mixes with the feed gas entering at the top of

the tubes inside the catalyst tubes in order to partici

pate in the reforming reaction taking place downstream

where the combined gas contacts the catalyst.

In yet another embodiment of the process in connection

with the above or below embodiments, the invention fur

ther comprises passing the hydrocarbon feedstock through

an adiabatic pre-ref orming stage prior to conducting said

first reforming stage in the radiant furnace. There is a

higher propensity for the reforming catalyst in the radi

ant furnace to deactivate by the presence of sulphur as

the outlet temperature of the reforming tubes in the ra

diant furnace decreases. The provision of a pre-ref orming

stage in the form of adiabatic reforming by passage

through a fixed bed of pre-ref orming catalyst, such as a

nickel based catalyst, enables removal of any traces of

sulphur in the hydrocarbon feed and as a result poisoning

of downstream catalyst in the radiant furnace and other

downstream processes such as CO-shift conversion is

eliminated. The pre-ref orming stage removes sulphur and

delivers a gas containing only CH , H2, CO, C02 and H20 ,



which is an ideal hydrocarbon feed for the downstream re

former units. The hydrocarbon feedstock is normally mixed

with process steam before entering the adiabatic pre-

reforming stage, whereby particularly higher hydrocarbons

such as LPG or naphtha are converted to carbon oxides and

methane .

In a further embodiment in connection with one or more of

the above embodiments, after having delivered heat for

the reforming reactions in the heat exchange reactor, the

thus cooled synthesis gas from the autothermal reforming

stage, as recited in sub-claim 9 , is further processed

according to its end use by converting the effluent syn

thesis gas into ammonia synthesis gas, methanol synthesis

gas, DME synthesis gas, synthesis gas for production of

hydrocarbons by Fischer-Tropsch synthesis, or hydrogen.

In summary, the process of the invention provides the

following advantages:

o Less duty required in the primary reformer which

leads to a smaller primary reformer

o Lower design temperature in the primary reformer al

lowing for lower tube wall thickness

o Entire process gas flow goes through the secondary

reformer enabling a maintained low methane slip. For

ammonia applications this results in less purge from

the ammonia synthesis loop

o Cheaper construction materials; more inexpensive

heat exchange reformer

o Higher front-end pressure possible (higher pressure

in the synthesis gas preparation section)



o Increased energy efficiency related to C02 re

moval

o Smaller pipe size

The accompanying figure shows a flow diagram of a par

ticular embodiment of the invention comprising steam re

forming in a radiant furnace, heat exchange reforming and

autothermal reforming arranged in series, and in which

the heat exchange reformer is a bayonet type reactor.

A desulfurised and preheated natural gas stream 1 is

mixed with stream 2 containing most of the steam used in

the process in order to provide a hydrocarbon-steam mix-

ture 3 with S/C-ratio of 2.5. The hydrocarbon feed stream

3 is introduced to radiant furnace 20 having a number of

burners 21 and catalyst filled tubes 22 arranged therein.

A partially reformed hydrocarbon stream 4 having a tem

perature of 770°C is withdrawn from the radiant furnace

20 and passed to a heat exchange reformer 23 having dis

posed therein a number of catalyst tubes 24 of the bayo

net type containing reforming catalyst. The balance of

the process steam is introduced as cooling medium 9 at

380°C in the heat exchange reformer 23 before mixing with

the partially reformed gas inside the catalyst tubes 24.

The hydrocarbon stream 4 is mixed with stream 9 , which

has acted as cooling medium (cooling gas) prior to the

mixing. The resulting mixture is then further converted

as it passes through the catalyst filled tubes with heat

provided by product gas stream 7 at about 103 0°C from

autothermal reformer 25 and leaving through the inner

tube as partially reformed stream 5 at 825°C. Process gas



stream 5 from the heat exchange reformer is fed to the

autothermal reformer 25 having arranged therein a fixed

bed of catalyst 26. In the autothermal reformer feed

stream 5 is reacted with a stream 6 of oxidant such as

air, oxygen enriched air or pure oxygen. A hot effluent

stream 7 at about 1030°C of synthesis gas is withdrawn.

This product gas stream 7 contains hydrogen, carbon mon

oxide, carbon dioxide, as well as any residual methane,

steam and inerts in the form of nitrogen and argon intro-

duced with oxidant stream 6 . After having delivered heat

to the heat exchange reformer a cooled product gas stream

8 at 790°C and containing synthesis gas is withdrawn for

further processing as ammonia synthesis gas, methanol/DME

synthesis gas and hydrocarbon synthesis by Fischer-

Tropsch or for hydrogen production.

Features of the invention

1 . Process for the production of synthesis gas from

a hydrocarbon feedstock, comprising the steps of:

(a) reforming the hydrocarbon feedstock by adding

steam to said feedstock to form a hydrocarbon- steam mix

ture, passing the hydrocarbon- steam mixture through a

first reforming stage in a radiant furnace provided with

a plurality of catalyst tubes which are heated by means

of burners arranged within said radiant furnace, and

withdrawing a partially reformed hydrocarbon stream;

(b) passing the partially reformed stream from the

radiant furnace through a second reforming stage in a

heat exchange reformer provided with a plurality of cata

lyst tubes in indirect heat conducting relationship with

at least a portion of hot effluent of synthesis gas from



step (c) , and withdrawing from the heat exchange reformer

a cooled effluent of synthesis gas and an effluent stream

of partially reformed hydrocarbon stream;

(c) passing the partially reformed hydrocarbon stream

from the heat exchange reformer through an autothermal

reforming stage (ATR) provided with a fixed bed of cata

lyst, or partial oxidation stage (POx) , and withdrawing a

hot effluent stream of synthesis gas of which at least a

portion is used as heating medium in the heat exchange

reformer of step (b) ;

characterised in that the process further comprises add

ing a cooling medium to the heat exchange reformer of

step (b) .

2 . Process according to feature 1 , wherein the process

further comprises adding the cooling medium directly to

the tube supporting structure of the heat exchange re

former .

3 . Process according to feature 1 or 2 , wherein the proc

ess further comprises mixing the cooling medium in the

heat exchange reformer with the partially reformed stream

from the radiant furnace.

4 . Process according to any of features 1 to 3, wherein

the cooling medium is steam.

5 . Process according to feature 4 , wherein the steam is

derived from the steam added to the hydrocarbon feedstock

in the first reforming stage of step (a) .



6 . Process according to any of features 1 to 5 ,

wherein all the hot effluent of synthesis gas from step

(c) is used as heating medium in the heat exchange re

former of step (b) .

7 . Process according to any of features 1 to 6,

wherein

• said partially reformed hydrocarbon stream has a

temperature of 700°C to 840°C, preferably 750°C to

790°C;

• said cooling medium has a temperature of 340°C to

420°C, preferably 370°C to 390°C;

• said partially reformed hydrocarbon stream has a

temperature of 745°C to 905°C, preferably 800°C to

850°C;

• said hot effluent stream of synthesis gas has a tem

perature of 930°C to 1130°C, preferably 1000°C to

1060°C

• and said cooled effluent of synthesis gas has a tem

perature of 710°C to 870°C, preferably 750°C to

810°C.

8 . Process according to any of features 1 to 7,

wherein the heat exchange reformer is selected from a

bayonet tube type reactor, tube and shell heat exchanger

and double-tube reactor with catalyst disposed inside the

double tubes, catalyst disposed outside the double tubes,

and catalyst disposed outside and inside the double

tubes .

9 . Process according to any of features 1-8, further

comprising passing the hydrocarbon feedstock through an



adiabatic pre-ref orming stage prior to conducting said

first reforming stage in the radiant furnace.

10. Process according to any of features 1 to 9 fur-

ther comprising converting the effluent of synthesis gas

of step (b) into ammonia synthesis gas, methanol synthe

sis gas, DME synthesis gas, synthesis gas for production

of hydrocarbons by Fischer-Tropsch synthesis, or hydro

gen.

EXAMPLE

Table 1 shows the wall temperatures of a 6 m long cata-

lyst tube of the bayonet type containing an inner tube,

outer tube and sleeve as described above in a heat ex

change reformer treating 386000 Nm /h of process gas from

the radiant furnace and operating at 37 bar g for a proc

ess according to a layout as depicted in the accompanying

figure. The S/C-ratio in the hydrocarbon mixture-steam

entering the radiant furnace is 2.5 and process air with

21 vol% oxygen is injected to the ATR. The outlet tem

perature of the gas from the radiant furnace is 770°C and

the temperature of the effluent gas from the ATR is

1029 °C. At the bottom of the catalyst tube, the wall tem

perature is 897 °C and as the synthesis gas from the ATR

cools on its passage through the heat exchange reformer

the wall temperature of the catalyst tube decreases. At

the top of the tube, where the synthesis gas leaves the

heat exchange reactor, the synthesis gas temperature has

decreased to 789°C, while the tube wall temperature has

decreased to 782°C. Yet this wall temperature is high



enough to be outside the temperature where there is risk

for metal dusting (up to 750°C) . At the top of the re

former, where it is coldest, the tube sheet would nor

mally experience a temperature of 770C. Part of the proc-

ess steam, approximately 40 t/h, corresponding to 18.5 %

vol of the total steam used in the process, bypasses the

primary reforming stage and is added separately to the

heat exchange reformer as stream 9 . The tube sheet ex

periences thereby a temperature of 425°C, which enables

the use of cheaper materials in the heat exchange re

former without affecting the reforming performance.

623,000 Nm /h of synthesis gas leaves the ATR and thereby

also the heat exchange reformer to downstream process

with a methane slip of 0.22 dry mole%. Normally a methane

slip of below about 0.4 dry mole% is considered to be

low.

Table 1

Axial distance from Temperature of gas Tube wall tempera¬
inlet {%) from ATR (°C) ture (°C)

0 (top) 789 782

10 802 775

20 820 787

30 833 798

40 857 815

50 866 836

60 908 852

80 973 863

100 (bottom) 1029 897



CLAIMS

1 . Process for the production of synthesis gas from

a hydrocarbon feedstock, comprising the steps of:

(a) reforming the hydrocarbon feedstock by adding

steam to said feedstock to form a hydrocarbon-steam mix

ture, passing the hydrocarbon- steam mixture through a

first reforming stage in a radiant furnace provided with

a plurality of catalyst tubes which are heated by means

of burners arranged within said radiant furnace, and

withdrawing a partially reformed hydrocarbon stream;

(b) passing the partially reformed stream from the

radiant furnace through a second reforming stage in a

heat exchange reformer provided with a plurality of cata-

lyst tubes in indirect heat conducting relationship with

at least a portion of hot effluent of synthesis gas from

step (c) , and withdrawing from the heat exchange reformer

a cooled effluent of synthesis gas and an effluent stream

of partially reformed hydrocarbon stream;

(c) passing the partially reformed hydrocarbon stream

from the heat exchange reformer through an autothermal

reforming stage (ATR) provided with a fixed bed of cata

lyst, or partial oxidation stage (POx) , and withdrawing a

hot effluent stream of synthesis gas of which at least a

portion is used as heating medium in the heat exchange

reformer of step (b) ;

characterised in that the process further comprises add

ing a cooling medium to the heat exchange reformer of

step (b) .



2 . Process according to claim 1 , wherein the process fur

ther comprises adding the cooling medium directly to the

tube supporting structure of the heat exchange reformer.

3 . Process according to claim 1 or 2, wherein the process

further comprises mixing the cooling medium in the heat

exchange reformer with the partially reformed stream from

the radiant furnace.

4 . Process according to any of claims 1 to 3, wherein the

cooling medium is steam.

5 . Process according to claim 4 , wherein the steam is de

rived from the steam added to the hydrocarbon feedstock

in the first reforming stage of step (a) .

6 . Process according to any of claims 1 to 5 ,

wherein all the hot effluent of synthesis gas from step

(c) is used as heating medium in the heat exchange re-

former of step (b) .

7 . Process according to any of claims 1 to 6 ,

wherein

• said partially reformed hydrocarbon stream has a

temperature of 700°C to 840°C, preferably 750°C to

790°C;

• said cooling medium has a temperature of 340°C to

420°C, preferably 370°C to 390°C;

• said partially reformed hydrocarbon stream has a

temperature of 745°C to 905°C, preferably 800°C to

850°C;



• said hot effluent stream of synthesis gas has a tem

perature of 930 °C to 1130 °C , preferably 1000 °C to

1060°C

• and said cooled effluent of synthesis gas has a tem-

perature of 710°C to 870°C, preferably 750°C to

810°C.

8 . Process according to any of claims 1 to 7 ,

wherein the heat exchange reformer is selected from a

bayonet tube type reactor, tube and shell heat exchanger

and double-tube reactor with catalyst disposed inside the

double tubes, catalyst disposed outside the double tubes,

and catalyst disposed outside and inside the double

tubes .

9 . Process according to any of claims 1 to 8, fur

ther comprising passing the hydrocarbon feedstock through

an adxabatic pre-ref orming stage prior to conducting said

first reforming stage in the radiant furnace.

10. Process according to any of claims 1 to 9 further

comprising converting the effluent of synthesis gas of

step (b) into ammonia synthesis gas, methanol synthesis

gas, DME synthesis gas, synthesis gas for production of

hydrocarbons by Fischer-Tropsch synthesis, or hydrogen.
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