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(57) Abstract

The invention addresses the problem of re-
ducing the high temperature input heat required for
a distillation process or other thermally activated se-
paration process. The heat reduction is accomplis-
hed by means of using a reverse cycle absorption
heat pump to upgrade at least part of the heat rejec-
ted at the reflux condenser (2) to reboiler (3) tempe-
rature. The RAHP can be operated closed cycle, or
can be integrated directly into the distillation loop,
thus voiding heat exchange losses. It can receive all
of its low grade heat from a reflux condenser (2), or
. part from a separate source. In general, a multicom-
ponent mixture is fed to a fractionating apparatus
comprising a fractionating column (1), a reboiler (3)
and a reflux condenser (2) wherein overhead and
bottom products are withdrawn. A reverse absorp-
tion heat pump system is provided for the fractiona-

(5), a low pressure generator (10), a heat exchanger -~
(13), a solution pump (12), a condenser (14), a feed @in
pump (16), and a boiler (17).

ting apparatus comprising a high pressure absorber — 2, T., 3
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Reverse Absorontion Eeat Pump
Augmented Disgtillation Process

Technical Field :

The technical field of this invention comprises
separation processes such as fractional distillation
wherein heat is supplied to the process at a first
temperature and rejected at a second femperature lower
than the first, and wherein at least part of the reject
heat is recovered and recycled to the supply, thereby
reducing the amount of external heat which must be
supplied to the process.

Background Art

In the process of fractional distillaftion, a mixed
multicomponent stream of liquids having different
relative volatilities is subjected to muléiple counter=
current stages of gas liquid contact. The gas is gen-
erated by boiling at least part of the concentrated
low volatility compeonent at the bottom of the contactor
in a reboiler, and reflux ligquid is provided by conden-
sing part of the concentrated high volatility gas at

the top of the contactor (or fractionating column) in
a reflux condenser. Thus s substantial amount of hest

rust be input to the process at the boiling temperature
of the less volatile component, and the same amount

(less losses) rust be removed from the process at the
lower condensing temperature of the more volatile
component, This is a general characteristic of a

great number of thermally activated separation processes;
that heat must be supplied at a given temperature above
ambient, and subsequently removed at a somewhat lower
temperature which is still sbove ambient. For example,
acid gas removal procdsses, gas drying processes, and
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many other gas purification processes have this require-

ment.,

The large amount of relatively low tempersture hest
required in these processes is a problem in two regsrds;
both the furnishing and the removal of it. Clearly a
system which recycles a substantial fraction of the

- reject heaft to the input will provide a2 double~edged

advantage. There has long been an interest in recover-
ing and recycling at least part of this reject heat, zs
attested by patents in TU.S. class 203=20+and elsewhere,
Three recent jourmal articles swmmarize the current
approaches tTo recovering and recycling this energy. The
articles are: "lLow Energy Separstion Processes” by

J. E. Bojnowski and D, L. Eanks in the May 7, 1979 issue
cf Chemical Engineering Vol. 86 No. 10; "Energy Saving
Alternatives to Distillation™ by F. E. Rush in the July
1980 Chemical Eagineerinz Progress Vol 76 No. 7; and
"Energy Conservstiocn in Distillation® by R. M. Stephenscn
and T. F. Anderscn in the August 1980 Chemicsl Encineering

Zrogress Vol. 76 No. 8. The enmergy recovery and recycling

technigues described can be categorized as compressor
driven heat pumps, vapor recompression (i.e. "open
cycle®™ heat pump), multiple effect or split tower
arrangements, interstage heating and cooling, feed stream/
Product stream heat exchange, and combinations of the

gbove,

The problems with the current practice distillztion
energy recovery technigues are as follows. The inter-
stage and heat exchange technigues do not actually

_ reduce the amount of energy required, but merely reduce

the Ctemperature at which part of it is required. The
tiple effect technigque incorporates pressure gradi-
ents i1n order to achieve temperature gradients, and 7
Tequires substantial additional equipment - at least one
entire additional columm, plus equipment to establish

end mzintain the pressure gradient.

The compressor




1

WO 82/00958

10

15

20

25

30

35

PCT/US81/01255

-l

driven heat pump requires excessive mechanical or electri-
cal drive power unless the columm AT (and hence pressure
ratio) is quifte low, It is also expensive to procure and
maintain, and in the case of the lower cost centrifugal
machines, has a very limited turn down capability.

" Absorpfion heat pumps have been known ané used for

‘many years, as indicated by patents in U.S. class 62=476+.

They have predominantly been used as means for extracting
heat, i.e. refrigeration or air conditioning machines,
but in recent years are finding increasing application
as means for supplying heat as well., Functionally the
absorption heat pump is powered by an input supply of
heat at high temperature, which causes it to extract (or
absorb) heat at a low temperature and reject (or supply)
heat at an intermediate temperature.

In the reverse absorption heat pump (RAEP) the
above relationships. are reversed. Heat is input to the
RAEP at an intermediate temperature, and part of the
heat is extracted at low temperature, which causes' the
remainder of the heat to be rejected (or supplied to an
external load) at high temperature., The functional
characteristics of the RAHP have been described in the
paper "A New Absorption - Cycle Process for Upgrading
Waste Heat" by G. Cohen, J. Salvat, and A.Rojey which
appears in the 1979 Proceedings of the 14th Intersocietw
Enerey Conversion Encineerinz Conference published by
the American Chemical Society. U.S. Patents L167101,
4094355, and 4102388 describe various specific embodie
ments of RAHP apparatus.

Disclostire of Invention

A fractional distillation process is provided in
which at least part of the heat required at the reboiler
is provided by indirect heat exchange with an absorbent
solution which is absorbing a gaseous working fluid at
g2 first pressure; and in which the absorbent solution
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is regenerated for recycle to additional sbsorption by
lowering its pressure to a second pressure nec more than
70% of the first pressure, supplying heat to it to desorb
gaseous working fluid at the second pressure, and restoring .
its pressure tc approximately the first pressure; -
and in which the gasecus working fluid at first pressure
is provided by condensing the gaseous working fluid at
second pressure, increasing its pressure to approximately
the first pressure, and supplying heat to boil it; and
in which at least one of the heat supplies necessary
for boiling the working fluid and for regenerating
the absorbent solution is provided by indirect heat
exchange from the heat rejected at the reflux condenser.
This érocess provides the ability to recover and
recycle between LO% and 100% of the energy from the
reflux condenser to the reboilsr. The equipment required
is simple, reliazble, and economical = it consists
essentially of heat exchangers and pumps. The amount
of additional electrical energy regquired is negligible
in comparison to the amount of energy saved. The
process can efficiently recover and recycle even low
temperature heat, e.g. 70°C or less. It can also
easily ﬁandle recovery in situations where there is a
large temperature differential between reboiler and
reflux condenser. It can handle part load operation
even more efficiently than full load, and is easy %o
start up and shut down. It ig not susceptible to surge,
overload, imbalance, or other problems which affect
compressor driven heat pump energy recycle, With the
optional additional heat exchangers to be described, it
can recover and recycle at least 70% of the theoretical
amount of heat it is possible to recover. Wish provision
for 2 low temperature heat inmput such as solar or geo=
thermal, it can completely eliminste the need for any
higher temperature heat input.
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Brief Description of the Drawings

Figure 1 illustrates the thermodynamic state points
and relationships of a typical working fluid and absore
bent sclution while being used in the reverse absorption
heat pump process., Figure 2 is a simplified Ilowsheet
of a fractional distillation process which has been
augmented with RAEP to recover and recycle energy.

Best Mode for Carrving Out the Invention

The reverse absorption heat pump functions through
the interaction of two fluid loops. In one loop, an
absorbent solution is circulated between high and low
pressure contaimment vessels, In the low pressure vessel,
heat is applied to the absorbent to cause it to boil off
part of its more volatile component, i.e. the working
fluid, thereby strengthening the absorbent solution
and generating a low pressure gasecus working fluid,

In the high pressure vessel, the strong absorbent absorbs
high pressure gaseous working fluid, thereby weskening
the azbsorbent (i.e. decreaszing its affinity for gaseous
working fluid) and generating heat at high temperature.
This loop also incorporates a heat exchanger between
the strong and weak absorbent and a pump. The second
loop is supplied the low pressure gas from the low
pressure gas generator, condenses it, pumps it to high
pressure, and then boils it, thus producing the high
pressure gas required by the high pressure absorber.

In the condenser, heat is rejected from the process

at the lowest process temperature, and heat must be
supplied to the boiler.

Figure 1 shows the state points of the working
fluids in a reverse sbsorption heat pump durins one
complete cycle., The figure plots the change in Gibbs
free energy of the vaporization reaction vs temperzture.
Contours of constant pressure are indicated on the graph,
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AG = <«RT In p
- This graph, a variation of the Ellingham diagram, is very
useful for analyzing absorption cycles. The lines of
constant composition are all approximately linear (slope -
5 .is the change in entropy of the change in state frcm
liquid to gas: approximately 21 cal/degree per Trouton's
rule). The graph is drawn for the conmventional and well
Inown sbsorbent-working fluid combination of agueous
IiBr-HEO, although many other combinations are alsc
10 suitable. The graph reveals the ssturation Temperature
and pressure of the gas - liguid equilibrium as a
function of soluticn composition.
The four circled points on the diagram ccrﬂesnond
- %o the exit conditions from the four gas~liquid contact
15 vessels of the reverse absorption heat pump: G is the
low pressure gas generator, C is the condenser, B is
the boiler, and 4 is the high pressure gas absorber,
The diagram shows heat being input to the boiler and
low pressure gas generater at 73°C, being rejected
20 from the condenser at 36°C, and being genersted in
the high pressure absorber at 107°C, These conditions
would be appropriate for an RAE? which is incorporated
into an stmospheric pressure sthanol distillation
process which requires heat input to its repoiler
25 above 100°C and heat rejected from its reflux condenser
at less than 80°C assuming a 79C AT at each hest
exchanger, Note that the respective high aznd low presse
ures in the EéO-LlBr system at these cona_tzons are 1/3
and 1/16 atmospheres absolute. Note also that the strong
30 absorbent leaving the low pressure gas generator is 57 w/o
whereas the wesak absorbent leaving the high pressure
absorber is 53 weight percent (w/o) ILiBr.
On the flowsheet depicted in Figure 2 2 mlticompon-
ent feed mixture is injected into fracst icnating colurm
35 T« The column fractionstes the feed into a2 more volatile

.
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vapor phase overiead product and less volatile liguid
phase bottom procduct. AL least part of the overhead
vapor is directed to reflux condenser 2, which condenses
it to provide reflux and liquid overzead product, Part
of the bottom product is reboiled in heat recovery
reboiler U, and if necessary additional rebeiling is
conducted in reboiler 3 heated by an extermal heat
source, The heat provided to reboiler L is released
by the absorptiocn of gaseocus woridng fluid ( e.g. steam)
into absorbent solution ( e.g. agueous Li3r) in absorber
5, wiich is in indirect heat exchange contact witkh
reboiler L. After absorbing steam, the weak zbscrbent
solution is regenerated by being cooled down in heat
exchangers & and $, decreased in pressure by means for
pressure reduction suck as proportioning valves é and
7, and introduced imto low pressure generator 10. EHeat
is indirectly supplied to genmerator 10 viz means for
beat transfer 11, causing steam to boil out of the
absorbent solution. This steam will be substantially:
lower in pressure than the steam supplied to absorber
5,for example 70% less., This allows it to regenerate
at temperatures lower than the absorber temperaturs.
The strong soclution is then increased in pressure. by
solution pump 12, regeneratively heated in heat ex-
changers 8 and 9, and recycled to the absorber. The
low pressure steam from generator 10 is coolad in heat
exchanger 13, condensed in condenser 1l, and then
pumped by feed pump 16 up to the pressure necessary to
generate the steam pressure required in the sbsorber,
Cooling is provided to comdenmser 14 by any conventionzl
means such as for example providing ambient cooled
coocling water via means for heat exchange 15, The
pressurized feedwater is preheated in regenerzative heat
exchanger 13, then introduced into boiler 17 whers it
is indirectly heated and boiled by the heat of conden=
sation from reflux condenser 2. The steam thus gener=
ated is superheated in heat exchanger & and directed
to absorber 5 to complete the cycle. The heat exchangers
8 and 13 are optional for the EZO - Li3r systenm, aiﬁgggﬁgm
o\ e L
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* they increase heat recovery performance by aporox-

imately 10%. For any other choice of working fluid,
e.g. NHB’ organic or other inorganic condensable gases,
they are much mere important.

Overhead vapor in line 18 can be the source of heat
to generator 10, by.condensing it in heat exchanger 11,
This results in the statepoint diagram show; in Pigure
1, i.e. both the boiler B and the generator G are
supplied by the same heat source, and hence are at
approximately the same temperature. Under these con-
ditions, the RAEP will typically deliver 0.8 joules in
the absorber for every 1.8 joule supplied to the boiler
and generator, where the remaining 1 joule is rejected
at the condenser. Thus LU4% of the heat availazbze over-
head is recycled to the reboiler. TUnder these conditions
externally fired boiler 3 only supplies 40% of the heat
required Ifrom it in the absence of RASP heat Trecovery.

It is possible to further reduce the amount of heat
supplied to reboiler 3 in at least two ways. One is
to supply a separate externmal source of low temp=
erature heat to the absorber, and to supply 21l of
the overhead vapor condensation heat to the reflux

‘condenser/boiler(or the converse)., This reduces the

need for external heat at reboiler 3 to less than 10%.
A greater amount of heat is required at absorber L,
but the advantage is that its temperature is low,

e.g. 68°C vice 107°C in the cited ethanol distillation
example, Thus it can economically be provided by low
cost solar collectors or ponds, geothermel, or waste
heat sources. The second way 1ls to reduce the amount
of heat supplied for soluticn regeneration by incorp-
orating two pressure staged generators, Heat is only
supplied to the higher pressure generator, ané the
steam boiled out of it is condensed so as to give up
its condensation heat to the lower pressure generator,
boiling lower pressure steam out of it. Only the
lower pressure steam is condensed by heat rejection
to ambient. Since relatively less heszt is suxplied
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to soluticn regeneration, and rejected to ambient,
relatively more is recycled to the absorber amd re-
covered. Approximately 56% recovery is possible vice
the LL% from the :3ingle generator embodiment. Note
that the two pressure staged generator embodiment re-
quii*es two feed pumps, one taldng suction on the lower

' pressure condensate and the other on the higher pres-

sure ccndensate.
Two other advantageous embodiments withiz the
scope of the present invention are as follows. In
some instances, it will be possible to select as worke
ing fluid mafterizl of thes same composition as the over-
head vapor. Three examples would be steam, methanol,
and ethanol (or mixtures containing predomizantly ome
of them)., In those instances it is possible to elim-
inate the combination reflux condenser 2/boiler 17.
An appropriate- amount of overhead. vapor is routed
directly to the absorber to become gasecus woriding
fluid, and similarly =n sppropriate amount of condensed
working fluid is withdrawn as liquid overhead product
and reflux. This embodiment requires that the absorbent
have low volatility in order to minimize loss of absorbent
Although Figure 2 reflects a very simple fractional
distillation apparatus for ease of explamation, the
RAEP recovery process applies equally to more complex
arrzngements. There =may be mulfiple columms, multiple
reboilers,; and/or multiple reflux condensers, 4 single
RAEP asn serve multiple heat sources and sinks with a
gingle circulating absorbent solution by providing a
separate absorber plus boiler or generstor plus conden-
ser plus pump for each tarperature level., Other heat
recovery technigques may be present, e.g. multiple effect.
distillationr or compressor driven heat pumps,. and RAZEE
can. advantageously be incorporated to provide even
further recovery., The- reboiler and/or reflux condenser
can be built into the coliuxm, even including inmterboilers
and intercondensers, '
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Any separation process regquiring heat input at 2
temperature and heat rejection at a lower temperature
still above ambient will benefif by incorporating an
RAHY to recover and recycle rejected heat back to
supply heat. Typical thermally activated separation
processes involving gas purification, including the
locations where heat is supplied and rejected, are
described in s¥andard chemical engineering references
such as "Gas Purificaticn® third edition by A. RKohl
and ¥, Riesenfeld, Gulf Publishing Co.,. Houston Texas,
1979. '

In the preferred embodiment in which steam is the
preferred working fluid, it is possible to provide
other electrolytes or mixtures of electrolytes in
addition to or in place of Li2r .as the absorbent
solution. In particular the alkali nitrates and
nitrites, LicCl,. GaClZ, and alkalil hydroxides zll have
favorable characteristics. It is alsc known to pro=-
vide organic additives to improve the phase change
performance of the electrolyte, including slecohols,
glycols, amines, etec., One advantage of the steam
electrolyte combination is that no rectification in
a countercurrent contactor is necessary, which is
advantageocus because rectification imposes an
unavoidable temperature differential,

The solution concentration change of the zbsorbent
through its working cycle should fall in the range of
2 to 15 weight percent., I is controlled by the pump-
ing rate of the solutiocn pump.

SUREAT;
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Claims

1. & fractional distillation process comprising feeding
2 multicomponent mixture to & fractionating apparatus
comprising at least one fractionating columm, reboiler,
and reflux condenser; supplying heat at a Jirst
temperature to said reboiler; rejecting heast at a
second temperature lower than said first temperature
from said reflux condenser; and withdrawing at least
bottom and overhead products from said apparatus;
wherein the improvement comprises:

(a) absorbing a gaseous working fluid at a first
pressure into an absorbent solution which is in
indiréct heat exchange contact with said reboiler,
thereby transferring at least part of said heat
at a first temperature from said absorbent
solution to said reboiler;

(b) regenerating said absorbent solution for recycle
to step (a) by:

i) lowering the pressure to a second pressure
no more than 70% of said first pressure;
ii)supﬁlying'heat to said absorbent solution
‘ thereby causing gaseous working fluid at said
second pressure to desorb from said absorbent
solution;
iii) increasing the pressure of said absorbent
 solution to approximately said first pressure;

(¢) providing said gasecus working fluid at the first
pressure for recycle to step (a) by:

i) condensing sa2id gasesous working fluid at the
second pressure;

ii) increasing the Pressure of the condensed
working fluid to approximately the first

~ pressure;

iii) supplying ‘heat to boil the working fluid
at approximately the first pressure;
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(&) providing said rejected heat at a second

temperature via indirect heat exchange as the
source of at least one of the heat supplies
required in. steps (b) ii) and (¢) £iT).
The process according to claim 1 comprising sup-
plying vaporous overhead product so as to provide
heat of condensation to both the absorbent solution
desorption step and the condensate boiling step.
The process according to claim 1 comprising sup=-
plying vaporous overhead product so as to provide
heat of condensation only to the condensate boile
ing step, and supplying a low temperature source
of heat such as solar to the absorbent solution
desorption step.
The process according to claim 1 comprising sup-
Plying vaporous overhead product so as to provide
heat of condensation only to the absorbent solution
descrption step. _ ) :
The process according to claim 1 wherein the work-

- ing fIuid is Eéo and the absorbent solution is an

electrolyte, and comprising maintaining the change
in solution concentration from weak to strong
between 2 and 15 weight percent.

The process according to claim 1 wherein regenera-
tive heat exchange is provided between gzseous

working fluid at the second pressure and condensed

working fluid, and between gaseous working fluid
at the first pressure and part of the weak absor=
bent solution. '
In a2 thermally activated separation process which
requires that heat be-supplied at a first temperaz-
ture and rejected at a second temperature lower

-than the. first but sbove ambient temperature,. the
" improvement which comprises: :

(a) providing a reverse absorption heat pump com-
Prising a high pressure absorber, low pressure-

Y
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generator, solution heat exchanger, solution
pump, condenser, feed pump, end boiler;

(b) supplying at least part of said rejected heat
fo at least one of said generator and voiler;

(c) supplying at least part of said first tempera-
ture heat by'indirectiheat exchange from said
absorber .to said separation process.

8. The process according to claim 7 wherein the process
is selected from the list consisting of acid gas
gcrubbing, gas dehydration, distillation, and
molecular sieve separationm..

. 9. The process according to claim 7 wherein the reverse
absorption heat pump additionally comprises a second
generator, second condenser in indirect heat ex-
change contact with said second generator, and a
second feed 'pump; and comprising the additional
steps of supplying gaseous working fluid 5e€erated
im said generator to said second condenser, Sup=-

‘plyzng'gaseous working fluid generated in said second

‘generator to said condenser: pumping condensed worke

ing fluid out of said condenser with said feed pump;

and pumping condensed working fluid out of said
second condenser with said second feed pump.

10. A fractional distillation process comprising:

(a) feeding a multicomponent mizxture to a2 fractione
ating columm;

(b) absorbing at least part of the overhead vapor
from said columm in an absorbent solution there-

+ by releasing heat;

(¢) indirectly transferring said heat to at least
part of the bottom product from said colizm
thereby providing column reboil;

(d) regenerating said absorbent solution for addie
tlonal abscrption by decréasing the pressure, -
supplying heat to boil off the absorbed overhead
vapor, and restoring the pressure.
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