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(71)   We, Boc LIMITED, of Hammersmith  liquid is produced at a directly or
indirectly House, London W6 9DX, England, an English    controlled
temperature which is below the company, do hereby declare the invention,
for   boiling point of the volatile liquid at atmos- which we pray that a
patent may granted to us,  pheric pressure and at or above the boiling 5
'and the method by which it is to be performed,  point of the refrigerant
at atmospheric pressure, 55 to be particularly described in and by the fol-
and which is also between the boiling and freez- lowing statement:-
ing points of the volatile liquid at the prevailing This invention relates
to a process and appar-  pressure at which the condensate is formed, atus
for liquefying, or condensing volatile  the non-flammable gas remaining
uncondensed; 10 vapours.                                  the condensate is
collected; the uncondensed   60 In many processes for the manufacture of
gas is warmed to a temperature at or near to chemicals an effluent gas
containing a significant ambient temperature, then vented. proportion of a
toxic or otherwise undesirable  It is to be appreciated that the substance
to vapour is often produced. Moreover, such toxic  be condensed need not be
a liquid at ambient or otherwise undesirable vapours may be vented
temperature and atmospheric pressure. For ex-  65. from plants for handling
such chemicals. Such    ample, vinyl chloride has a boiling point at loss
of vapour is wasteful and may constitute a   atmospheric pressure of about
- 14 C. Indeed, health hazard.                             the invention is
particularly suitable for - In recent years, much technological activity
condensing the vapours of substances whose 20 has been devoted to finding
new methods of  boiling points at atmospheric pressure are below 70 dealing
with toxic gaseous effluents. One notable ambient temperature. Nonetheless,
the inven- problem arises in plants which produce vinyl    tion is also
useful for condensing the vapours chloride in monomeric form or which use
the    of compounds which although liquid at ambient monomer as a feedstock
to manufacture other   temperature and atmospheric pressure have a 25
chemicals (for example, polyvinyl chloride).    substantial vapour pressure
at such pressure and 75 Since vinyl chloride is exceedingly toxic it is
temperature. For example, the invention may generally considered unsafe to
allow the con-    be used to condense petroleum vapour. Examples centration
of vinyl chloride in any exhaust gas   of other vapours that may be
condensed by the to exceed more than 10 parts per million (ppm). process
and apparatus according to the present 30 Indeed, some authorities (notably
in the USA)   invention are vinyl acetate, ethylene dichloride  80
stipulate that the concentration of vinyl chloride and acrylonitrile. The
invention is not, how- should not exceed two ppm.                 ever,
limited to the examples mentioned in this It has been proposed to remove
vinyl chloride 'paragraph. from exhaust gases by passing the exhaust gases
By the term liquid refrigerant, as used here- 35 through an incinerator by
which means the   in, is meant a liquid which at atmospheric  '85 -vinyl
chloride is converted into less toxic com- pressure has a boiling point of
- [err] or less. pounds or by passing the exhaust gases through   The
preferred liquid refrigerant is liquid an adsorption bed of activated
carbon whereby   nitrogen although such cryogenic liquids as the vinyl is
adsorbed. In practical use, however,  liquid methane and liquid argon may
be used 40. it has been found that these methods have   instead.
Preferably, a single refrigerant is used.  90 certain drawbacks.
Often the source of the vapour will be a According to the present invention
there is    mixture of the vapour with a non-flammable provided a process
for condensing the vapour of  gas such as nitrogen, which gas remains in
the a volatile liquid, in which a gaseous mixture  gaseous phase at the
temperature at which the 45 comprising the vapour of the volatile liquid
and  vapour is to be condensed. If however, the  95 -         a
non-flammable gas is heat exchanged directly  source of the vapour to be
condensed is pure, or indirectly with a liquid refrigerant (as herein-  the
vapour should be mixed with a non- after defined) or vapour evolved
therefrom, or   flammable gas which does not condense with both, the heat
exchange being performed such   the vapour. Such a gas is nitrogen. This is
50 that condensate of the vapour of the volatile  preferably done even if
the source of vapour is 100 v     2
1582955                                     2 one which is a mixture of the
vapour with a  passing therethrough, is reduc6d to the tempera-
non-flammable gas which does hot condense  at which the cryogenic liquid
refrigerant boils. with the vapour. Preferably, the nitrogen or  This
temperature may be chosen by subjecting other gas is mixed with the vapour
at a pre-  the liquid refrigerant in the container to a 5 determined rate.
selected pressure. The greater the pressure to   70 



Having a facility to add nitrogen to the  which the liquid refrigerant is
subjected the incoming vapour offers a number of advantages. higher will be
its boiling point. The pressure to It makes possible purging of the
condenser and   which the liquid refrigerant is subjected may the heat
exchanger when the flow of incoming  be that used to transfer the liquid
refrigerant 10 vapour is intermittent. It also facilitates sensing  into
the container. For example, if the con-    75 of the temperature at which
the condensate  tainer of liquid refrigerant is a so-called "vacuum- leaves
the condenser if such temperature sens-   insulated evaporator" (VIE) the
transfer ing is used to control the heat exchanger.  pressure may be
effected by creating a chosen Moreover, if the whole or the major portion
of   pressure in the ullage space of the evaporator. 15 the incoming vapour
is condensible the addition  If this pressure E- not sufficient a pump may
be 80 of nitrogen thereto will prevent an excessively   used to create an
even greater transfer pressure. large suction being set up on the
condensation  In an alternative form of condenser the of the vapour. Such
suction may draw air or  outside of the or each heat exchange conduit water
into the condenser or equipment associ-   tube, (eg; pipe or coil) may be
contacted by a 20 ated therewith. Such water, or carbon dioxide   stream or
streams of liquid refrigerant or the   85 and water vapour in such air,
would be likely  -- vapour thereof, or both, rather than by a to freeze,
and thereby block passages through    stationary body of liquid
refrigerant. For which condensed liquid is required to flow. In   example,
the liquid refrigerant may be sprayed addition, any air drawn into the
condenser could onto the or each heat exchange conduit. For 25 give rise to
an explosive mixture therein.  this purpose, a number of spray nozzles may
be 90 If it is desired that the refrigerant should be   disposed
circumferentially about the or each recovered uncontaminated with the
vapour to    heat exchange tube or pipe. Control of the heat be condensed
the refrigerant should be kept  exchange may be effected by monitoring
either separate from the vapour to be condensed by    the temperature of
the liquid condensate or 30 choosing that the heat exchange be indirect.
the outgoing uncondensed gas. Preferably,  95 On the other hand, if it is
not desired to recover  the latter temperature is sensed. The sensed 4
the refrigerant or if some contamination    temperature may be used to
control the heat thereof can be tolerated, the refrigerant may be  exchange
automatically. For example, a stop directly contacted with the vapour to be
con-    valve in the pipe supplying the liquid refrigerant 35 densed in
order to effect the condensation (ie.   to be heat exchanged may be
arranged to be    100 direct heat exchange). Direct heat exchange  open
only when the sensed temperature is offer the advantage that it makes
possible a  above a chosen value. Thus, liquid refrigerant plant more
simple than that required if the  is sprayed only when the sensed
temperature is refrigerant and the vapour to be condensed are   above the
chosen value. The stop valve may for 40 kept separate. However, when
condensing    example be a pneumatically or electrically  105 highly toxic
substances such as vinyl chloride  operated valve. The advantage of such a
con- it will usually be desirable to ensure that the  denser is that it
enables the cryogenic liquid to refrigerant remains uncontaminated by the
be used economically and is readily able to toxic substance.
achieve temperatures well above the boiling 45   Desirably the condesner
includes at least one  point (at atmospheric pressure) of the liquid   110
conduit, typically a pipe or tube, if desired,  refrigerant. helically
coiled, through which one of the    In alternative forms of condenser the
or each vapour to be condensed and any gas mixed                  heat
exchange coil, tube or pipe is contacted therewith, or the refrigerant is
passed, the  with gas evaporated from the liquid refrigerant. 50 other
being contacted with the external surface  In one such form of condenser
liquid refriger-  115 of the or each conduit. The or each pipe or  ant is
received in the same vessel as that in which tube is preferably of metal
having good heat  the or each heat exchange pipe tube or coil is conductive
properties and being suitable for      received. Typically, the lower end
of the or use at temperatures below ambient, for ex-  each heat exchange
coil, pipe or tube is situated 55 ample copper.
in a vessel well above the base thereof, the  120 Several different
embodiments of con-    space therebelow being adapted to hold liquid denser
may be employed in the method accord-  refrigerant and having a heater
associated there- ing to the present invention.             with for
evaporating the liquid refrigerant. The The condenser may for example
include a  heater is preferably a coil or tube through which 60 container
through which the or each conduit    warm heat exchange fluid can be
passed. The   125 passes, which container is adapted to receive  warm heat
exchange fluid may be nitrogen at   liquid refrigerant such that in
operation the or   or near ambient temperature. By choosing the each
conduit is at least partially immersed in    rate at which the warm heat
exchange fluid is the liquid refrigerant whereby the temperature   passed
through the heater the rate at which 65 of the vapour, and the gas mixed
therewith,  the cryogenic liquid refrigerant is evaporated   130     f 2
3                                    1 582 955
3 and hence the temperature of the condensate    ant is passed through the
condenser. This is nt R                        may be controlled.
Typically, the temperature   preferably achieved by positioning a tempera-
of the condensate leaving the condenser is  ture sensor in the condensor
such that it is sensed by a temperature sensor (or alternatively  contacted
by the condensate or any uncondensed 70               5 the temperature of
the uncondensed gas if any)   gas (typically nitrogen) and arranging for
the   70 - leaving the condensor is sensed and the sensed   temperature
sensor to feed signals to a valve 



temperature is used to control, preferably   controlling the rate of entry
of evaporated automatically, the setting. of the flow-control
refrigerant into the condenser. The valve may valve in the inlet to the
heater so as to keep the   be electrically and/or pneumatically operated.
75              10 sensed temperature at or close to a chosen value    A
suitable form of condensor for effecting  75 alternative formof heater that
can be  heat exchange between the vapour to be con- used is an electrical
heater. In this example the   densed and evaporated refrigerant is a shell-
sensed temperature may be used to actuate the   and-tube heat exchanger. If
desired, the electrical heater only if it is above a chosen  evaporated
refrigerant may be passed through 15 temperature.
the tubes and the gaz mixture containing   80 In preferred alternatives to
the form of  vapour to be condensed passed through the condenser in which a
stationary volume of    space between the shell and tubes. However, liquid
refrigerant is evaporated in situ in the  it is preferred that the gas
mixture containing condenser itself, liquid refrigerant is evaporated  the
vapour to be condensed be passed through 85            20 outside the
condenser. In one such alternative a  the tubes and the evaporated
refrigerant passed 85 stream or spray of liquid refrigerant is cor  through
the space between the shell and tubes. For                          bined
with evaporated refrigerant leaving the  The advantagesof forms of
condenser which e sprayed                    condenser after heat exchange
with the vapour   condense the vapour by heat exchange with . to be
condensed and then passed into the con-   evaporated refrigerant only, is
that a tempera- es may be 90             25 denser. A blower may be used in
order to recir-  ture well above the boiling point of the refriger- 90 or
each                      culate the evaporated refrigerant. The blower
ant liquid (at atmospheric pressure) may of the heat                  may
be downstream of where the liquid refriger- readily be achieved. ant joins
the vapour being recirculated but is  If it is desired to use a "direct
contact" preferably upstream thereof. The temperature    condenser the
incoming gas mixture containing rably,    95              30 of the
refrigerant entering the condenser (and    the vapour to be condensed is
preferably pre-  95 sensed                       hence the temperature of
the condensate) is  cooled by heat exchange with the said uncon- the heat
preferably kept at or near to a chosen tem-  densed gas. If any condensate
is formed during le, a stop                   perature by controlling the
introduction of  the pre-cooling it is preferably separated from 1
refrigerant                liquid refrigerant into the vapour being re-
the uncondensed gas before the latter is passed ed to be    100
35 circulated. This may be done by sensing the  into the condenser. In the
condenser, refriger-  100 ture is                      temperature of the
vapour at or near to its  ant liquid (preferably liquid nitrogen) is
arranged efrigerant                   inlet to the condenser and adjusting
the setting   to impinge upon the vapour to be condensed. of a valve in a
pipe from which the liquid   The condensate and uncondensed gas are then
refrigerant is introduced into the circulating  preferably passed into a
combined denister trically   105             refrigerant vapour. The
adjustment may be  and separator in which the uncondensed gas   105 ch a
con-                    effected automatically by arranging for the  is
disengaged from the condensate. The uncon- ic liquid to
temperature sensor to generate signals which  densed gas may then be heat
exchanged with able to                      actuate a pneumatically,
electrically or     the incoming gas mixture containing the vapour boiling
pneumatically/electrically operated valve    to be condensed so as to
precool the latter. 110               Another way of evaporating liquid
refriger-  The temperature at which the condensate is 110 ant is to heat
exchange the liquid refrigerant  collected is preferably controlled by
sensing its r the or each                with a fluid which is preferably
above ambient   temperature, or that of the uncondensed gas temperature
which is kept separate from the  before it is heat exchanged with incoming
refrigerant, and which is not heat exchanged  gaseous mixture, and
employing signals generated id refriger-  115         50 with the gaseous
mixture to be condensed.    by the temperature sensor to control the   115
that in which                A preferred heat exchange fluid is steam. The
setting of a flow-control valve in a conduit evaporated refrigerant may be
supplied to the    through which the liquid refrigerant is supplied of the
or                    condenser at or close to a chosen temperature   to
the condenser so as to keep the sensed tem- be is situated               by
controlling the amount of fluid that is heat   perature at or near to a
chosen value. The valve eof, the    120           55 exchanged with the
liquid refrigerant. This  may be pneumatically and/or electrically oper-
120 hold liquid                  may be achieved by sensing the temperature
of   ated. the gas leaving the heater and feeding appropri-  If desired,
when there is not direct contact rigerant. The                ate signals
to a flow-control valve which controls between the liquid refrigerant and
the gaseous through which                the inlet of the heat exchange
fluid to the heat   mixture, the condensate together with uncon- 125
60 exchanger in which the liquid refrigerant is  densed gas may flow,
typically under gravity,  125 nitrogen at                  evaporated so as
to keep the sensed temperature  into a phase separator adapted to disengage
at or near to the chosen temperature. The valve  the gas from the liquid.
The liquid condensate nge fluid is                 may be electrically
operated. The temperature    may pass, typically under gravity, into a pro.
at which                     of the condensate may be controlled by con-
duct collection/transfer vessel. This vessel evaporated   130          65
trolling the rate at which the evaporated refriger- preferably has a valved
inlet for the condensate 130      4                                      1
582 955                                   4 and a separate valved inlet for
inert non-    reversing heat exchanger. flammable gas such as nitrogen. In
addition, the  If the vapour contains only small quantities of tank
preferably has a valved outlet for the trans-    such impurities and if it
is tolerable to purge the fer of the condensate and a valved outlet for
condenser and ancilliary equipment at regular venting the non-flammable gas
from the con-   intervals with, for example, warm nitrogen the  70 tainer.
impurities may be allowed to freeze in the con- Preferably the valves are
operated in sequence    denser or ancilliary equipment, the frozen im- 



to stop the flow of condensate into the vessel,  purities then being
removed by being sublimed or pass nitrogen into the vessel, discharge the
product  evaporated by the warm nitrogen. 10 therefrom and vent nitrogen
therefrom, the        One convenient form of heater or heat ex-   75
sequence being initiated when the level of con-  changer for warming the
outgoing uncondensed densate in the vessel reaches a chosen level.  gas and
evaporated refrigerant streams is a bath Preferably, the evaporated
refrigerant from the   containing hot water. condenser and the uncondensed
gas therefrom are    The water may be heated by steam, the sup- .15 passed
through a heater or heat exchanger so as  ply of which : controlled by a
flow-control  80 to warm them to atmospheric temperature, or a  valve
sensitive to variations in temperature in temperature near thereto. The
evaporated refriger-  the bath. ant may then be used in another process.
The un-  If desired, the incoming vapour and any gas condensed gas may be
discharged to the stack of    mixed therewith or to be mixed therewith, may
20 the plant from which the vapour to be condensed    be heat exchanged
with the outgoing evaporated 85 originates.                               -
nitrogen and any uncondensed gas before being It is to be appreciated that
the temperature at    admitted to the condenser. This makes possible which
the condensate is supplied to the collection   a reduction in the
consumption of cryogenic 25 vessel should be such that its vapour pressure
does  liquid and steam, if the latter is used to warm     25 not exceed a
level at which the concentration there- the outgoing gases.
90 of in any uncondensed gas does not exceed a chosen    By using only a
single refrigerant, for level. For some compounds having a relatively
example liquid nitrogen and/or its vapour, con- -    low vapour pressure it
may be possible to arrange   trol of the process is facilitated. for this
temperature to be such that the uncondensed   The invention also includes
within its scope   30 gas may be vented to the atmosphere without   vapour
condensed by the process according to   95 further treatment. However, for
particularly  the present invention. volatile substances such as vinyl
chloride it will  The process and apparatus according to the generally be
desirable to mix the uncondensed gas   present invention will now be
described with with an appropriate volume of air or other gas  reference to
the accompanying drawings of 35 before discharging it to the atmosphere.
Thus, if    which;                                 100 the vapour is vinyl
chloride and the mixture     Figure 1 is a flow diagram illustrating one
received by the condenser consists of vinyl chloride  plant for performing
the process according to and nitrogen, and if it be desired that the gas
dis-   the present invention; charged from the plant should not have a
concen-  Figure 2 is a flow diagram illustrating a 40 tration of vinyl
chloride in excess of 10 ppm the    second plant for performing the process
accord- 105 nitrogen stream may be mixed with air or other gas  ing to the
present invention; in the stack of the plant in which the vinyl chloride
Figure 3 is a flow diagram illustrating a third is manufactured or used.
For example, if the   plant for performing the process according to vapour
pressure of the condensed vinyl chloride    the present invention; 45 is
equivalent to a concentration of 100 ppm the   Figure 4 is a flow diagram
of a fourth plant   110  nitrogen may be mixed with 10 times its volume
for performing the process according to the  4 of air in the stack.
present invention; If the gaseous mixture contains impurities such  Figure
5 is a flow diagram of a fifth plant for as water and carbon dioxide which
freeze at the  performing the process according to the present   50
temperature at which the condensate is produced   invention; and
it is preferable to remove such impurities before  Figure 6 is a flow
diagram of a sixth plant condensation. This is conveniently done by passing
for performing the process according to the pre- the  coming gaseous
mixture through a reversing   sent invention. heat exchanger in heat
exchange with one or both  With reference to Figure 1, process gas which 55
of the cold gaseous streams leaving the condenser.  may for example include
or consist of vinyl  120 Typically, two reversing heat exchangers can be
chloride mixed with nitrogen enters the plant employed, and the fluids-to
be heat exchanged    through pipeline 100 and passes therethrough may be
switched from one to the other at regular   into the inlets 102 (a), 102
(b) and 102 (c) of intervals of, say, [err] hour. The operation of
vertically disposed heat exchange coils 104 (a), 60. reversing heat
exchangers is well known from for    104 (b), and 104 (c) which extend
vertically  125 example plants for the cryogenic separation of air.
downwards therefrom and which form part of a If desired, a differential
pressure detector may be   condenser 106. connected across the or each
reversing heat      Liquid nitrogen from a vacuum insulated exchanger to
detect the amount of solids frozen    vessel 108 is passed through a heat
exchanger 65 on the heat exchange surface of the or each    110 in which it
is evaporated and warmed to  130     I 4
1 582 955                                  5 approximately ambient
temperature.        or electrically operated control valve 138. The From
the heat exchanger 410 the resulting   operation of the tank 140 shall be
described nitrogen gas passes through an expansion valve'  hereinafter. 112
and a manual control valve 114 whereby its    The uncondensed nitrogen
rises to the top of 5 pressure is reduced to that of the process gas    the
phase separator 134 and passes out of it    70 entering the pipeline 100.
'through conduit 142 which extends through the The expanded nitrogen is
metered through a  heat exchanger 110 and has located therein ag sublimed
or               flow indicator 116 which is controlled by the
downstream of the heat exchanger 110, a non- 



valve 114 upstream thereof and which is adapted return valve 144. The
conduit 142 comes to an 75        10 to introduce nitrogen into the
pipeline 100 at a  end in the stack of the plant in which the vinyl 75
predetermined rate.                        chloride is made or used. As the
nitrogen passes ms is abath                  The mixture of nitrogen and
vinyl chloride   through the heat exchanger 110 so it is warmed as it
passes through the heat exchange coils 104  to ambient temperature. am, the
sup-                is cooled by means of volume 118 of liquid    The
condenser 106 has an outlet 146 for v-control    80          15 nitrogen in
which the coils 104 are immersed.   nitrogen evaporating from the volume
118 of   80 perature in                     The' liquid nitrogen is
introduced into the    liquid nitrogen therein. The outlet 146 is situ-
condenser 106 from the vacuum insulated   ated near the top of the
condenser 106 and. and any gas                 evaporator 108 under a
chosen pressure created  communicates with a conduit 148 which ex- in the
ullage space of the Vessel 108.    'tends through the heat exchanger 110.
Situated 2    Entry of the liquid nitrogen into the con-    in the conduit
148 downstream of the heat ex- 85 denser 106 through inlet 120 is
controlled by a  changer 110 is a pneumatically or electrically
pneumatically or electrically operated valve 122  operated flow-control
valve 150 which may be positioned upstream of the inlet 120. The valve  set
to close should the temperature sensed at  ed to warm                  122
is opened when a level sensor 124 positioned 152 downstream thereof fall
below a chosen 90        25 inside the condenser 106 at a chosen level
fails  value. Downstream of the valve 150 is a back    90 to detect the
presence of liquid nitrogen. By  pressure valve 156 set to control the
pressure this means the level of liquid nitrogen in the  on its upstream
side such that it is kept above a condenser 106 is kept at a chosen level.
minimum chosen to be greater than the maxi :hin its scope
This level may be chosen such that the coils  mum pressure at which the
nitrogen is required according to   95  30 104 are totally or partially
immersed in the        by the process operated on its downstream side. 95
liquid nitrogen. If desired, baffles (not shown)   This prevents the
nitrogen from being may be located in the ullage space of the con-
'demanded' from the conduit 148 by equip- denser 106 to direct evaporated
nitrogen over   ment into which the nitrogen is passed. the upper portions
of the heat exchange coils  Referring now to the collection/transfer tank
100      35 104, the level sensor 124 being arranged to keep  140, this
tank has a valved outlet line 158  100 trating one                 the
coils only partially immersed in liquid  through which vinyl chloride may
be transferred according to                 nitrogen. By this means the
evaporated nitrogen to the plant in which it is used or formed. The as well
as the liquid nitrogen may be used to    line 158 has an electrically or
pneumatically reduce the temperature of the incoming process operated valve
160 located therein. The tank 40 gas                               140 also
has a valved inlet pipe line 162 for  105 The pressure at which the
nitrogen is supplied gaseous nitrogen. Pipeline 162 communicates to the
condenser 106 through the inlet 120  with the downstream end of the
expansion determines the temperature at which the volume valve 112 and thus
receives evaporated nitrogen of liquid nitrogen 118 boils and hence the
tem-  from the evaporator 108 via the heat exchanger' 45 perature to which
the mixture of nitrogen and   110. Alternatively, a line (not shown) may be
110 vinyl chloride is reduced as it passes through    taken directly from
the ullage space of the the heat exchange coils 104. If this tempera-
evaporator 108 via a pressure control valve (not ture is chosen to well
above the normal atmo    shown) to provide cold gas for this purpose. In
spheric boiling point of the liquid nitrogen  the line 162 is situated a
pneumatically or 115     50 (-[err]) it may not be possible to generate the
electrically operated control valve 164. The  115 a sixth plant
required pressure in the vacuum insulated  tank 140 also has an outlet line
166 which ex- ding to the pre-            evaporator 108. In order to boost
the pressure,  tends through the heat exchanger 110 and corn therefore, a
pump may be provided at location   comes to an end in the stack (not shown)
of a 128 in order to generate the required pressure.  plant in which the
vinyl chloride is used, formed st of vinyl  120       55    The mixtureof
gaseous nitrogen and con-    or stored. The outlet line 166 has near its
inlet  120 ters the plant -             densed vinyl chloride leaves the
heat exchange   a pneumatically or electrically operated flow therethrough
coils 104 through outlets 130 (a), 130 (b) and   control valve 168. In
addition, the line 166 has - 130 (c) which communicate with a pipeline 132
downstream of the heat exchanger 110 a non- e coils 104 (a),            for
feeding the liquid-gas mixture into a phase  return valve 170. This
non-return valve prevents nd vertically    125     60 separator 134. In the
phase separator 134 the   return of gas containing vinyl chloride or  125 h
form part of a             liquid is disengaged from the vapour. The
liquid' oxygen from the stack. collects at the bottom of the separator 134
and    In normal operation of the tank 140, the may be passed into a
thermally insulated pro-   valves 138 and 168 will remain open to permit.
eat exchanger                duct collection/transfer tank 140 via pipeline
condensed vinyl chloride to flow into the tank id warmed to    130      65
136 which has located therein a pneumatically  140 from the phase separator
134. The other   130       6                                      1582955
6 valves will generally be closed. When the level   to that shown in Figure
1 but incorporates a of vinyl chloride in the tank 140 reaches that of
different form of a condenser. Parts of the plant an upper level sensor 172
located therein the  shown in Figure 2 which have exact counter valves may
be actuated in the following time  parts in the plant shown in Figure 1
will be in- controlled sequence. First, the valves 138 and    dicated by
the same reference numerals as used 70 168 are closed to prevent further
entry of  in Figure 1 and shall not be described again vinyl chloride into
the tank or venting of  with reference to Figure 2. 



vapour therefrom. Second the valve 160 is      The process gas, consisting
of nitrogen and opened. Third, the valve 164 is opened so as to   vinyl
chloride enters condenser 201 a shell and 10 permit nitrogen to pass into
the ullage space of  tube heat exchanger through an inlet 203 and  75 the
tank 140 and to create in the ullage space    passes outside several
vertically disposed heat thereof a pressure sufficient to transfer liquid
exchange tubes 205. At the lower end of the from the tank 140. During the
transfer period,   condenser 201 is a collection region 227 for vinyl
chloride may still be condensed. The  condensate which communicates
directly with 15 separator 134 should desirably have a suf-  the pipe 136,
though if desired a phase separator80 ficiently large volume to be able to
collect con-  may be interposed between the two. densate during the
transfer period without the  At the bottom of the condenser 201 below a
operation of the condenser 106 being impaired.  an outlet header 207 is
maintained a volume of When the level of liquid in tank 140 has fallen
liquid nitrogen 209. Immersed in the volume   20 to that of a lower level
detector 174 the valves   209 of liquid nitrogen is a heat exchange coil
85 164 and 160 are closed. A chosen time after-    21 1. The inlet end of
the heat exchange coil  wards the valve 168 is opened to enable the  211 is
connected to a pipeline 213 which com- ullage space of the tank to be
vented, the gas  municates with the downstream end of the passing through
the heat exchanger 110 being    expansion valve 112. The outlet end of the
heat   25 vented to the stack. A chosen time afterwards    exchange coil
211 communicates. with a con-   90 the valve 138 is reopened so as to
permit intro-   duit 215 which passes through the heat ex- duction of the
condensed vinyl chloride into  changer 110 and may end in the inlet of
another the tank 140 to take place again. If desired, the   plant in which
the nitrogen is to be used. Down- tank may be fitted with an automatic
alarm 180  stream of the heat exchanger 110 the conduit 30 such that if the
level of vinyl chloride therein    215 has a pneumatically or electrically
operated 95 remains at or above that of the detector 172 for  flow control
valve 217 which is controlled by a a chosen time the alarm 180 will sound.
temperature sensor 219 located downstream The streams passing through the
heat ex-  thereof such that gas will not flow through the changer 110 are
warmed by a volume of hot   valve 217 if the nitrogen has not been warmed 3
water 182 maintained therein. The water 182    up to a chosen temperature
by the heat ex-  100 is heated by steam, typically at 80 p.s.i.g., ad-
changer 110. Downstream of the valve 217 is a mitted into the heat
exchanger 110 through a    back pressure valve 221. pipeline 184. The
pipeline 184 has disposed    To permit discharge of uncondensed gas, the
therein a mechanically-operated flow control    condenser 201 has an outlet
223 for uncon- valve 186. The setting of the valve 186 may be densed gas
which communicates directly with  105 adjusted automatically by means of
signals  the pipeline 142. generated by a temperature sensor 188 located
In operation, warm nitrogen gas passes in the volume of water 182 so as to
keep this    through the heat exchange coil 211 to evaporate
volume of water at a chosen temperature, say,   liquid nitrogen from the
volume 209 thereof. 45 [err]. The pipeline 184 ends in a silencer 190  The
so-formed cold nitrogen vapour then enters 110 through which the steam is
introduced into the   the heat exchange tubes 205 through their volume of
water 182. To ensure that the water  lower ends and ascends these tubes 205
thereby   is kept at an approximately uniform temperature cooling the
mixture of nitrogen and vinyl chlo- at all levels in the heat exchanger 110
a pump    ride passing outside the tubes 205 to a tempera- 5C 192 may be
provided so as to transfer water  ture at which the vinyl chloride
condenses. The 115  from the bottom of the heat exchanger 1 10 to
evaporated nitrogen after passing through the a region near the top
thereof. In addition, the    tubes 205 leaves the condenser 201 through an
heat exchanger 110 is provided with an outlet    outlet header 225 which
communicates with 194 through which excess water may be dis-          the
pipeline 148. 55 charged.                                   A temperature
sensor 227is located in con   120 If desired, the plant may have means for
tact with the condensed liquid leaving the region   introducing warm
nitrogen into the pipeline in   207. Signals from the sensor 227 are used
to   which the valve 122 is disposed. For this pur-    control the setting
of a solenoid operated flow- pose, an extra line 196 may be incorporated in
control valve 229 located in the pipeline 213. 60 the plant in
communication with the down-   Thus, the valve 229 may be set to allow a
flow   125 *        stream end of the nitrogen expansion valve 112.  of
warm nitrogen gas through the heat ex- The line 196 has a shut-off valve
198 disposed    change coil 211 sufficient to maintain the tem- therein.
perature sensed by the sensor 227 at a chosen Referring now to Figure 2 of
the drawings,   value. 65 the plant illustrated therein is generally
similar  Instead of supplying the pipeline 213 with   130     6
7                                     1 582 955
7 rates a                    expanded nitrogen from the expansion valve
communicating with the space defined between the -'ant                 1 12
the plant shown in Figure 2 also has an  the shell of the heat exchanger
and several alternative circuit for recycling to the pipeline   spaced
apart, vertically disposed heat exchange the nitrogen evaporated from the
volume    tubes 405. Cold nitrogen gas enters the con- 5 209. Thus, a
conduit 231 extends from a    denser 401 through an inlet header 407 which
70 region of the conduit 148 upstream of the valve  communicates with the
lower ends of the heat 150 but downstream of the heat exchanger 110
exchange tubes 405. The cold nitrogen ascends and ends in the conduit 213
downstream of a    the tubes 405 and cools the process gas outside shut off
valve 233 disposed in the conduit 213,  the tubes to a temperature at which
the vinyl 



75             10 The conduit 231 has disposed therein a shut-off  chloride
it contains condenses. Baffles (not    75 valve 235 and a pressure
regulator 234 upstream  shown) may be fitted across the condenser 401 of
the union of the conduit 231 with the con-   to obtain good circulation of
the process gas as duit 213. Using this alternative means of sup- -  it
passes through the condenser 401 and thereby ctly with
plying the coil 211 with warm expanded gaseous improve the heat exchange
between the nitrogen 0           15 nitrogen reduces the consumption of
liquid  and the process gas.                     80 nitrogen. If this
alternative means is to be used  The nitrogen vapour passes out of the
tubes the pressure that the gaseous nitrogen from line  405 through their
upper ends into an outlet volume of                  215 is required at
should be less than the press-  header 409 which communicates with the
inlet volume                     ure of the gas leaving the header 225, but
higher of the conduit 148. An inlet of a nitrogen re- 20 than the pressure
required downstream of the    cycle line 411 extends from a region of the
con 85 valve 221.                                  duit 148 upstream of the
heat exchanger 110. now to the plant shown in Figure  Its outlet ends in
the inlet header of the con of the                     3, parts of the
plant identical to that shown in   denser 401. Located in the recycle line
411 is a of the heat                Figure 1 are given the same reference
numerals  blower 415. By operation of the blower a pro- h a con-   90
25 and are not described again. The main differ-    portion of the gas
leaving the condenser 401    90 ence between the plant shown in Figure 3
and   through the outlet header 409 is returned to t of another
that shown in Figure 1 is that a different con-   the inlet header 407.
denser is used.                               In order to reduce the
temperature of the re- e conduit                     A condenser 341 has an
inlet header for pro-  circulating nitrogen liquid nitrogen is introduced
ily operated 95         30 cess gas, which is typically a mixture of vinyl
from the VIE 108 via conduit 417 into a mixer 95 rolled by a
chloride and nitrogen, in communication with   and knockout chamber 413
located in the re- the pipeline 100. The inlet header 343 receives  cycle
line 411 downstream of the blower 415. the upper ends of several heat
exchange tubes   In the conduit 417 is situated an electrically or n warmed
345. The lower ends of the tubes 345 terminate  pneumatically operated
valve 419. A tempera- 35 in a reservoir 347 for condensed vapour. Un-
ture sensor 421 is located in thermal contact   100 condensed gas
disengages from the vapour and   with the gas in the recycle line 411 at a
region leaves the tubes through an outlet header 349.   downstream of the
blower 415. In operation, sed gas, the               A pipeline 351
communicates at one end with   the sensor 421 generates signals which
actuate uncon-                     the vacuum insulated evaporator 108 and
at its  the control circuits of the valve 419 so as to ectly with  105
40 other end with four vertically spaced apart sets  operate this valve
such that the sensed tempera- 105 of circumferentially disposed spray
headers  ture is kept at or close to a chosen temperature passes
353. The pipeline 351 supplies liquid nitrogen   which corresponds to the
temperature at which to evaporate               to the spray headers 353
which spray liquid  it is desired that the condensed vinyl chloride
nitrogen onto the outer surfaces of the tubes    should be obtained. 1
45 345. Located in the pipeline 351 is a pneumati-    The condensed vinyl
chloride and uncon-    110 cally or electrically operated flow-control
valve  densed gas leaves the condenser 401 through an 205 thereby
355. This valve is actuated by means of a tem.   outlet 423 which
communicates with the phase I vinyl chlo-              perature sensor 357
situated in the uncon-  separator 134. densed gas leaving the heat exchange
tubes 345.    It may frequently be preferred to arrange idenses. The 115
50 The valve 355 may be programmed such that it  the connections to the
shell and tube heat ex-  115 is open only when the temperature is above a
changer shown in Figure 4 such that the gas through an
chosen value.                               mixture containing vinyl
chloride is passed The reservoir has an outlet 359 whichis con-  through
the tubes and the refrigerant nitrogen nected directly to the conduit 136.
outside the tubes. ated in con-  120       55    The outlet header 349 is
connected directly  Referring now to Figure 5 of the drawings,  120 ing the
region             to the pipeline 142.                        parts of the
illustrated plant identical to that re used to                    The
condenser 341 has an outlet 361 which  shown in Figure 1 of the drawings
are given the is connected directly to the pipeline 148.  same reference
numerals as in Figure 1 and are peline 213.                   Referring now
to Figure 4 of the drawings,   not described again. allow a flow  125
60 parts of the illustrated plant identical to that  A condenser 501, again
a shell and tube heat 125 heat ex-                   shown in Figure 1 are
given the same reference   exchanger, has an inlet 503 for process gas. The
tain the ter-              numerals as in Figure 1 and are not described
inlet 503 communicates with the space defined at a chosen
again. As in the plant illustrated in Figure 2 the   between the shell of
the condenser and several condenser 401 is a shell and tube heat exchanger.
spaced apart, vertically disposed heat exchange 130       65 The condenser
has an inlet 403 for process gas   tubes 505. Cold nitrogen gas enters the
con-    130     .   ,                                                  8
1582955                                      8 denser 501 through an inlet
header 507 which  Igas which may for example include or consist receives
the lower ends of the heat exchange     of vinyl chloride mixed if desired
with nitro tubes 505. The nitrogen is supplied to the inlet  gen enters the
plant through pipeline 600. header 507 through a pipe 511 connecting the
Liquid nitrogen from a vacuum insulated S condenser 501 to another shell
and the tube  evaporator 616 is passed through line 618  70 heat exchanger
509. Liquid nitrogen is passed   into conduit 620 which passes through a
into an inlet header 515 (in which the lower  heat exchanger 622 in which
the liquid nitro- ends of the heat exchange tubes 513 of the heat gen is
evaporated and warmed to approximately exchanger 509 are received) from
vacuum in-    ambient temperature. From the heat exchanger 10 sulated
evaporator 108 via conduit 517. The  622 the warm nitrogen passes through
an expan-75' 



liquid nitrogen ascends the tubes and is evapor-  sion valve 624 and a
manual control valve 626 ated by heat exchange with steam admitted to
whereby its pressure is reduced to that of the an inlet 519 in
communication with the space    process gas entering the pipeline 600. The
defined between the shell and the tubes 513 of  expanded nitrogen is
metered through a flow 15 the heat exchanger 509. The inlet 519 is con-
indicator 628 which is controlled by the valve  80 nected to the outlet of
a conduit 527 whose in-  626 upstream thereof and which is adapted to let
communicates with the conduit 184 upstream 'introduce nitrogen into the
pipeline 600 at a of the valve 186. Thus steam is able to be  predetermined
rate. passed into the heat exchanger.              The mixture of nitrogen
and vinyl chloride 20   The temperature of the nitrogen entering  - -
passes from the pipeline 600 into an inlet 602  85 the condenser 501 is
controlled by means of a   of a shell-and-tube heat exchanger 604. The
temperature sensor 525 located in the pipe 511. shell and tube heat
exchanger has a shell or The temperature sensor 525 generates signals
container 606 in which is disposed several which actuate the control
circuits of an electri-  spaced-apart vertically disposed heat exchange 25
cally or pneumatically operated flow control    tubes 608. The inlet 602
communicates with   90 valve 529 in the conduit 527 so as to operate    the
space defined between the shell 606 and the the valve 529 such that the
sensed temperature  tubes 608. The process gas passes downwardly is kept at
or close to a chosen value.      through this space as is pre-cooled by
heat The flow of nitrogen through the condenser  exchange with cold fluid
passing through the 30 501 may be controlled by means of a tempera-  tubes
608. The pre-cooled gas leaves the heat   95 ture sensor 531 located in the
condenser 501 at  exchanger 604 through an outlet 610 which a region where
there collects vinyl chloride con-  communicates with the inlet of a pipe
612 densed from the process gas, admitted through   whose outlet terminates
in a condenser 614. the inlet 503, by heat exchange with the    The
pre-cooled gas thus enters the condenser 35 nitrogen entering the condenser
501 through  614.                                      100  the inlet
header 507. The sensor 531 may be ar-    Liquid nitrogen from the
vacuum-insulated ranged to generate signals which actuate the  evaporator
616 is sprayed into the condenser control circuits of an electrically or
pneumati   614 through spray-headers 630. The liquid cally operated flow
control valve 533 located in nitrogen is passed from the evaporator 616
into 40 the conduit 517 so as to operate the valve such   the spray headers
630 via the line 618. The    105 that the sensed. temperature of the
condensed    liquid nitrogen sprayed into the condenser 614 vinyl chloride
is kept at or close to a chosen  condenses vinyl chloride from the process
gas value. Thus, if the sensed temperature falls be-   and is itself
evaporated. The resulting mixture low the chosen value the flow rate of
liquid  of condensed vinyl chloride and nitrogen gas 45 nitrogen is reduced
by operation of the valve    leaves the condenser 614 through an outlet
110 I                  533, and if the sensed temperature rises above
632 which communicates with the inlet of a the chosen value the valve 533
is operated to  phase separator 634 with a diameter section increase the
flow rate of liquid nitrogen into  636. In this separator the condensed
vinyl the heat exchanger 509.                  chloride is separated from
the gaseous nitrogen. 50   Nitrogen leaving the tubes 505 of the con-   The
gaseous nitrogen leaves the separator    115 denser 501 passes into an
outlet header 535  634 through an outlet line 638 which communi- which
communicates with the conduit 148.    cates with an inlet header 640 of the
heat Condensed vinyl chloride and uncondensed gas  exchanger 604. It is
this nitrogen which acts as leaves the condenser 501 through outlet 537
the cooling fluid to pre-cool the incoming 55 which communicates with the
phase separator   nitrogen. It enters the heat exchange tubes 608, 120 134.
-                     ascends the heat exchanger 604 through them It may
frequently be preferred to arrange  and passes out of them into an outlet
holder the connections to the shell-and-tube heat  642. exchanger shown in
Figure 5 such that the gas  In order to control the temperature at' 60
containing vinyl chloride passes through the  which the condensate is
collected in the       125 tubes and the refrigerant nitrogen passes out-
separator 634, a temperature sensor 644 is side the tubes.              .
located in the line 638. It generates signals Referring now to Figure 6 of
the drawings    which actuate the control circuits of a pneu- a plant in
which the refrigerant is contacted  matically or electrically operated flow
control 65 directly with the process gas is shown. Process   valve 646
located in the line 618 downstream    130     1 582 955 of the union of the
latter with the conduit  have a sufficiently large volume to be able to r
consist                   620.
collect condensate during the transfer period The valve 646 is programmed
such that if  without the operation of the condenser 614 the sensed
temperature falls below a chosen  being impaired. When the level of the
liquid in 70                value its setting adjusts automatically so as
to    the tank 652 has fallen to that of a lower level 70 reduce the rate
at which liquid nitrogen is sprayed detector 674 the valves 660 and 670 are
closed. igh a                      into the condenser 614, and if the
sensed   A chosen time afterwards the valve 664 is temperature rises above
a chosen value its  opened to permit the ullage space of the tank
proximately                  setting adjusts automatically so as to
increase  652 to be vented. A chosen time afterwards i exchanger
10 the rate at which liquid nitrogen is sprayed into  the valve 656 is
re-opened so as to enable  75 gh an expan                  the condenser.
By this means the temperature    introduction of the condensed vinyl
chloride the                   of the gas leaving the separator 634 may be
into the tank 652 to take place again. If desired, 



0.                          kept at or close to a chosen value,        the
tank 652 may be fitted with an automatic From the outlet header 642 of the
heat   alarm 676 such that if the level of condensed 15 exchanger 604 the
gas passes into a conduit  vinyl chloride therein remains at or above that
80 648 which extends through the heat exchanger   of the detector 672 for a
chosen time the adapted to                   622 and has disposed therein,
at a region down-  alarm 676 will sound. stream of the heat exchanger 622,
a non-return  The streams passing through the heat valve 650. After passing
through the non-return   exchanger 622 are warmed by a volume of hot y
chloride 85           20 valve the gas may be vented.                water
682 maintained therein. The water 682   85 n inlet 602
The liquid from the separator 634 is passed   is heated by steam, typically
at 80 psig, into a storage tank 652 via a conduit 654  admitted into the
heat exchanger 622 through she or                    having an electrically
or pneumatically operated  a pipeline 684. The pipeline 684 has disposed
several                     valve 656 disposed therein. The tank 652 also
therein a mechanically operated flow control 25 has a valved inlet pipe 658
for gaseous nitrogen valve 686. The setting of the valve 686 may be 90 Pipe
658 communicates with the downstream   adjusted automatically by means of
signals end of the expansion valve 624 and thus     generated by a
temperature sensor 688 receives evaporated nitrogen from the evaporator
located in the volume of water at a chosen 616 via the heat exchanger 622.
Alternatively,   temperature, say [err]. The pipeline 684 ends 30 a line
(not shown) may be taken directly from    in a silencer 690 through which
the steam is   95 10 which                    the ullage space of the heat
exchanger 608  introduced into the volume of water 682. To via a pressure
control valve (not shown) to pro-   ensure that the water is kept at an
approxi- vide cold gas for this purpose. In the pipe 658    mately uniform
temperature at all levels in the .               is situated a
pneumatically or electrically opera-  heat exchanger 622 a pump 692 may be
pro- 35 ted valve 660. The tank 652 also has an outlet   vided so as to
transfer water from the bottom   100 line 662 which extends through the
heat     of the heat exchanger 622 to a region near the exchanger 622 and
from which gas from the   top thereof. In addition, the heat exchanger he
liquid                   ullage space of the tank 652 may be vented.  622
is provided with an outlet 694 through The outlet line 662 has near its
inlet a pneu-  which excess water is discharged. 40 matically or
electrically operated valve 664. In       Depending on the constituents of
the in-    105 addition, downstream of the heat exchanger  coming process
gas it may be possible to use 622 is a non-return valve 666 disposed in the
treated process gas vented from lines 648 and process gas The tank 652 also
has an outlet line    662 as, for example, an inerting gas in chemical Ling
mixture                668 through which condensed vinyl chloride  process
operated on the same site as that where an outlet    110        45 can be
transferred from the tank 652. The line  the plant illustrated in Figure 6
is situated.    110 668 has near its inlet a pneumatically or electri-
This will be frequently possible if the incoming cally operated valve 670
disposed therein.  gas consist of nitrogen and condensible vapour  In
normal operation of the tank 652 the  such as vinyl chloride with only
minor pro- valves 656 and 644 will remain open to permit   portions of
unwanted impurities. The vented 50 condensed vinyl chloride to flow into
the tank   gas may be used for duties such as 'inerting'   115 622 from the
phase separator 634. The valves    storage tanks or chemical reactors,
especially ch commune                  670 and 660 will generally be
closed. When the  if the tanks or reactors receive in their level of vinyl
chloride in the tank 622 reaches    normal operation vinyl chloride or
other  that of an upper level detector 672 located              condensible
compound or some other substance. 55 therein the valves may be actuated in
the fol-    compatible with or insensitive to any vapour   120 lowing time
controlled sequence. First the  contained in the gas vented from the lines
648 hrough them                 valves 656 and 664 are closed to prevent
further  and 662. entry of condensed vinyl chloride into the tank  If the
vinyl chloride is likely to condense in 652 or venting of vapour therefrom.
Second,    the heat exchanger 604 during operation of the 125       60 the
valve 670 is opened so as to permit nitrogen  plant shown in Figure 6, the
plant may be pro- 125 to pass into the ullage space of the tank 652 and
vided with an additional phase separator (not. to create in the ullage
space a pressure sufficient  shown). This additional phase separator will
be s signals                   to transfer liquid from the tank 652. During
located in communication with the pipe 612 65the transfer period, vinyl
chloride may still be    and will supply liquid to the separator 634 and 65
condensed. The separator 634 should desirably   allow the uncondensed gas
to pass into the  130 downstream    130      10
1 582 955                                   10  condenser 614.
10. A process as claimed in claim 1, in In the plant shown in Figure 6, it
may alter-   which the heat exchange is effected in a con- natively be
arranged for the incoming gas     denser including a container holding a
volume of containing vinyl chloride to be passed through    liquid
refrigerant, the liquid refrigerant being 5 the tubes of the tube and shell
heat exchanger    evaporated by being heated, and the so-formed  70 and for
the uncondensed gas from the separator  refrigerant vapour being contacted
in the con- 634 to be passed outside the tubes.          tainer with the
outer surface of one or more 



WHAT WE CLAIM IS:                            heat exchange pipes, tubes or
coils through 1. A process for condensing the vapour of a   which the
gaseous mixture is passed 10 volatile liquid, in which a gaseous mixture
corn-  11.A process as claimed in claim 10, in  75 prising the vapour of
the volatile liquid and a  which the liquid refrigerant is evaporated by
non-flammable gas is heat exchanged directly or  passing warm fluid through
a tube or coil indirectly with a liquid refrigerant (as herein-    immersed
in the liquid refrigerant. before defined) or vapour evolved therefrom,
12. A process as claimed in claim 1 1, in 15 or both, the heat exchange
being performed    which the temperature of the condensate is    80 such
that condensate of the vapour of the    controlled by the rate at which the
warm fluid volatile liquid is produced at a directly or  is passed through
the tube or coil immersed in indirectly controlled temperature which is
the liquid refrigerant. below the boiling point of the volatile liquid
13. A process as claimed in claim 12, in 20 at atmospheric pressure and at
or above the   which the temperature of the condensate, or   85 boiling
point of the refrigerant at atmospheric  uncondensed gas, is sensed and the
sensed pressure and which is also between the boiling    temperature used
to control the setting of a and freezing points of the volatile liquid at
the   flow-control valve governing the passage of the prevailing pressure
at which the condensate  warm fluid through the coil or tube immersed 25 is
formed, the non-flammable gas remaining    in the liquid refrigerant so as
to keep the sensed 90 uncondensed; the condensate is collected; the
temperature at or close to a chosen value. uncondensed gas is warmed to a
temperature      14. A process as claimed in claim 10, in at or near to
ambient temperature, and then  which the liquid refrigerant is evaporated
by an vented.                                      electric heater.  30
2. A process as claimed in claim 1, in which    15. A process as claimed in
claim 14, in  95     the vapour of the volatile liquid is condensed  which
the temperature of the condensate, or in a condenser including a container
through  uncondensed gas, is sensed and the electric which at least one
conduit conducts the gaseous  heater actuated only for periods when the
mixture, the or each conduit being at least  sensed temperature is above a
chosen tempera- 35 partially immersed in a volume of liquid refrig-  ture
so as to keep the sensed temperature at    100 erant held in the container,
whereby the     or close to a chosen value. temperature of the gaseous
mixture is reduced   16. A process as claimed in claim 1,in the temperature
a t which the refrigerant  which the liquid refrigerant is evaporated  out-
liquid boils, which temperature is chosen by  side a condenser in which the
evaporated liquid 40 subjecting the liquid refrigerant to a selected
refrigerant is indirectly heat exchanged with the 105    pressure.
gaseous medium. 3. A process as claimed in claim 2, in which  17. A process
as claimed in claim 16, in the selected pressure is that used to transfer
the  which a portion of the evaporated liquid. liquid refrigerant into the
container.       refrigerant after it has passed out of the 45    4. A
process as claimed in claim 3, in which   condenser is returned thereto.
110 the transfer pressure is that in the ullage space  18. A process as
claimed in claim 17, in of a vessel in which the liquid refrigerant is
which liquid refrigerant is introduced into the stored.
vapour being returned to the condenser, the 5. A process as claimed in
claim 3, in which  liquid refrigerant so introduced vaporising 50 a pump is
used to create the desired transfer  before it enters the condenser.
115 pressure.                                       19. A process as
claimed in claim 17 or 6. A process as claimed in claim 1, in which   claim
18, in which a blower returns the portion the indirect heat exchange is
effected by    of the evaporated liquid refrigerant to the passing the
gaseous mixture through at least one  condenser. 55 heat exchange tube,
pipe or coil and spraying     20. A process as claimed in claim 19, in  120
the outside of the or each tube, pipe or coil  which the blower is situated
upstream of where with liquid refrigerant.                     the liquid
refrigerant joins the vapour being 7. A process as claimed in claim 6, in
which   returned to the condenser. 'the temperature of the liquid
condensate or     21. A process as claimed in any one of claims 60 the
uncondensed gas is sensed.                                18 to 20 in which
the temperature of the evapo- 125 8. A process as claimed in claim 7, in
which  rated liquid refrigerant entering the condenser the liquid
refrigerant is sprayed only when the   is sensed. sensed temperature is
above a chosen value.     22. A process as claimed in any one of 9. A
process as claimed in claim 8, in which   claim 18 to 21, in which the
temperature of 65 control of the spraying is effected automatically. the
evaporated liquid refrigerant entering the   130     10
1 582 955                                  10 condenser 614.
10. A process as claimed in claim 1, in In the plant shown in Figure 6, it
may alter-   which the heat exchange is effected in a con- natively be
arranged for the incoming gas   denser including a container holding a
volume of containing vinyl chloride to be passed through   liquid
refrigerant, the liquid refrigerant being 5 the tubes of the tube and shell
heat exchanger   evaporated by being heated, and the so-formed 70 and for
the uncondensed gas from the separator  refrigerant vapour being contacted
in the con- 634 to be passed outside the tubes.         tainer with the
outer surface of one or more WHAT WE CLAIM IS:
heat exchange pipes, tubes or coils through 1. A process for condensing the
vapour of a   which the gaseous mixture is passed. 



10 volatile liquid, in which a gaseous mixture corn-  11. A process as
claimed in claim 10, in    75 prising the vapour of the volatile liquid and
a  which the liquid refrigerant is evaporated by non-flammable gas is heat
exchanged directly or  passing warm fluid through a tube or coil indirectly
with a liquid refrigerant (as herein-    immersed in the liquid
refrigerant. before defined) or vapour evolved therefrom,   12. A process
as claimed in claim 11, in 15 or both, the heat exchange being performed
which the temperature of the condensate is    80 such that condensate of
the vapour of the   controlled by the rate at which the warm fluid volatile
liquid is produced at a directly or  is passed through the tube or coil
immersed in indirectly controlled temperature which is  the liquid
refrigerant. below the boiling point of the volatile liquid  13. A process
as claimed in claim 12, in 20 at atmospheric pressure and at or above the
which the temperature of the condensate, or   85 boiling point of the
refrigerant at atmospheric   uncondensed gas, is sensed and the sensed
pressure and which is also between the boiling   temperature used to
control the setting of a and freezing points of the volatile liquid at the
flow-control valve governing the passage of the prevailing pressure at
which the condensate  warm fluid through the coil or tube immersed 25 is
formed, the non-flammable gas remaining  in the liquid refrigerant so as to
keep the sensed 90 uncondensed; the condensate is collected; the
temperature at or close to a chosen value. uncondensed gas is warmed to a
temperature     14. A process as claimed in claim 10, in at or near to
ambient temperature, and then  which the liquid refrigerant is evaporated
by an vented.                                     electric heater. 30    2.
A process as claimed in claim 1, in which    15. A process as claimed in
claim 14, in  95 the vapour of the volatile liquid is condensed    which
the temperature of the condensate, or in a condenser including a container
through  uncondensed gas, is sensed and the electric which at least one
conduit conducts the gaseous heater actuated only for periods when the
mixture, the or each conduit being at least  sensed temperature is above a
chosen tempera- 35 partially immersed in a volume of liquid refrig-  ture
so as to keep the sensed temperature at    100 erant held in the container,
whereby the    or close to a chosen value. temperature of the gaseous
mixture is reduced  16. A process as claimed in claim 1, in to the
temperature at which the refrigerant  which the liquid refrigerant is
evaporated out- liquid boils, which temperature is chosen by  side a
condenser in which the evaporated liquid 40 subjecting the liquid
refrigerant to a selected  refrigerant is indirectly heat exchanged with
the 105 pressure.                                   gaseous medium. 3. A
process as claimed in claim 2, in which  17. A process as claimed in claim
16, in the selected pressure is that used to transfer the  which a portion
of the evaporated liquid liquid refrigerant into the container.
refrigerant after it has passed out of the 45    4. A process as claimed in
claim 3, in which   condenser is returned thereto.       110 the transfer
pressure is that in the ullage space  18. A process as claimed in claim 17,
in of a vessel in which the liquid refrigerant is  which liquid refrigerant
is introduced into the stored.                                     vapour
being returned to the condenser, the 5. A process as claimed in claim 3, in
which  liquid refrigerant so introduced vaporising 50 a pump is used to
create the desired transfer  before it enters the condenser.         115
pressure.                                      19. A process as claimed in
claim 17 or 6. A process as claimed in claim 1, in which  claim 18, in
which a blower returns the portion the indirect heat exchange is effected
by   of the evaporated liquid refrigerant to the passing the gaseous
mixture through at least one  condenser. 55 heat exchange tube, pipe or
coil and spraying  20. A process as claimed in claim 19, in  120 the
outside of the or each tube, pipe or coil  which the blower is situated
upstream of where with liquid refrigerant.                    the liquid
refrigerant joins the vapour being 7. A process as claimed in claim 6, in
which  returned to the condenser. the temperature of the liquid condensate
or   21. A process as claimed in any one of claims 60 the uncondensed gas
is sensed.               18 to 20 in which the temperature of the evapo-
125 8. A process as claimed in claim 7, in which  rated liquid refrigerant
entering the condenser * the liquid refrigerant is sprayed only when the
is sensed. sensed temperature is above a chosen value.   22. A process as
claimed in any one of 9. A process as claimed in claim 8, in which  claims
18 to 21, in which the temperature of 65 control of the spraying is
effected automatically. the evaporated liquid refrigerant entering the
130     10                      11
1582955 I, in                        condenser is kept at or close to a
chosen   sate.                                       65 temperature by
appropriately controlling the   36. A process as claimed in claim 34 or
introduction of the liquid refrigerant into the    claim 35, in which the
temperature at which vapour being returned to the condenser.     the
condensate is collected is controlled by 5    23. A process as claimed in
claim 21 or 22,  sensing the temperature, or that of the uncon- in which
the sensor used to sense the tempera-   densed gas before it is heat
exchanged with  70 or more                      ture of the evaporated
liquid refrigerant gene-   incoming gaseous mixture, and then employing
rates signals which actuate a pneumatically,  signals generated by the
temperature sensor electrically or pneumatically-electrically con-    to
control the setting of a flow control valve 10, in    75             10
trolled valve, which controls the introduction    in a conduit through
which the liquid refrigerant rated by                      of the liquid
refrigerant into the vapour being   is supplied to the condenser so as to
keep the    75 



r coil                       returned to the condenser.
sensed temperature at or near to the chosen 24. A process as claimed in
claim 16, in  value. which the liquid refrigerant is evaporated by  37. A
process as claimed in any preceding nsate is    80            15 heat
exchange with a fluid which is kept sepa-   claim, in which the condensate
is collected in a rate from the refrigerant, and which is not heat
collection/transfer vessel which has a valved  80 exchanged with the
gaseous mixture to be    inlet for the condensate; a separate valved inlet
condensed.                                  for non-flammable gas; a valved
outlet for the 25. A process as claimed in claim 24, in  transfer of the
condensate from the vessel, 85           20 which the fluid is at a
temperature above    and a valved outlet for venting the non- sensed
ambient temperature.                        flammable gas from the
container, the valves    85 ting of a                       26. A process
as claimed in claim 25, in  being operable in sequence to stop flow of
which the fluid is steam.                    condensate into the vessel,
pass non-flammable immersed                        27. A process as claimed
in any one of   gas into the vessel, discharge condensate p the sensed 90
25 claims 24 to 26, in which the condensate is  therefrom and vent nitrogen
therefrom, the value.                       formed at or close to a chosen
temperature  -   sequence being capable of being initiated when  90 n 10,
in                     and at a controlled rate.                    the
level of condensate in the vessel reaches a 28. A process as claimed in
claim 27, in  chosen level. which the temperature of the evaporated
38. A process as claimed in any preceding 30 liquid refrigerant after heat
exchange with the    claim, in which the gaseous mixture contains ensate,
or                   heat exchange fluid is sensed, and the flow rate
impurities, which freeze at the temperature and  95 electric
of the refrigerant undergoing heat exchange  pressure at which the vapour
is condensed, ien the                      with the heat exchange liquid is
controlled so    which impurities are separated from the gaseous en
tempera-                  as to keep the sensed temperature at or close to
mixture before condensation. 100         35 a chosen value.
39. A process as claimed in claim 38, in 29. A process as claimed in claim
27 or  which the incoming gaseous mixture is passed    100 claim 28, in
which the temperature of the con-  through a reversing heat exchanger in
heat orated out-                  densate or of the uncondensed gas is
sensed,  exchange with at least one cold gaseous stream orated liquid
and the rate at which evaporated liquid     from a condenser in which the
vapour is 40 refrigerant is introduced into the condenser is   condensed.
controlled so as to keep the sensed temperature  40. A process as claimed
in any preceding    105 at or close to a chosen value.               claim,
in which the uncondensed gas is warmed, liquid                         30.
A process as claimed in any one of    in a bath containing hot water.
claims 24 to 29, in which the liquid refrigerant.    41. A process as
claimed in any preceding 45 is heat exchanged with the heat exchange fluid
claim, in which the non-flammable gas is nitro- im 17, in
in a shell-and-tube heat exchanger.         gen.
110 ced into the                    31. A process as claimed in any one of
42. A process as claimed in any preceding e                  claims 16 to
30 in which the condenser is a  claim, in which there is a single
refrigerant. shell-and-tube heat exchanger.                 43. A process
as claimed in claim 42, in 115         50   32. A process as claimed in
claim 1, in    which the refrigerant is nitrogen. which the gaseous mixture
is pre-cooled by heat    44. A process as claimed in any preceding    115
exchange with the said uncondensed gas.     claim in which the volatile
liquid is vinyl it to the                       33. A process as claimed in
claim 32, in  chloride monomer, ethylene dichloride, acryloni- which vapour
of the volatile liquid condensed   trile or vinyl acetate. 55 during the
pre-cooling is separated from the   45. A process for condensing the vapour
of uncondensed gas before the main condensation   a volatile liquid
substantially as herein described  120 is performed.
with reference to any of the accompanying 34. A process as claimed in claim
32 or  drawings. claim 33, in which liquid refrigerant is contacted    46.
Vapour of a volatile liquid, when con- 60 directly with the pre-cooled
uncondensed gas.   densed by a process as claimed in any preceding 35. A
process as claimed in claim 34, in  claim.
125 which the uncondensed gas and condensate                  M. WICKHAM,
are passed into a derister in which the un-           Chartered Patent
Agent, condensed gas is disengaged from the conden-          Agent for the
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