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[57] ABSTRACT 
In order to replace the electricity required to drive the 
compressors of the apparatus, the nitrogen-producing 
means is supplied with a flow of a synthesis gas mixture 
from the synthesis circuit of the synthesizing plant. This 
gas mixture is burned with compressed air to form a 
mixture of water vapor and nitrogen. The water vapor 
is then condensed in a condensor and separated out for 
entry into an exchange tower of the monothermal iso-
tope exchanger. The separated nitrogen is supplied 
together with hydrogen to form the synthesis gas mix-
ture for the synthesizing plant. In addition, a steam 
circuit is connected with the condensor and has a steam 
turbine which produces work to drive the compressor 
for the air and the compressors used to compress the 
synthesis gas mixture. 

2 Claims, 1 Drawing Figure 
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In addition, the process includes the steps of storing a 
PROCESS FOR THE PREPARATION OF portion of the deuterium-enriched water during the 

AMMONIA AND HEAVY WATER winter and of electrolytically dissociating the stored 
water in the summer to form the hydrogen which is 

This invention relates to an apparatus and process for 5 supplied to the synthesis circuit. Also, a portion of the 
the preparation of ammonia and heavy water. electrolytically dissociated hydrogen is stored during 

As is known, ammonia is usually produced continu- the summer and supplied during the winter to the syn-
ously throughout the year in synthesizing plants. Fur- thesis circuit. 
ther, in order to reduce the cost associated with such The apparatus of the invention comprises a mono-
plants, it has been known to combine heavy water prep- 10 thermal isotope exchanger for enriching water of a 
aration plant with the synthesizing plant. Generally, natural deuterium operation with deuterium, heavy 
these combined plants use isotope exchange towers to water preparation plant for preparing heavy water from 
enrich a supply of feed water with deuterium for the a portion of the deuterium enriched water and an elec-
production of heavy water as well as an electrolyzer to trolyzer for electrolytically dissociating water to pro-
produce hydrogen for use in the ammonia synthesis. 15 duce hydrogen. In addition, the apparatus includes a 

However, the operation of such plants involves a hydrogen storage tank which is selectively connected 
relatively heavy consumption of electricity. Thus, since to the electrolyzer to receive hydrogen produced in the 
electricity is usually more expensive in winter than in electrolyzer and an ammonia synthesizing plant having 
summer, when electricity consumption drops consider- a synthesis gas line for receiving a synthesis gas mixture 
ably, e.g. because there is no need to heat buildings, a of nitrogen and hydrogen from the heavy water prepa-
suggestion has been made to shut down the electrolyzer ration plant and the hydrogen storage tank, 
during the winter and to have the electrolyzer produce In addition, the apparatus comprises a nitrogen pro-
surplus hydrogen in the summer, the surplus being ducing means for generating a flow of nitrogen. This 
stored to cover the winter consumption of the ammonia ^ means includes a combustor or other suitable combus-
synthesizing plant. tion facility, a first feed line connected to the combustor 

Unfortunately, this means that the heavy water pro- to feed compressed air thereto and a second feed line 
duction plant is also inoperative in the winter since connected to the combustor to feed a synthesis gas 
there is no feed water available for the isotope exchange mixture thereto for combustion with the compressed air 
towers. 3 0 to produce nitrogen and water vapor. The nitrogen 

Further, each isotope exchange tower and the elec- producing means also includes a condensor which is 
trolyzer must be constructed to deal with correspond- connected to the combustor to receive a flow of nitro-
ingly increased throughputs since they are in use for gen and water vapor and to condense the water vapor 
only some, e.g. six months, of each year. to water. Also, a trap is connected to the condensor to 

The existing apparatus thus has serious economic receive and separate the nitrogen from the water and a 
disadvantages. first line connects the trap to the synthesis gas line to 

Accordingly, it is an object of the invention to pro- deliver nitrogen from the trap to the gas line. Also, an 
vide a process and apparatus providing continuous pro- ammonia/water separator is connected to the trap to 
duction of ammonia and heavy water at reduced elec- receive and separate water and ammonia from the trap, 
tricity consumption costs. 40 This separator is also connected to the monothermal 

It is another object of the invention to reduce the isotope exchanger in order to deliver the separated 
overall consumption of electricity in an apparatus for water thereto as well as to a product line to expel am-
the preparation of ammonia and heavy water. monia therefrom. 

It is another object of the invention to achieve a In accordance with the invention the apparatus also 
low-cost operation of a heavy water preparation plant. 45 has a steam circuit for passing water to the condensor of 

It is another object of the invention to improve the the nitrogen producing means and a turbine down-
deuterium-enrichment of water delivered to a heavy stream of the condensor for generating work upon pas-
water preparation plant. sage of steam therethrough. 

Briefly, the invention provides a process and appara- The monothermal isotope exchanger has a first ex-
tus for the preparation of ammonia and heavy water 50 change tower for a throughflow of the water and a first 
wherein nitrogen is recovered from the synthesis gas circuit for passing a deuterium containing vapor vehicle 
mixture to produce ammonia. through the exchange tower in isotope exchange with 

In accordance with the process, a flow of water is the water in order to enrich the water with deuterium, 
enriched with deuterium and a first portion is supplied Also, the exchanger has a second exchange tower for a 
to a heavy water preparation plant to produce heavy 55 throughflow of the synthesis gas mixture and a second 
water and hydrogen. A second portion of the deuterium circuit for passing a liquid vehicle through the second 
enriched water is also electrically dissociated during the exchange tower in isotope exchange with the synthesis 
summer to form hydrogen with a portion of the hydro- gas mixture in order to remove deuterium from the 
gen being stored during the summer. In addition, some synthesis gas mixture while enriching the liquid vehicle 
of a synthesis gas mixture is removed from a synthesis 60 with deuterium. Still further, the exchanger has a third 
circuit of a synthesizing plant and burned, catalytically exchange tower for counterflow of the vapor vehicle 
at least to some extent, with compressed air in order to and liquid vehicle therein in isotope exchange relation 
produce a mixture consisting mainly of water and nitro- in order to deplete the liquid vehicle of deuterium while 
gen. Thereafter, the water is condensed and separated enriching the vapor vehicle with deuterium. In one 
while the nitrogen is supplied along with the hydrogen 65 embodiment, the vapor vehicle is ammonia vapor while 
from the heavy water preparation plant and the electro- the liquid vehicle is liquid ammonia. In another embodi-
lytically produced hydrogen to the synthesis circuit of ment, the vapor vehicle may be methylamine vapor 
the synthesizing plant in order to produce ammonia. while the liquid vehicle is liquid-methylamine. 
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These and other objects and advantages of the inven-
tion will become more apparent from the following 
detailed description and appended claims taken in con-
junction with the accompanying drawings in which: 

The drawing illustrates a flow diagram of an appara-
tus according to the invention. 

Referring to the drawing, the apparatus for the pro-
duction of ammonia and heavy water comprises a feed 
water line 1 in which a pump 2 is incorporated for 
pumping feed water into and through an exchange 
tower 3a of a monothermal isotope exchanger of the 
apparatus. As shown, the monothermal isotope ex-
changer has a circuit for passing a deuterium-containing 
vapor vehicle, such as ammonia vapor or methylamine 
vapor through the exchange tower 3a in isotope ex-
change with the water in order to enrich the water with 
deuterium. The vapor vehicle is circulated via a com-
pressor 4 which is driven by an electric motor 4a and 
also passes through a further exchange tower 5 for 
purposes as described below. 

A heavy water preparation system 6 is connected via 
a suitable pipe line to the exchange tower 3a in order to 
receive the deuterium-enriched water. This heavy 
water preparation system 6 is constructed in known 
manner in order to form heavy water which exits 
through a line 7. For instance, the system 6 includes an 
electrolyzer (not shown) in which the enriched water is 
dissociated, a condensor wherein the further deuterium-
enriched water vapor present in the hydrogen is sepa-
rated out and condensed, and a suitable rectification 
means wherein the separated enriched water is rectified 
in order to be concentrated to form heavy water. The 
oxygen which is evolved in the heavy water prepara-
tion system 6 exits through a line 8 whereas the hydro-
gen evolved is passed out of a pipe 9 to flow to a com-
pressor 10 which is driven by an electric motor 10a. 

The apparatus also includes an enriched water stor-
age tank 11 which is connected to the exchange tower 
3a in order to receive a flow of deuterium enriched 
water. The tank 11 is also connected via a line contain-
ing a valve 12 and a pump 13 with an electrolyzer 14 of 
known construction. The electrolyzer 14 is also con-
nected via a line 1' containing a valve 1" to the feed 
water line 1 in order to selectively receive fresh feed 
water. 

The electrolyzer 14 is also connected to a hydrogen 
storage tank 15 via a compressor 18 which is driven by 
a motor 18a and a valve 19 between the compressor 18 
and the tank 15. Also, the electrolyzer 14 has a line 17 
from which oxygen which is evolved during a dissocia-
tion step exits, for example to a load (not shown). 

The apparatus also has a synthesis circuit which in-
cludes a synthesizing plant 16 for receiving a synthesis 
gas mixture to produce ammonia. The outlet of the 
synthesizing plant 16 is connected to a cooler 20 in the 
synthesis circuit in which the produced ammonia is 
condensed via a heat exchanger supplied with a suitable 
coolant. In addition, a branch line 21 is provided for 
drawing off a quantity of an unsynthesized gas mixture 
from the synthesis circuit. 

The apparatus further includes a nitrogen producing 
means for generating a flow of nitrogen for delivery to 
the synthesis circuit. This means includes a combustor 
22, or other combustion facility, which connects with 
the line 21 from the synthesis circuit to receive the 
unsynthesized gas mixture as well as with a feed line 24 
through which air is pumped under pressure via a com-
pressor 23. The combustor 22 operates to burn the un-

synthesized gas mixture in the compressed air and so to 
produce a hot combustion gas mixture consisting 
mainly of water and nitrogen with some argon and 
small traces of ammonia. 

5 The outlet of the combustor 22 connects with two 
series-arranged coolers 25, 26 in which the gaseous 
mixture is cooled and the water and ammonia com-
pletely condensed. A trap 27 is connected to the outlet 
of the coolers 25, 26 to receive and separate the liquified 

10 water and ammonia from the nitrogen vapor. This trap 
27 connects via a pipeline 28 to an ammonia/water 
separator 29 of known construction in which liquid 
ammonia can be removed via an outlet line 30 while 
deuterium depleted water can be removed and supplied 

15 to an exchange tower 3b in the monothermal isotope 
exchanger. The trap 27 is also connected via a line 36 to 
a synthesis gas piping to deliver the separated nitrogen 
thereto. The synthesis gas piping is also connected with 
the hydrogen storage tank 15 to receive hydrogen and 

20 includes a compressor 34 for compressing the synthesis 
gas mixture consisting mainly of nitrogen and hydrogen 
prior to delivery to an exchange tower 38 of the mono-
thermal isotope exchanger. 

A branch line 37 is also connected to the line 36 to 
25 draw off some nitrogen to prevent argon from accumu-

lating in the synthesizing plant 16. 
The exchanger tower 38 is connected via a suitable 

line to a drip separator 39 which, in turn, is connected 
via a line to a compressor 35. The compressor 35 com-

30 municates with the ammonia synthesizing plant 16 in 
which the synthesis gas mixture is synthesized into am-
monia. The outlet of the synthesizing plant 16 is con-
nected via the cooler 20 with a pipe for passing the 
condensed ammonia through the drip separator 39 and 

35 out a product line 40. 
The first cooler 25 in the flow of the hot combustion 

gases from the combustor 22 is connected with a steam 
circuit which includes a steam turbine 31, a condensor 
32 and a pump 33. The steam turbine 31 serves as the 

40 power unit for the compressor 23 providing combus-
tion-supporting air, for the compressor 34 in the synthe-
sis gas piping and for the compressor 35 in the synthesis 
circuit. These compressors 23, 34, 35 therefore, do not 
have to be driven electrically. As a result, there is an 

45 appreciable saving in electricity consumption, an im-
portant cost consideration particularly during the win-
ter. 

Since the water fed into the tower 3b has a deuterium 
concentration considerably below the natural deute-

50 rium concentration (1 N), the water supplied to the 
heavy water preparation plant 6 is more deuterium 
enriched than would be the case if the monothermal 
isotope exchanger were to be supplied solely with water 
of a natural deuterium concentration. Consequently, a 

55 comparatively greater amount of heavy water can be 
produced in the system 6 for a given power consump-
tion. 

As shown in the drawing, the exchanger tower 38 
cooperates with a circuit for passing a liquid vehicle 

60 through the tower 38 in isotope exchange with the 
synthesis gas mixture in order to remove deuterium 
from the synthesis gas mixture while enriching the liq-
uid vehicle with deuterium. This circuit includes a 
valve 41 for controlling the throughflow of the liquid 

65 vehicle and a pump 42 for pumping the vehicle through 
the tower 38. In addition, the liquid vehicle is pumped 
through the exchange tower 5 in counterflow to the 
vapor vehicle described above so as to bring about an 
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isotope exchange relation between the two vehicles in 
order to deplete the liquid vehicle of deuterium while 
enriching the vapor vehicle with deuterium. 

In operation, e.g. during ,the summer warmer half of 
a, the apparatus operates as follows. 5 

Fresh water having a natural deuterium concentra-
tion (1 N) is fed into the system through the feed water 
line 1. The pump 2 pressurizes the water to the pressure 
required in the monothermal isotope exchanger, there-
after the water flows through the exchanger tower 3a. 10 
The water is then enriched with deuterium in the tower 
3a by deuterium exchange with the vapor vehicle circu-
lating through the towers 3a, 5. 

A portion of the enriched water then enters the heavy 
water preparation plant 6 and is concentrated to form 15 
heavy water in known manner.. The heavy water then 
leaves the plant 6 via the line 7 while oxygen leaves via 
the line 8 and hydrogen leaves via the line 9. The hydro-
gen is then compressed to the required pressure in the 
compressor 10 and passed into the synthesizing gas 20 
piping. 

The remainder of the water which has been enriched 
in the tower 3a, such remainder being considerably 
greater than the quantity of water ejected into the 
heavy water preparation plant 6, passes to the water 25 
storage tank 11. During the summer, the valve 12 is 
opened so that the water is pumped via the pump 13 to 
the electrolyzer 14. While the electrolyzer 14 is operat-
ing, fresh water is also fed in via the line 1', assuming the 
valve 1" is opened. 30 

The oxygen which is evolved in the electrolyzer 14 is 
then passed through the line 17 and supplied to a load 
(not shown) while the hydrogen is compressed in the 
compressor 18 and fed into the hydrogen storage tank 
15 through the opened valve 19. A part of this hydrogen 35 
is then passed into the synthesis gas line to the compres-
sor 34. 

The quantity of nitrogen required for the ammonia 
synthesis plant is produced continuously throughout the 
year. In this regard, after synthesized ammonia has been 40 
condensed out in the cooler 20 downstream of the syn-
thesizing plant 16, an unsynthesized gas mixture consist-
ing mainly of nitrogen, hydrogen and argon traces and 
residues of ammonia is removed via the line 21 from the 
synthesis circuit. This mixture is then fed through the 45 
line 21 to the combustor 22 along with air which is 
compressed by the compressor 23 and supplied through 
the line 24. During combustion which occurs as is 
known in an at least partially catalytic manner, a hot 
combustion gas mixture is produced. This mixture con- 50 
sists mainly of water vapor and nitrogen. The combus-
tion mixture also contains argon and small traces of 
ammonia. The mixture is cooled in the coolers 25, 26 via 
a heat exchange and the water and ammonia are com-
pletely condensed. The liquified water and ammonia 55 
proportion of the mixture is then separated in the trap 
27 from the mixture which contains nitrogen, argon 
and, possibly, still traces of water vapor and ammonia in 
vapor form and passes through the line 28 to the am-
monia/water separator 29. Liquid ammonia is removed 60 
from the separator 29 through the line 30 whereas the 
deuterium-depleted water is supplied to the tower 3b of 
the monothermal isotope exchanger. 

The nitrogen produced for ammonia synthesis in the 
combustion facility 22 goes from the trap 27 through 65 
the line 36 into the synthesis gas circuit. Some nitrogen 
is removed from the system through the line 37 to pre-
vent argon from accumulating in the synthesizer to an 
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unwanted extent. This inert gas bleed, which consists 
mainly of nitrogen and argon, can be used for other 
purposes. 

The synthesis gas consisting mainly of hydrogen and 
nitrogen is compressed in the compressor 34 (driven by 
turbine 31) and passes to the isotope exchange tower 38 
of the monothermal isotope exchanger along with the 
hydrogen supplied from the heavy water preparation 
plant 6. The resultant synthesis gas mixture is then 
deuterium-depleted in the tower 26 by isotope exchange 
with the liquid vehicle, for example, liquid ammonia or 
liquid methylamine and is then introduced into the drip 
separator 27. The gas mixture is then pumped via the 
compressor 28 into the synthesizing plant 16. The am-
monia which is produced is then condensed in the 
cooler 20 and leaves the system through a product line 
40. 

After deuterium enrichment in the tower 38, the liq-
uid vehicle is expanded in the throttle valve 41, thereaf-
ter deuterium-depleted in the exchange tower 5 by iso-
tope exchange with the vapor vehicle and thereafter 
pumped by the pump 42 to the correct operating pres-
sure for the tower 38 and again deuterium-enriched 
therein. 

The operation of the apparatus during the winter (i.e. 
the colder half of a year is as follows. 

First, the valve 1" in the line 1' to the electrolyzer 14 
is closed, the valve 12 from the water storage tank 11 is 
closed and the valve 19 to the hydrogen storage tank 15 
is closed. Also, the electrolyzer 14 is deactivated. 

Thereafter, all of the feed water in the line 1 passes 
through the exchange tower 3a and is deuterium en-
riched. A portion of the deuterium-enriched water is 
then passed to the heavy water preparation plant 6 
while a second portion of the enriched water is passed 
into the water storage tank 11 for storage purposes. The 
tank 11 is filled up with enriched water in the amount 
necessary to produce the quantity of hydrogen which is 
stored in the tank 15 during the next summer. 

The nitrogen required for the synthesizing plant 16 is 
produced as above and delivered via the line 36 into the 
synthesis gas line along with the hydrogen which was 
stored the previous summer in the tank 15. The synthe-
sis gas mixture is then compressed in the gas compressor 
35 and passed into the exchange tower 38 along with the 
hydrogen from the heavy water preparation plant 6. 
Operation then proceeds in the synthesizing plant 16 as 
described above. 

It is to be noted that during the six summer months, 
the electrolyzer 14 operates to produce twice the 
amount of hydrogen by dissociation from enriched wa-
ter, required by the ammonia synthesizing plant 16 in a 
six month period. 

Further, during the summer, an equal quantity of 
water from the water storage tank 11 is dissociated in 
the electrolyzer 14 as is fed into said storage tank from 
the tower 3. For starting the synthesizing plant 16 it is 
necessary to start the compressors 23, 34 and 35 first. 
For doing that an oil-fired start-up boiler (not shown) 
may supply steam to the turbine 31. Said boiler may be 
replaced by an start-up electrical motor (likewise not 
shown) driving the shaft of the compressors. 

What is claimed is: 
1. A process for the production of ammonia and 

heavy water, said process comprising the steps of 
enriching a flow of water with deuterium in a mono-

thermal isotropic process; 
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supplying a first portion of the deuterium-enriched 
water to a heavy water preparation plant to pro-
duce heavy water and hydrogen; 

storing a second portion of the deuterium-enriched 5 
water substantially without interruption during the 
c o l d e r half of a year; 

electrolytically dissociating the stored deuterium-
enriched water substantially without interruption 10 
during the warmer half of a year to form hydrogen; 

storing a portion of the electrolytically-produced 
hydrogen during said warmer half of a year while 
supplying the remainder to a synthesis circuit of a 15 
synthesizing plant and subsequently supplying the 
stored hydrogen to the synthesis circuit during said 
colder half of a year; 

removing some of the synthesis gas mixture from the 20 
synthesis circuit of the synthesizing plant; 

8 
burning the removed synthesis gas mixture with air to 

produce a mixture consisting mainly of water and 
nitrogen; 

thereafter condensing and separating the water from 
the mixture of water and nitrogen; 

supplying the nitrogen of the mixture of water and 
nitrogen, the hydrogen from the heavy water prep-
aration plant and the electrolytically-produced 
hydrogen to the synthesis circuit of the synthesiz-
ing plant to produce ammonia; and 

collecting deuterium-depleted water resulting from 
said burning step and feeding the collected deuteri-
um-depleted water into the monothermal process. 

2. A process as set forth in claim 1 which further 
comprises the steps of 

generating steam with the heat resulting in said burn-
ing step; 

subsequently expanding the steam to supply mechani-
cal power for compressing the air and synthesis gas 
supplied to the synthesis circuit. 

* * * * * 
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