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(71)   We, SNAM  PROGETTI S.p.A.,   (b) saving of thermal or mechanical
energy an Italian Company, of Corso Venezia, 16,  required for the
separation of the ammonia Milan, Italy, do hereby declare the invention,
from unreacted gases; for which we pray that a patent may be    (c) saving
on the plant cost by elimina-  50 5  granted to us, and the method by which
it is  tion of the ammonia separation stage; to be performed, to be
particularly described    (d) saving of the mechanical energy re- in and by
the following statement: -      quired for the CO[err] compression; and
This invention relates to a process for the    (e) saving on the plant cost
for the CO[err] production of urea, and, more particularly,  compression.
55 10  relates to a process for the production of    The subjection of the
ammonia production urea which is integrated with the production  to the
production of urea can apparently be of ammonia.
considered to be a negative aspect of the The production of urea on an
industrial  integrated process. The word "apparently" 



scale usually involves use of two plants, each  is used here, because the
integrated scheme  60 15  operating independently of the other. The  will
be feasible only in those cases wherein plants involved are a plant for the
produc-  all or a major part of the ammonia pro- tion of liquid ammonia in
which carbon  duced is converted into urea. Should an inte- dioxide is
produced as a by-product and a  grated process be practicable, then ammonia
plant for the production of urea involving  must be considered as an
intermediate pro-  65 20  reaction of the two products of the first  duct.
plant. When the final product is mainly urea,   In one integrated process
for the produc- ammonia can be considered to be an inter-  tion of urea
known at least in Italy, the raw mediate and for this reason it has already
synthesis gases for use in the ammonia syn- been attempted to integrate the
two plants. thesis are compressed and passed to a column,  70 25   It has
been considered generally that an  the upper part of which is employed for
ab- ideal scheme of integration would be one  sorption of CO[err] from the
raw synthesis gas 



wherein a direct reaction between ammonia  by means of ammonia solution
leading to and carbon dioxide would occur with forma-  formation of
carbamate, and the lower part tion of ammonium carbamate which is sub-  of
which is used for the conversion of the  75 30  sequently converted into
urea, integration  carbamate produced into urea. The CO[err] is being
carried out in such a way that it is  absorbed by anhydrous ammonia to
which an possible to avoid two steps characteristic of  aqueous solution of
the decomposition pro- operations with an ammonia line. One step  ducts of
the unconverted (to urea) ammonium involves the decarbonation of gas being
sup-  carbamate is added. Such a decomposition  80 35 plied to the ammonia
synthesis, using sol-  can be carried out at low pressure. vents, and
regeneration of carbon dioxide    A considerable amount of heat is produced
from the solvents followed by the compression  in the formation of the
carbamate and the thereof to the urea synthesis pressure. The  presence  of
inert components  (err) other step to be avoided is that of separation,
(hereinafter referred to as inerts) of raw syn-  85 



40 by liquefaction, of ammonia from the mix-  thesis gas reduces the
partial pressure of the ture of unreacted gases obtained. These two
NH[err] and of the CO[err] and makes it necessary steps are expensive to
operate.           to operate at high pressures (about 250 kg/ Advantages
of such a scheme would be the  cm2) to achieve sufficient partial pressure
of following:                                carbon dioxide to maintain the
reactants in  90 45   (a) saving of thermal energy required by  the liquid
phase. No means for utilizing such a conventional decarbonation plant;
heat as it develops is described in connec- [Price 25p]    2
1,359,715                                         2 tion with such a scheme
and thermal balance  formed is dehydrated to form urea and from   65 



is obtained by the introduction of cold absorb-  which there is obtained an
aqueous solu- ing solutions. The conversion of the carbamate  tion
containing urea and unreacted carbam- into urea is effected in the lower
part of the  ate and gas consisting of inert gases which 5  same apparatus.
are not reactants in the process, in which The raw synthesis gases from
which the  process unreacted carbamate present in the  70 CO[err] has been
absorbed after other treatments,  urea-containing solution from the second
re- are forwarded to plant for the synthesis of  actor is decomposed and at
least part of the ammonia at high pressure, namely from 400  decomposition
products so formed are re- 10  to 500 kg/cm2. In view of the fact that the
cycled in the gaseous phase to said second ammonia produced and employed to
obtain  reactor to condense therein and so that the  75 the aqueous
absorbing solution is initially  thermal balance of the heat of formation
of anhydrous, it can be deduced that its separa-  the carbamate which is
decomposed and the tion from the effluents of the urea synthesis  latent
heats of condensation and dissolution 



15  requires, for example, cooling with water fol-  of the carbamate
decomposition products is lowed by vaporisation. This can also be de-
sufficient to supply the heat needed to main-  80 duced because of the high
partial pressure of  tain the contents thereof at the dehydration ammonia
required.                          temperature of the carbamate, and
recover- In another integrated process, only part of  ing urea from  said
solution. 20  the CO[err] is supplied in the form of raw syn-    This
process has the particular advantage thesis gases, some of the CO[err]
therein con-  that it can be readily adapted for use in an  85 tained being
obtained pure by conventionally  integrated process of the above-described
type, treating raw synthesis gas. This procedure has  and, according to a
second aspect of this been adopted because the ammonium  car-  invention,
there is provided an integrated pro- 25  bamate formation and its
conversion into urea  cess for the production of urea, comprising is
carried out in this process in two different  the steps of carrying out, in
an absorber,  90 apparatuses, and in order to maintain the  absorption in
water or in a dilute solution of 



temperature of apparatus in which urca forms  ammonia, of the ammonia
present in the within an acceptable range, ammonia and  gaseous effluent
from  an ammonia synthesis 30  carbon dioxide of relatively pure form  are
reactor to obtain a concentrated ammonia used, the reaction therebetween in
the quan-  solution; in a carbamate reactor, passing raw   95 tities
permitted by use of the greater amount  carbon dioxide-containing synthesis
gas for of pure CO[err] permitted by the separation,  the synthesis of
ammonia through said con- supplying the necessary heat.
centrated ammonia solution to absorb the car- 35    The absorption of the
carbon dioxide from   bon dioxide present in the raw synthesis gas, the raw
synthesis gases to produce ammonium   to produce a concentrated solution of
ammo- 100 carbamate is effected at a lower pressure than  nium  carbamate;
feeding said concentrated the pressure employed for the urea synthesis;
ammonium carbamate solution to a urea re- aqueous solutions containing the
products of  actor; dehydrating the ammonium carbamatc 40  decomposition of
ammonium  carbamate not  in the urea reactor to form urea and obtain 



converted into urea, together with occasional  from  the urea reactor an
aqueous solution  105 additions of ammonia are also used in this
containing urea and gas consisting of inert process for the production of
urea. The car-  gases which are not reactants in the process; bamate
decomposition  products used  are  decomposing, in a decomposer, ammonium
45  scrubbed, partly in a first column to which  carbamate which remains
undehydrated after raw synthesis gases for supply of CO[ERR] are fed,
passage through the urea reactor, and supply- 110 and partly in a second
column to which a  ing at least part of the decomposition pro- diluted
ammonia solution is sent as absorb-  ducts thereof in the gaseous phase to
the ing agent. The solution from  this second  urea reactor so that the
balance of the heat 50  column is circulated as absorbing medium to  of
formation of the carbamate which is de- the aforesaid first column.
composed and the latent heats of condensa- 115 tion and dissolution of the
carbamate decom- The raw synthesis gases from  which the  position products
is sufficient to supply the 



CO[err] has been removed are used in the ammo-  heat heat needed for
maintaining the contents nia synthesis, after being subjected to the  of
the urea reactor at the dehydration tem- 55  usual pre-treatments.
perature of the carbamate; recovering the  120 According to a first aspect
of the present  urea-containing solution from  which unde- invention, there
is provided a process for the  hydrated ammonium carbamate has been de-
production of urea, comprising a first step  composed into its gaseous
components and wherein carbon dioxide is reacted in a first  separated
therefrom; and subjecting to metha- 60  or  carbamate  reactor  with
concentrated  nation the gaseous products of said contact-  125 aqueous
ammonia to form an aqueous solu-  ing of the concentrated ammonia solution
tion of ammonium  carbamate which is fed  with the raw  synthesis gas,
removing the to a second or urea reactor wherein, in a  ammonia entrained
in said gaseous product second step, the ammonium  carbamate so  and
subjecting the gaseous product to de-  



3                                        1,359,715
3 hydration and compression before supplying  2500C. and the pressure is in
the range of it to the ammonia synthesis reactor.      from  100 to 250
kg/cm[err], in the form of a The process of the second aspect of the  very
concentrated solution which is supplied present invention has the following
charac-  directly to a urea reactor for conversion into 5  teristic
features:                         urea. The conversion into urea will be
des-  70 (a) allows use of types of apparatus which  cribed hereinafter. In
addition to being sup- allow good contacting of reactants and good  plied
to the top of the carbamate reactor, heat exchange;
the ammonia solution can be supplied, in part, (b) the effective
dehydration of gases from  to the bottom. A gaseous stream of gas satur- 10
the carbamate reactor so that they can be re-  ated with ammonia and
substantially free of  75 



used in ammonia synthesis; this dehydration  CO[err] passes out from the
top of the first ex- step is in accordance with the invention des-  changer
to a cooler wherein a part of the cribed and claimed in our copending
British  ammonia condenses, and is returned to the Patent Application No.
53978/70 (Serial No.  first exchanger, preferably to the bottom 15
1,288,309).                               thereof.
80 (c) the separation of the ammonia pro-    The cooled gas from  the
carbamate re- duced in the ammonia synthesis reactor from   actor is then
passed to a methanation plant the other gaseous effluents therefrom by use
after being suitably pre-heated in suitable of water absorption, the
ammonia solution  heat exchangers. CO and CO[err] present in the 20
obtained being used for the reaction with  gas is converted to CH[ERR] and
the CH[err]con-  85 CO[err] to produce ammonium carbamate;         taining
gas so formed is advantageous used (d) the direct supply of the ammonium
to pre-heat the cooled gas in one of said carbamate solution obtained to
the urea reac-  heat exchangers, and is then passed to a 



tor; and                                   second vertical tube exchanger
(hereinafter 25   (e) the carrying out of an isobaric cycle  termed second
exchanger) which can be of  90 involving conversion of the carbamate into
similar design to the first exchanger, wherein urea and decomposition of
unconverted car-  it passes in counterflow with water or dilute bamate.
aqueous ammonia solution, which absorbs the The process of the present
invention per-  ammonia contained in the gases. The second 30 mits a
substantial reduction of the investment  exchanger is also cooled by a
cooling fluid  95 costs, since the amount of plant required  which flows in
a jacket there surrounding, is reduced with respect to the amount of  in
such a way as to maintain in the ex- plant used in prior art integrated
processes.  changer a temperature from  10 to 60[err]C; This results in
lower operating costs as it  the pressure in this exchanger generally
ranges 35 reduces remarkably the consumption of mech-  from 100 to 250
kg/cm[err]. Ammonia-contain- 100 anical energy and the consumption of
thermal  ing gases from an ammonia synthesis reactor 



energy per metric ton of urea produced.    are also supplied to this second
exchanger In the integrated process for the production  and also travel in
counterflow to the water of urea according to the present invention,  or
dilute ammonia solution, which absorbs 40 raw gases for ammonia synthesis,
generally in  practically all the ammonia present in the  105 the form  of
a steam  reformed mixture of  gases. water gas and producer gas, but
obtainable    A very concentrated ammonia solution (for by any other way,
and wherein the carbon  example 75 to 85%  by weight) is sent as monoxide
has been almost completely con-  absorbing medium from the second exchanger
45  verted to carbon dioxide, is compressed to a  to the first exchanger
wherein it absorbs the  110 pressure slightly higher than that intended to
CO2 present in the raw synthesis gas. be used in the urca synthesis. After
the com-    The gaseous mixture which issues from pression step, the
gaseous stream containing  the top of the second exchanger now contains all
the carbon dioxide necessary for the pro-  a high proportion of inerts and
to avoid accu- 



50  duction of urea is supplied to the bottom of  mulation of the inerts,
part of this gas stream  115 a vertical tube exchanger (hereinafter termed
is vented off. The remainder of this gaseous first exchanger) in which it
flows through the  stream, which is saturated with water, is sent tubes in
countercurrent with a film of ammo-  to a dehydration unit in which is
effected a nia solution, to produce ammonium carbam-  " quench " with
ammonia as described in the 55  ate. The heat of reaction involved is
removed  specification of our copending British Patent 120 by passing a
cooling fluid through a jacket  Application  No.  53978/70  (Serial  No.
surrounding the first exchanger. This cool-  1,288,309). ing fluid can be
water for feeding boilers.   In such a unit, the gases are dehydrated The
design of the carbamate reactor is not  by injecting therein liquid
ammonia, dehydra- 60  critical, and many types of commercially  tion taking
place in a part of the unit which  125 available apparatus can be used.
allows a large exchange surface to exist be- The carbamate solution which
has been  tween the gases and ammonia. Thorough mix- 



formed flows out of the bottom of the car-  ing of ammonia and the gases is
achieved, bamate, reactor in which the temperature is  in order that the
ammonia should partially 65  generally within the range of from  100 to
evaporate. The cooling caused by the adiabatic  130    4
1,359,715                                         4 evaporation of part of
the ammonia and the  plays the role of stripping agent. Under these solvent
effect of the ammonia itself, made  conditions, some of the ammonium
carbamate easy by the large area of exchange between  and most of the
dissolved ammonia are the gases and ammonia, results in the re-  stripped
and sent back to the reactor. By 5  moval of the last traces of water from
the  varying the extent of heating of the decom-  70 gases. This removal
can be preceded by a  poser and/or the amount of stripping ammo- 



step in which the gases are cooled in a heat  nia supplied thereto, it is
possible to vary exchanger in which dehydrated gas flows in  the amount of
decomposed unreacted carbam-  - countercurrent to the gas still to be
treated,  ate supplied to the urea reactor and hence 10  and results in
condensation of part of the  the temperature in the urea reactor. The urea
75 moisture content of the gases.              solution obtained in this
way is then sub- Immediately downstream  of the unit in  jected to
aftertreatments which are standard which the liquid ammonia is ejected, for
ex-  in the art. Inerts are vented from the urea ample a Venturi pipe, is
provided a gas-  reactor. 15  liquid separator wherein the cooled gases can
It is pointed out that the system pressures  80 be separated from
concentrated ammonia solu-  set out above are merely preferred, and it is
tion and the cooled gases passed to the afore-  possible to operate outside
the ranges speci- mentioned heat exchanger to undergo heat  fied, and in
particular at higher pressures. exchange with gases to be dehydrated and
An additional processing step which can be 



20  the concentrated ammonia solution can be  carried out on liquid
effluent from  the two  85 added to the urea solution which issues from
exchangers is one of fractional distillation. the urea reactor as will be
explained herein-  This means that the concentrated ammonia after. This
concentrated ammonia solution  solution produced in the second exchanger
can is preferably mixed with the weak ammonia  be subjected to fractional
distillation in known 25  solution which is formed in the heat exchanger
manner before being sent as absorbing solu-  90 wherein the
water-containing gases from the  tion to the first exchanger. The
fractional second exchanger are initially subjected to  distillation
results in production of liquid cooling.
ammonia and water or very dilute ammonia The dehydrated gases are then
compressed  solution. The liquid ammonia is then prefer- 30  to the ammonia
synthesis pressure, generally  ably supplied to the bottom  of the first
95 from  100 to 250 kg/cm[err], and then sent to  exchanger and the water
to dilute ammonia the ammonia synthesis reactor in which am-  solution is
supplied to the top of the first 



monia synthesis is effected in conventional  exchanger and allowed to flow
inside the manner. The ammonia produced  is then  tubes as a film  in
countercurrent with raw 35  cooled and supplied to the aforementioned
synthesis gas.                               100 second exchanger in which
it is dissolved in water or dilute aqueous ammonia flowing    Although the
process of the  present inven- in countercurrent therewith.
tion is preferably carried out in the form of The freshly produced ammonium
carbam-  an integrated process involving ammonia and 40  ate solution from
the first exchanger, option-  urea syntheses, in its broadest aspect, the
pro- ally together with ammonia, is supplied to the  cess can be  carried
out independently of 105 bottom of the urea reactor where the products
ammonia synthesis  In this case, instead of of decomposition of unreacted
carbamate are  using synthesis gas for  ammonia synthesis, injected. The
pressure conditions in the urea  any [err]  rich gas can be employed. Like-
45  reactor are such that all of these decomposi-  wise, it is possible to
employ any ammonia 



tion products condense on entering the urea  solution as absorbing agent
for the carbon  110 reactor and the latent heats of condensation  dioxide
in the formation of the carbamate, and dissolution evolved coupled with the
which carbamate can be then be supplied evolved heat of formation of the
ammonium   directly to the urea reactor for dehydration 50  carbamate are
sufficient to maintain the ther-  and the undehydrated carbamate can be de-
mal balance of the urea reactor. The tem-  composed according to the
present invention  115 perature in the urea reactor, which may be  and the
decomposition products supplied to adjusted by varying the amount of decom-
the urea reactor to maintain the temperature position products introduced
thereinto, which,  therein. 55  is in turn, dependent upon the extent of
de-    However, as will be clear from the fore- composition of unreacted
carbamate, may vary  going, the process of the present invention  120 from
150 to 250[err]C. and the pressure therein  is particularly suitable for
use in an inte- may vary from 100 to 250 kg/cm[err]. The solu-  grated urea
and ammonia synthesis plant. It 



tion of urea and ammonium carbamate which  is not necessary to work in the
ammonia syn- 60  issues from the top of the urea reactor flows,  thesis
reactor at pressures at high as those for example under gravity to the
carbamate  stated previously and, in some cases it is 125 decomposer
wherein it is heated by suitable  possible to work at substantially lower
pres- heating means, for example a heating fluid  sures. In the case of
ammonia synthesis at in a surrounding jacket. In the decomposer,  low
pressure, the separation of the ammonia 65  gaseous NH[err] can flow in
countercurrent and  from  the other components of the gaseous    9
1,359,715                                         9 the ammonium carbamate
in the urea reactor  wherein the liquid ammonia is supplied to the to form
urea and obtain from the urea reactor  bottom  of the carbamate reactor and
the 



an aqueous solution containing urea and gas  water or dilute aqueous
ammonia is supplied consisting of inert gases which are not re-  to the top
of the carbamate reactor. 5  actants in the process; decomposing, in a de-
12. A process as claimed in any one of  70 composer, ammonium  carbamate
which re-  Claims 3 to 11, wherein part of the gaseous mains undehydrated
after passage through the  effluent from  the ammonia synthesis reactor
urea reactor, and supplying at least part of  is vented, after passage
thereof through the the decomposition products thereof in the  absorber. 10
gaseous phase to the urea reactor so that the    13. A process as claimed
in any one of  75 balance of the heat of formation of the car-  Claims 3 to
12, wherein the methanised bamate which is decomposed and the latent
gaseous product of said contacting undergoes heats of condensation and
dissolution of the  heat exchange with the yet-to-be methanised carbamate
decomposition products is sufficient  gaseous product of said contacting.
15  to supply the heat needed for maintaining     14. A process as claimed
in any one of  80 



the contents of the urea reactor at the de-  Claims 3 to  12, wherein the
methanised hydration temperature of the carbamate; re-  gaseous product of
said contacting is also fed covering the urea-containing solution from  to
the absorber to remove ammonia entrained which undehydrated  ammonium
carbamate  therein. 20  has been decomposed into its gaseous com-    15. A
process as claimed in any one of  85 ponents and separated therefrom; and
sub-  Claims 3 to 14, wherein the gaseous effluent jecting to methanation
the gaseous product  from the ammonia synthesis reactor is mixed of said
contacting of the concentrated ammo-  with the methanised gaseous product
after nia solution with the raw synthesis gas, re-  passage of both through
the ammonia ab- 25  moving  the  ammonia  entrained  in  said  sorber and
the venting off of part of the  90 gaseous product and subjecting the
gaseous  former, to produce the moist feed stream of product to dehydration
and compression be-  ammonia synthesis reactor. fore supplying it to the
ammonia synthesis    16. A process as claimed in Claim  15, 



reactor.                                    wherein the moist feed stream
is dehydrated 30    4. A process as claimed in Claim 3, where-  by
injecting the same with liquid ammonia  95 in the pressure is substantially
the same in  and partially adiabatically evaporating off the the ammonia
synthesis reactor, absorber, car-  ammonia content thereof to cause
condensa- bamate reactor, urea reactor and ammonium  tion of the moisture.
carbamate decomposer.                         17. A  process as claimed in
Claim  16, 35    5. A process as claimed in Claim 4, where-  wherein the
injection of ammonia is pre- 100 in said pressure is in the range of from
100  ceded by a step in which the moist feed to 250 kg/cm2.
stream is cooled by heat exchange with the 6. A process as claimed in Claim
3, where-  dehydrated feed stream to effect partial con- in the operating
pressure is not the same in  densation of the moisture to form  a dilute 40
all of the ammonia synthesis reactor, absorber,  aqueous ammonia solution.
105 carbamate reactor, urea reactor and ammo-    18. A process as claimed
in Claim  16 or 



nium carbamate decomposer.                  17, wherein the feed stream  is
subjected to 7. A process as claimed in Claim 6, where-  a gas/liquid
separation after a condensation in the operating pressures in said
reactors,  of the moisture to separate a concentrated 45  absorber and
decomposer are in the range  aqueous solution of ammonia from  a dried  110
from 30 to 300 kg/cm2.                     feed stream  for the ammonia
synthesis re- 8. A process as claimed in any one of  actor. Claims 3 to 7,
wherein the synthesis gas    19. A process as claimed in Claim  18, from
which carbon dioxide has been removed  wherein the concentrated aqueous
solution of 50  in the carbamate reactor, is passed to a con-  ammonia is
mixed with said urea-containing  115 densation unit in which part of the
ammonia  solution. with which it has become saturated in the    20. A
process as claimed in Claim  17, IS carbamate reactor is condensed and
recycled  or 19, wherein the dilute aqueous ammonia to the carbamate
reactor.                   solution resulting from  said heat exchange 



55    9. A process as claimed in Claim  8, in  step, is mixed with said
urea-containing solu- 120 which the condensed ammonia is recycled  tion. to
the bottom  of the carbamate reactor.      21. A process as claimed in any
one of 10. A process as claimed in any one of  the preceding claims,
wherein urea is separ- Claims 3 to 9, wherein the concentrated  ated from
the urea-containing solution which 60  ammonia solution produced in the
absorber  is recycled to the urea reactor.             125 is subjected to
fractional distillation to yield    22. A process as claimed in any one of
the liquid ammonia for reaction with carbon di-  preceding claims, wherein
ammonia is addi- oxide in the carbamate reactor, and water or  tionally
supplied to the urea reactor to main- dilute aqueous ammonia.
tain an excess of ammonia therein. 65    11. A  process as claimed in Claim
10,    23. A process as claimed in any one of 130   
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10 the preceding claims, wherein the tempera-  solution is so maintained by
passage of cool- ture in the carbamate reactor is from 100 to  ing fluid
around the carbamate reactor.   30 250[err]C.
29. A process as claimed in any one of 24. A process as claimed in any one
of  the preceding claims, wherein the passage of 5  the preceding claims,
wherein the tempera-  the raw carbon dioxide-containing synthesis ture in
the urea reactor is from 150 to 250[err]  gas through the concentrated
ammonia solu- C.                                          tion is effected
in a vertical tube exchanger  35 25. A process as claimed in any one of  in
the tubes of which said synthesis gas and the preceding claims, wherein the
urea-con-  a film  of said concentrated ammonia solu- 10  taining solution
from the urea reactor descends  tion pass in countercurrent and heat pro-
in countercurrent with gaseous ammonia in  duced is removed by passing a
cooling fluid 



the ammonium  carbamate decomposer.         through a jacket surrounding
said tubes.    40 26. A process as claimed in any one of    30. A process
for the production of urea, the preceding claims, wherein the quantity of
substantially as hereinbefore described with 15  gases obtained by
decomposition of the un-  reference to the accompanying drawing. dehydrated
ammonium carbamate and which    31. A process for the production of urea,
is supplied to the urea reactor is variable in  substantially as described
in the foregoing  45 order that the dehydration can be regulated.
Example. 27. A process as claimed in any one of    32. Urea, whenever
produced by the pro- 20  the preceding claims, wherein the tempera-  cess
claimed in any one of the preceding ture of the carbamate solution being
formed  claims. in the carbamate reactor, is maintained, in all regions, at
a temperature above that at       HASELTINE, LAKE & CO., which the ammonium
carbamate crystallizes           Chartered Patent Agents, 



25  out, depending on its concentration in said         28, Southampton
Buildings, regions.
Chancery Lane, 28. A  process as claimed in Claim  27,
London, W.C.2. wherein the temperature of the carbamate            Agents
for the Applicants. Printed for Her Majesty's Stationery Office, by the
Courier Press. Leamington Spa, 1974. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1 AY, from which copies may be
obtained.    






