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(54) Method and system for purifying exhaust gas

(57) The invention relates to a method and system
for purifying exhaust gas, especially a solvent-contain-
ing exhaust gas from refrigerator recycling, wherein the
dried, pressurized exhaust gas is cryogenically con-
densed, the condensed components are separated
from the remaining exhaust gas, the cold and purified

pressurized exhaust gas is passed through an adsorber
to adsorbe the remaining condensed components, the
adsorber is purged with a warmed gas stream, namely
either a warmed inert gas stream or the purified exhaust
gas respectively at reduced pressure, and the desorbed
gas is recycled.
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Description

[0001] The invention relates to a method and system
for purifying exhaust gas, especially exhaust gas from
refrigerator recycling.
[0002] The treatment of gas mixtures by separating
the mixtures into their constituents is required in many
technical fields. Methods and systems for recovering
solvents from gas effluents from tape plants are known,
for example, from EP-B1-0 491 339, EP-B1-0 491 338,
EP-B1-0 417 592 and EP-B1-0 417 591.
[0003] Methods and systems for recovering a steriliz-
ing gas from a gas mixture are known from EP-A2-0 516
963, EP-A1-0 543 134 and EP-A1-0 595 004.
[0004] A very specific gas purification problem occurs
during the recycling of refrigerators which contain - in
addition to the essential refrigerant R12, Butane, which
is sucked off in a first step of the refrigerator recycling -
propellant gases in the polyurethane (PU) cold isolation
foam.
[0005] Some years ago fluorocarbons like FCKW R11
were used as an expanding agent for the production of
such cold isolation foams. Since 1995 only refrigerators
free of FCKW's are produced and usually contain Cy-
clopentane as a replacement for FCKW.
[0006] Medium-sized refrigerators contain approxi-
mately 4 kg PU foam with approximately 6 to 7 % pro-
pellant gas, which is present both in the pores and in the
solid matter matrix of the foam.
[0007] Refrigerator recycling has the aim to recover
valuable materials from the recycled refrigerators, es-
pecially ferrous and non-ferrous metals such as ion and
copper and plastics like PS and PVC.
[0008] During recycling the refrigerator has to be dis-
mantled and the isolation foam will be ground releasing
the propellant which has a high ozone depleting poten-
tial into the atmosphere.
[0009] To purify the exhaust gas from refrigerator re-
cycling, DE-A1-41 33 916 shows a method for separat-
ing fluorocarbons from a gas mixture in which the gas
mixture is compressed and cooled in at least two stages,
in the first cooling stage water containing a smaller
amount of fluorocarbons being separated, whereas in
the second cooling stage the fluorocarbons are com-
pletely liquefied.
[0010] In a further devolopment of this method
DE-A1-195 03 052 shows a method for condensing ad-
sorbable and desorbable gases from gas mixtures in
which a gas stream containing 0-40 % by weight of an
adsorbable and desorbable gas is cooled to a temper-
ature in the range from 0° C to -50° C and is guided into
a least one adsorption/desorption stage for adsorbing
said gases; said adsorption/desorption stage contains
a device through which a cooling medium is passed dur-
ing adsorption; a further gas stream containing 20 to 90
% by weight of adsorbable and desorbable gases is
passed through a cooling stage in which said gas is al-
most completely condensed; the gas stream remaining

after the condensation is supplied to the adsorption/de-
sorption stage; after reaching the desired loading of the
adsorption agent with said gas a heating medium is
passed through the device, and additionally warmed
gas is passed through said adsorbing agent; finally a
gas stream containing desorbed gas is supplied from
said adsorption/desorption stage to a cooling stage for
condensing the desorbed gas.
[0011] Furthermore the applicant has proposed a gas
purification system for refrigerator recycling in which the
compressed and dewatered exhaust gas is supplied to
a cryogenic (low temperature) condenser in which the
solvents, especially the fluorocarbons or cyclopentanes
F11/F12 are liquefied so that this liquid can be separated
from the gas stream.
[0012] One problem of this approach resides in the
icing of the cryogenic condenser leading to the possibil-
ity that during the de-icing of the heat exchanger a sub-
stantial part of the earlier condensed solvents is vapor-
ized again, contaminating the exhaust gas.
[0013] A further problem with the exhaust gas purifi-
cation systems for refrigerator recycling is the draft for
new Regulations of the Federal Environment Authority
(Umweltbundesamt) of the Federal Republic of Germa-
ny requiring:

A FCKW recovery performance of 283 g FCKW pro-
pellant gas/refrigerator, and reducing the emission
limit from 150 to < 20 mg propellant gas/Nm3 in the
exhaust gas.

Worldwide these new requirements constitute the
strictest climate protection policy which cannot be
fulfilled with conventional exhaust gas purification
systems.

[0014] It is the object of the present invention to pro-
vide a method and a system for purifying exhaust gas,
especially from refrigerator recycling, which overcome
the above mentioned deficiencies and especially can
fulfill the newest Regulations with respect to the emis-
sion limit of <20 mg propellant gas/Nm3 in the exhaust
gas.
[0015] This object is achieved for the method by the
features of claim 1 and for the system by the features of
claim 10.
[0016] Suitable embodiments are defined by the fea-
tures of the corresponding subclaims.
[0017] With the present method/system both the non-
combustible "safe" refrigerant fluorocarbons R11/R12
as well as the combustible and explosive refrigerant cy-
clopentane can be removed from the exhaust gas,
thereby avoiding the danger of sparking in shredders
and mills.
[0018] The gas released to the atmosphere from such
a system contains less then 10 mg/Nm3 of R11, R12,
cyclopentane, R141B thereby fulfilling the newest Ger-
man requirements. The icing of solvents in the cryogenic
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condenser can be excluded, and the consumption of liq-
uid nitrogen is minimized. Such systems can be operat-
ed with a consumption of less than 1 kg liquid nitrogen
per refrigerator.
[0019] The consumption of liquid nitrogen is depend-
ent upon the need for gaseous nitrogen for inertization,
i.e. to be used as protective gas to avoid sparking. Due
to the use of liquid nitrogen both as a cooling agent, a
desorption gas and as an inerting gas the consumption
level can be kept low.
[0020] The invention will be described with respect to
an exemplary embodiment referring to the enclosed
drawings, the single figure of which shows a flow
scheme for a system for purifying exhaust gas from re-
frigerator recycling.
[0021] The exhaust gas from a recycling plant for re-
frigerators (not shown) contains in addition to air (oxy-
gen/nitrogen) the expanding agent used for the produc-
tion of the polyurethane cold isolation foam, either
FCKW R11/R12 or since 1995 cyclopentane as well as
water.
[0022] Such an exhaust gas is fed to a precooler 1
cooling the exhaust gas to a temperature below its dew-
point so that a large portion of the moisture (water)
present in the exhaust gas condenses. In a following
separator 2 the condensed water is separated from the
exhaust gas stream and removed.
[0023] The dewatered exhaust gas stream is supplied
to an oil-injected screw compressor 3 compressing the
exhaust gas stream to a pressure of 2 to 25 bar neces-
sary for the following cryogenic condenser. The recy-
cling oil is used for both cooling and lubricating purpos-
es.
[0024] Downstream of the compressor 3 oil is sepa-
rated in a separator 4, and the removed oil is recycled
to the entrance of the compressor 3.
[0025] Subsequently the exhaust gas stream is
cooled in a second precooler 5, in which the exhaust
gas warmed by the compression is cooled again and
further moisture (water) is condensed, leading possibly
to the formation of ice hydrates in the precooler 5. The
condensed water is separated together with the ice hy-
drates/cyclopentane in a further separator 6 and contin-
uously removed.
[0026] The separator 6 is followed by a tandem or re-
dundant molecular sieve adsorber 7 containing two ze-
olithic molecular sieves connected in parallel. One mo-
lecular sieve is in the adsorption phase, whereas the
other is in the desorption phase as will be explained lat-
er.
[0027] The adsorption molecular sieve dries the ex-
haust gas stream completely as necessary for the fol-
lowing cryogenic condenser 9 to avoid water icing.
[0028] The dry exhaust gas from the molecular sieve
adsorber 6 is fed to a recuperator 8, a counter-current
heat exchanger which is cooled by the low temperature
nitrogen gas exiting the cryogenic condenser 9. The ex-
haust gas cooled in the recuperator 8 is fed to the low

temperature or cryogenic condenser 9 to which liquid
nitrogen LIN as cooling agent is supplied via a valve 10.
[0029] Due to the temperature of the liquid nitrogen
the exhaust gas is cooled in the cryogenic condenser 9
to a temperature in which the solvent present in the ex-
haust gas, namely the fluorocarbons and/or cyclopen-
tane, are condensed completely or almost completely
without freezing due to the process pressure aided by
the special design of this low temperature condenser as
described in EP-B1-417 592.
[0030] Such a low temperature condenser 9 compris-
es in the lower shellside part of a lying shell and tube
heat exchanger a liquid intermediate refrigerant. This
low temperature condenser 9 contains a first heat ex-
changer in which said evaporated intermediate refriger-
ant will be recondensed against liquid or evaporizing liq-
uid nitrogen. A second heat exchanger is cooled by said
intermediate refrigerant for withdrawing the enthalpy
necessary for the condensation of solvents.
[0031] The enthalpy exchange takes place by phase
transition of the intermediate refrigerant from the vapor-
ous to the liquid condition via the first heating exchanger
and from the liquid to the vaporous condition via the sec-
ond heat exchanger.
[0032] The liquid nitrogen is passed through pipes in
the upper part of this lying heat exchanger or of said
pressure vessel above said lower part, whereas the gas
loaded with solvents is passed in said second heat ex-
changer through said liquid intermediate refrigerant.
[0033] The intermediate refrigerant circulates in said
pressure vessel by means of the thermal buoyancy of
the vaporized intermediate refrigerant and by down-
dropping of the condensed intermediate refrigerant.
[0034] In a following separator 11 the condensed sol-
vent is separated from the exhaust gas stream and filled
into suitable containers utilizing the existing condensa-
tion pressure.
[0035] The liquid nitrogen supplied to the cryogenic
condenser 9 vaporizes and is fed as a gas stream to the
recuperator 8 for cooling purposes.
[0036] Additionally the cooled exhaust gas stream
from the cryogenic condenser 9, from which the solvent
has been separated, is fed to the recuperator 8 as well
to aid in cooling the exhaust gas stream from the mo-
lecular sieve adsorber 7.
[0037] The nitrogen gas stream from the recuperator
8 which is not contaminated by the solvent is released
via a valve 12 to the atmosphere or used for further treat-
ments, indicated by the term "inertization" in the figure,
namely the use of this clean inert gas as protective gas
in the refrigerator shredder to prohibit explosions as re-
sult of not preventable sparks.
[0038] The condensation temperature and the con-
densation pressure in the cryogenic condenser 9 are se-
lected in such a way that the required remaining load of
the exhaust gas is reached. In many cases, however,
the condensation temperature cannot be set to a suffi-
ciently low value, since there is the danger of freezing
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the solvent and thereby of icing of the heat exchanger
in the low temperature condenser 9. In such a case the
system cannot be operated continuously.
[0039] Therefore the condensation temperature in
these cases is set to a value above the melting point of
the solvent, so that the exhaust gas exiting the low tem-
perature condenser 9 still contains gaseous solvents
which cannot be removed in the separator 11.
[0040] To cover these cases the exhaust gas from the
recuperator 8 is fed to a second zeolithic molecular
sieve adsorber 13 consisting of two zeolithic molecular
sieves connected in parallel to ensure a continuous op-
eration.
[0041] In this second molecular sieve adsorber 13 the
remaining solvents are adsorbed, so that the gas exiting
from the molecular sieve adsorber 13 contains only trac-
es of solvents fulfilling the Federal Regulations. There-
fore this exhaust gas can be released to the atmosphere
or to further processing indicated likewise by the term
"inertization" in the figure, for example as a protective
gas.
[0042] The second molecular sieve adsorber 13 is de-
signed as a temperature-aided pressure swing adsorber
utilizing the pressure necessary for the condensation in
the cryogenic condenser 9 for adsorbing the solvent.
Furthermore the cold exhaust gas from the cryogenic
condenser 9 is passed into the adsorber 13, i.e., the ad-
sorption occurs simultaneously under high pressure and
low temperature, leading to optimum results.
[0043] The desorption of the zeolithic molecular sieve
in the adsorber 13 is caused by a pressure decrease
and by the introduction of a warmed inert gas stream.
The pressure decrease can be created by switching off
the desorbing molecular sieve from the high pressure
system so that the desorbing molecular sieve reaches
atmospheric pressure.
[0044] As inert gas stream the purified exhaust gas
from the recuperator 8 or preferably pure nitrogen can
be used. The warming of the desorption gas is per-
formed in one or several stages in dependence upon
the solvent components of the exhaust gas to be puri-
fied.
[0045] As pure nitrogen the vaporized nitrogen
stream having passed the condenser 9 and the recuper-
ator 8 can be employed.
[0046] The solvent-loaded desorption gas exiting
from the adsorber 13 is fed by the line 14 to the entry
side of the system shown in the figure, namely either to
the entrance of the precooler 1 or directly to the entrance
of the compressor 3, thereby circumventing the conden-
sation step for this dry gas in the precooler 1.
[0047] As evident from the figure the desorbate gas
from the molecular sieve of the first adsorber 7 which is
not in the adsorbing phase is likewise led back to the
entry of the system, either to the entrance of the pre-
cooler 1 or directly to the entrance of the compressor 3.
This is indicated by the broken line merging with the line
14.

[0048] The first adsorber 7 is likewise configured as
a temperature-aided pressure swing adsorber, which
adsorbs at the high pressure obtained by the compres-
sor 3 and desorbs at a lower pressure, for example at-
mosphere. Desorption is aided by two-stage warming of
the desorbing gas, preferably pure nitrogen branched
off from the nitrogen passing the condenser 9 and the
recuperator 8.
[0049] While the temperature of the exhaust gas in the
precooler 5 does not suffice for adsorbing the solvents,
in the adsorber 7 which is only used for dewatering pur-
poses, there is the risk of co-adsorption of these sol-
vents in the adsorber 7.
[0050] Therefore, during the desorbing phase the de-
sorbing sieve of the adsorber 7 is warmed to a first, lower
temperature, initiating the desorption of said co-ad-
sorbed solvents, and subsequently to a second, higher
temperature causing the desorption of water.
[0051] The fine-purification of the gas under high
pressure in the cryogenic condenser 9 allows a conden-
sation of essentially all solvent components including
R12, so that the following adsorber 12 is only loaded
with the necessary amount of solvent.

Claims

1. A method for purifying exhaust gas, especially a sol-
vent-containing exhaust gas from refrigerator recy-
cling, comprising

a) cryogenic condensation (9) of the dried,
pressurized exhaust gas and
b) separating (10) the condensed components
from the remaining exhaust gas,
c) passing the cold, pressurized purified ex-
haust gas through an adsorber (13) to adsorbe
the remaining condensed solvents,
d) purging the adsorber (13) with a warmed gas
stream, and
e) recycling the desorbed gas from said adsorb-
er (13).

2. A method according to claim 1, wherein the exhaust
gas is compressed to a pressure between 2 and 25
bar.

3. A method according to one of claims 1 or 2, wherein
the desorbed gas from the adsorber (13) is recycled
to the entry point of the exhaust gas.

4. A method according to one of claims 1 to 3, wherein
the adsorber (13) is purged with a warmed inert gas
stream or the warmed purified exhaust gas respec-
tively at reduced pressure.

5. A method according to one of claims 1 to 4, char-
acterized in, that the adsorber (13) is operated un-
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der cryogenic conditions of less than -40°C.

6. A method according to one of claims 1 to 5, char-
acterized in, that the purging of the adsorber (12)
is performed at atmospheric pressure.

7. A method according to one of claims 1 to 6, wherein
the cryogenic condensation (9) is performed at
about the same pressure as the adsorption pres-
sure in the adsorber (13).

8. A method according to one of claims 1 to 7, wherein
the exhaust gas is subjected to a multi-stage con-
densation prior to the cryogenic condensation.

9. A method according to claim 8, wherein produced
ice hydrates are continuously removed as particles.

10. A system for purifying exhaust gas, especially ex-
haust gas from refrigerator recycling, comprising

a) a compressor (3) for compressing the ex-
haust gas,
b) a separator (4) for separating water and/or
solvent from the compressed exhaust gas,
c) a cryogenic condenser (9) for condensing the
dried, compressed exhaust gas,
d) a separator (11) for removing the condensed
solvents from the remaining exhaust gas, and
e) a pressure swing adsorber (13) for adsorbing
the remaining condensed solvents.

11. A system according to claim 10, wherein a second
pressure swing adsorber (7) is disposed between
said compressor (3) and said cryogenic condenser
(9).

12. A system according to one of claims 10 and 11,
wherein at least one of the two adsorbers (7, 13)
comprises at least two zeolithic molecular sieves
connected in parallel.

13. A system according to one of claims 10 to 12,
wherein a recuperator (7) is disposed both between
the second adsorber (7) and the cryogenic con-
denser (9) and the cryogenic condenser (9) and the
first adsorber (13).

14. A system according to claim 13, wherein the cryo-
genic condenser (9) is cooled with a liquefied inert
gas, especially liquefied nitrogen, and wherein the
warmed nitrogen from the cryogenic condenser (9)
is used to cool the recuperator (7) and/or to desorb
the first adsorber (13) and/or the second adsorber
(7).
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