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Process and reactor for the preparation of ammonia at elevated pressure and temperature in an ammonia reactor, wherein a

process stream of ammonia synthesis gas Is successively passed through at least three catalyst beds with intermediate cooling
of partially reacted synthesis gas leaving the catalyst beds by heat exchange In heat exchangers arranged between each
catalyst bed. The process stream Is obtained by combining prior to introduction into a first catalyst bed, a first feed stream of
synthesis gas having been preheated through indirect heat exchange during the intermediate cooling of the partially converted
synthesis gas and a second feed stream of synthesis gas for adjustment of temperature of the process stream. The first feed
stream Is passed successively through the interbed heat exchangers for cooling the partially converted synthesis gas and space
velocity of the synthesis gas Is adjusted to be substantially in the same range in all catalyst beds.
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ABSTRACT

Process and reactor for the preparation of ammonia at elev-
ated pressure and temperature 1n an ammonla reactor,
wherein a process stream of ammonia synthesis gas 1s suc-
cessively passed through at least three catalyst beds with
intermediate cooling of partially reacted synthesis gas
leaving the catalyst beds by heat exchange 1n heat exchang-
ers arranged between each catalyst bed. The process stream
is obtained by comblining prior to i1ntroductlon 1nto a first
catalyst bed, a first feed stream of synthesis gas having
been preheated through 1ndirect heat exchange during the

intermediate cooling of the partially converted synthesis

L.

gas and a second feed stream of synthesis gas for adijust-

ment of temperature of the process stream. The first feed

stream 1s passed successilively through the 1nterbed heat ex-

changers for cooling the partially converted synthesis gas
and space veloclity of the synthesis gas 1s adjusted to be

substantially in the same range 1n all catalyst beds.
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1
Process and Reactor for the Preparation of Ammonia

The present invention relates to a process and reactor for
the preparation of ammonia from a synthesis gas comprising
nitrogen and hydrogen by passage of the synthesls gas

through a number of catalyst beds with intermediate, indi-
rect cooling of partially converted syntheslis gas. In par-

ticular, the invention concerns an improved process of the

above type and an ammonia reactor for use in the process,
wherein the synthesis gas is reacted in contact with an
iron based ammonia catalyst being arranged 1in a series of

beds with a volume ratio between the first and second bed

of nearly equity and with cooling of the partially con-

verted synthesis gas by indirect heat exchange with a sin-

gle stream of fresh synthesls gas.

Industrial ammonia production from ammonia synthesis gas 1s
most usually carried by contacting the gas with an 1ron

catalyst being arranged in a number of adiabatically oper-

ated beds connected in series. Pressure, temperature and

space velocity of the synthesis gas (defined as the volume

pl—
p—

of gas per hour at standard temperature and pressure passed

over a unit volume of catalyst) control ammonia concentra-

tion in the product effluent gas. Owing a specific reaction

kinetic and thermodynamic in the formation of ammonia from
hydrogen and nitrogen in contact with an iron based ammonia

catalyst, partial reacted synthesis gas must be cooled be-

tween each catalyst bed to obtain reasonable reaction
yield. A further typical approach in the industry to raise
ammonia yield is decreasing the space veloclty as the gas

”

passes through a series of catalyst beds by increasing

catalyst volume in succeeding beds.
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Various types of ammonila converters are known 1n the art.

Fregquently employed reactor types are those having a number

of catalyst beds with interbed heat exchangers for removing

and controlling reaction heat between the beds.

US Patent No. 4,181,701 discloses an ammonla reactor with a
top and a bottom catalyst bed with a central heat exchanger
mounted on one of the beds. A process stream of synthesis
gas 1s obtained by combining 1nside the reactor separate
feed streams:

a shell stream for cooling the reactor shell and cooling

the product effluent, an exchange stream for cooling the
central heat exchanger, and a by-pass stream for final ad-

justment of the temperature of the process stream.

Indirect cooling of partially converted ammonia synthesis

gas in a reactor with more than two catalyst beds 1s, fur-

thermore, known 1n the art and conventionally applied for

in the 1ndustry.

Thereby, the synthesis gas i1s indirectly cooled with fresh
synthesis gas being passed 1n a number of separate streams
to heat exchangers between the catalyst beds. The streams
are introduced through separate plpe connections mounted on

the reactor shell.

The major drawback of the known ammonia preparaticn proc-

esses and reactors with intermediate cooling of partially

converted synthesis gas 1n a numpber of 1nterbed heat ex-
changers with separate gas streams 1s the need for numerous

inlet means and complicated ducting in the ammonia reactor.
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An ammonia production process and reactor of the above type
with simplified gas handling and ducting is mentioned in
EP-A-873,972. By the process and reactor of this patent
publication, a process stream 1s obtained by combining
prior to introduction into a first catalyst bed, a first
feed stream of synthesis gas having been preheated through
indirect heat exchange during the intermediate coocling of

the partially converted synthesis gas, a second feed stream

of synthesis gas having been preheated by indirect heat ex-
change with the product effluent, and a third feed stream

of synthesis gas for adjustment of temperature of the proc-

ess stream. The first feed stream is passed successively

through the interbed heat exchangers for cooling the par-

tially converted synthesis gas.

The above mentioned known ammonia reactors and processes

are operated on conventional iron based catalysts with a

main constituent of magnetite being reduced during opera-

tion to the catalytically active form of alpha-iron.

Recently, ammonia catalysts with high activity composed of

ruthenium on graphite support have been employed 1n a num-

ber of industrial ammonia reactors. The main advantage of

ruthenium ammonia catalysts is a higher volumetric activity

and less catalyst volume required for product yields compa-
rable to those obtained by use of the conventional 1iron

catalyst. In EP-A-931,586 an ammonia reactor 1s disclosed

with a top and central catalyst bed being lcaded with con-
ventional iron ammonia catalyst and a bottom catalyst with
less volume than the top and central bed being lcaded with

ruthenium-on-carbon catalyst. A process stream of ammonla
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synthesis gas 1is in the above indirectly cooled reactor ob-
tained by combining three separate inlet streams upstream

the top catalyst bed.

Though the high activity ruthenium based ammonia catalysts
allow reduction of catalyst volume, the main disadvantage
of ruthenium based catalysts is less mechanical stability
and considerably higher costs, which are not sufficient to
compensate for the reduced catalyst volume necessary 1in the

application of these catalysts.

It has now been found that gas handling and ductling 1in
multibed ammonia processes and reactors with indirect cool-

ing of the process gas and being operated on conventlionally

iron ammonia catalysts are still improved at comparative
ammonia product yield, when reducing the number of separate
synthesis gas inlet streams 1in the formation a process gas
steam and through adjustment of process gas space velocity

in the different catalyst beds.

SUMMARY OF THE INVENTION

Pursuant to the above finding, this i1nventlion 1s a process

for the preparation of ammonla at elevated pressure and
temperature in an ammonia reactor comprising passing a pro-
cess stream of ammonia syntheslis gas successilively through

at least three catalyst beds and reacting the synthesis gas

1n the beds;

F

intermediately cooling of partially reacted synthesils ge

S

[

leaving the catalyst beds by heat exchange 1n heat exchang-

ers arranged between each catalyst bed and wilithdrawing a
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product effluent being rich in ammonia, whereilin the process
stream is obtained by combining prior to introduction 1nto
a first catalyst bed, a first feed stream of synthesls gas
having been preheated through indirect heat exchange during
the intermediate cooling of the partially converted synthe-
sis gas and a second feed stream of synthesis gas for ad-
justment of temperature of the process stream, the first
feed stream is passed successively through the interbed
heat exchangers for cooling the partially converted synthe-
sis gas and wherein space veloclty of the process gas in
the second catalyst bed is between 0.65 and 2.00 times ol
the space velocity in the first catalyst bed.

i

Furthermore, the invention provides an ammonla reactor IOr

use in the above process with simplified inlet and piping

means for distribution of fresh synthesis gas serving as
cooling medium in indirect heat exchange with partially re-

acted synthesis gas between each catalyst bed.

Thus, an ammonia reactor according to the inventlon, com-

prises within a cylindrical pressure shell at least a top,

2= second and a bottom catalyst bed vertically arranged
around a common axis and connected 1in seriles;

intermediate heat exchanging means arranged between each

catalyst bed for intermediate cooling of a partially con-

verted ammonia synthesis gas from the catalyst beds by 1n-

L

direct heat exchange with a first feed stream of fresh am-

monia synthesis gas;

inlet means for introducing the first feed stream and 1inlet

means for introducing a second feed stream into the reac-

tLorxr;
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means for passing the first and the second feed stream tO

the top catalyst bed; and

means for combining the feed streams to a process stream
prior to introduction of the process stream into the top
catalyst bed, wherein the means for passing the first feed
stream consists of a passageway for connecting in series
the intermediate heat exchangers and for passing the first
stream from the inlet means consecutively through the in-

termediate heat exchanging means to the means for combining

the feed streams and wherein volume ratio between the sec-
ond catalyst bed and the top catalyst bed is between 0.5
and 1.5.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be explained in more detail it/;he fol-
lowing description by reference to the drawings, “in which

the sole Figure shows in pure schematic form a sectional

view of an ammonia reactor according to a specific embodi-

ment of the invention.

When operating the invention, fresh ammonia synthesis gas <
is introduced into an ammonia reactor 4 being constructed
according to a specific embodiment of the lnvention. The

synthesis gas 1is introduced in two separate feed streams 6

and 10 through inlets 16 and 20 arranged in shell 12 of the
reactor. Reactor 4 comprises within the shell a top cata-
lyst bed 24, a second catalyst bed 26 and a bottom catalyst
bed 28. Between beds 24 and 26 and between beds 26 and 28

heat exchangers 30 and 32 are arranged for cooling a partly

converted process stream 37 leaving beds 24 and 26. Fresh
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synthesis gas is passed in process stream 36 to Dbed 24 and
partly converted in bed 24. The partly converted synthesis
gas is then passed in process stream 37 successively

through beds 26 and 28. By passage through the beds nitro-
gen and hydrogen in the stream react exothermically to am-

monia. An ammonia rich product effluent 38 1s withdrawn

from the reactor through outlet 40.

As mentioned hereinbefore, the reaction between hydrogen

and nitrogen proceeds exothermically in the catalyst beds

i

}

and the temperature of the process stream rises. Because O:
thermodynamically reasons the temperature of process stream
37 has to be lowered, prior to being introduced into beds
26 and 28. The stream is therefore cooled 1n heat exchang-
ers 30 and 32 by indirect heat exchange with feed stream 6,

being passed in series through heat exchangers 32 and 30.

By passage through the heat exchangers feed stream 6 1s
preheated by indirect heat exchange as described above. The
preheated feedstream is then combined with fresh synthesis
gas stream 10 to process stream 36 upstream top catalyst

gubun-

bed 24. The temperature of process stream 36 1s adjusted by

addition of the cold stream 10.

In the above reactor, the reaction temperature 1n first and

second catalyst bed 24 and 26, respectilvely, is determined
by the flow ratio between the inlet streams 6 and 10. The
temperature of the fresh synthesis gas 1in stream Z controls

the temperature at inlet to bottom catalyst bed.
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It is not possible in an ammonia reactor with more than two
catalyst beds to control the inlet temperature in the sec-
ond catalyst bed with the above two streams within an opti-

mum temperature.

In the process and reactor according to the invention de-
viation from optimum temperature in the second catalyst
beds, however, will only have a minor impact on ammonia
product yield with a volume ratio or space veloclty between

the first and second catalyst bed as specified hereinbefore

and further shown in the following Example.

Example
A reactor as shown in Fig. 1 and explained 1n detall 1in the
above description with a fixed size of pressure shell was

operated at four different volume ratios between the first

and second catalyst bed of the reactor. In the experiments
volume ratio of the first and second catalyst'bed was be-
tween 0.5 and 3.0. For each volume ratio, a first experi-
ment was conducted, whereby the inlet temperature to the

second catalyst bed was adjusted to result in a maximum

product yield. In the following experiments the inlet tem-

perature into the second catalyst was variled between values

above and below the optimum operation temperature and prod-

uct yield determined for each volume ratio. The above con-

ditions and results obtained thereby are summarised 1in the

Table below.

To compare impact of temperature deviation on product yileld
at each volume ratio with product yield at the optimum tem-

perature the yield at the optimum temperature 1s 100%.




Dev from op-

timium

Prod rate, MTPD
Bed?2/Bedl = 1539, 3 1541, 9 1544, 4 1547, 0 1544, 3 1541, 2 1538, 0
0,50
Bedl/Bed2 = 1543, 4 1547, 0 1550, 6 1554, 2 1550, 6 1546, 7 1542, 7
0,80
RBedZ2/Bedl = 1543, 4 1547, 9 1552, 06 1557, 0 1552,7 1548, 0 1543, 4
1,00
Bed?2/Bedl = 1538, 4 1544, ¢ 1550, 9 1557,1 1551, 4 1545, 9 1541, 2
1,50
Bed2/Bedl = 1524.0 1534,5 1543,9 1553,0 1547,4 1541,8 1533,6
2,00
i Bed?2/Bedl = 1498, 6 1510, 6 1522,7 1534, 0 1525, 2 1517, 0 1509, 4
3,00
Prod. rate, %
|Bed2/RBedl = 98, 9 99, 0 99, 2 99, 4 99, 2 99, 0 98, 8
0,50
Bedl/Bed2 = 99, 1 99, 4 99, 6 99, 8 99, 6 99, 3 99,1
0,80
Bed2/Bedl = 99,1 99, 4 99, 7 100,0 99, 7 99, 4 99,1
1,00
Bed?2/Bedl = 98, 8 89, 2 99, 6 100,0 99,6 39, 3 99,0
1,50
Bed?/Bedl = 97,9 88, © 9, 2 899, 7 99, 4 99, 0 98, 5
t2, 00
Red?2/Bedl = S6, 2 37,0 97,8 S8, 5 98, 0 97, 4 96, 9
3,00

5
As apparent from the above results, decrease of product
vield at deviation from the optimum operation temperature
in the second catalyst bed 1s less severe in a reactor or
process having a distribution of catalyst volume in the

10 second and first bed between 0.5 and 1.5 according to the

inlet temp.

CA 02335384 2001-02-09

Table

invention compared to the results obtained with a reactor

and process operating with a corresponding catalyst volume

ratio of between 2.0 and 3.0 as known 1n the art and gener-

ally employed

in ammonia industry. As a further advantage,

15 product yield is increased when sizing the filrst and second

A AL LT LA ¥ O
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10

cataiyst according to the invention with the above volume
ratio of between 0.5 and 1.5. At a volume ratio of between
1.0 and 1.5, the product yield 1n tons per day at optimum
temperature conditions 1s about 2% higher compared to the

optimum yield obtained at a typical employed catalyst vol-

ume ratio of 3.0.
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11

CLATIMS

1. Process for the preparation of ammonia at elevated
pressure and temperature in an ammonia reactor, comprising
passing a process stream of ammonia synthesis gas succes-
sively through at least three beds with an iron based ammo-
nia formation catalyst and reacting the synthesis gas in

the beds;

intermedlately cooling of partially reacted synthesis gas

leaving the catalyst beds by heat exchange in heat exchang-

ers arranged between each catalyst bed and withdrawing a
product effluent being rich in ammonia, wherein the process

stream 1s obtained by combining prior to introduction into

a first catalyst bed, a first feed stream of synthesis gas
having been preheated through indirect heat exchange during
the l1ntermediate cooling of the partially converted synthe-
sls gas and a second feed stream of synthesis gas for ad-
Justment of temperature of the process stream, the first
feed stream 1s passed successively through the interbed
neat exchangers for cooling the partially converted synthe-
slis gas and wherein space velocity of the process gas in a
second catalyst bed is between 0.65 and 2.00 times of the

space velocity in the first catalyst bed.
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12

2. Ammonia reactor comprising within a cylindrical
pressure shell at least a top, a second and a bottom cata-
lyst bed loaded with an iron based ammonia formation cata-
lyst and vertically arranged around a common axis and con-
nected 1in series;

intermediate heat exchanging means arranged between each
catalyst bed for intermediate cooling of a partially con-
verted ammonia synthesis gas from the catalyst beds by in-
direct heat exchange with a first feed stream of fresh am-
monia synthesis gas;

1nlet means for introducing the first feed stream and inlet

means for introducing a second feed stream into the reac-

Tor;

means for passing the first and the second feed stream to

the top catalyst bed; and

means for combining the feed streams to a process stream

C

prior to introduction of the process stream into the top

catalyst bed, wherein the means for passing the first feed

stream consists of a passage-way for connecting in series

the lntermediate heat exchangers and for passing the first

stream from the inlet means consecutively through the in-

termediate heat exchanging means to the means for combining
the feed streams and wherein volume ratic between the sec-—
ond catalyst bed and the top catalyst bed is between 0.5
and 1.5.

3. Ammonia reactor of claim 2, wherein the pressure

shell 1s a shell of an existing ammonia reactor.
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