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(54) METHOD FOR RECYCLING MOTHER LIQUOR IN PTA REFINED UNIT

(57) The present invention relates to a method of re-
cycling mother liquid of a PTA refining unit. The present
invention recycles waste heat and PT acids of a PTA
mother liquid to effectively utilize heat in the PTA mother
liquid, solves influence of crystallization of the PT acids
on subsequent system, reduces pollution to the environ-

ment, and can produce huge economic benefits by using
high efficient multistage flash distillation technology, low
temperature cogeneration technology, heat pump heat-
ing and cooling technology, and low temperature crys-
tallization technology.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
recycling mother liquid of a PTA refining unit, and more
particularly, relates to a method of recycling mother liquid
waste heat and PT acids of a PTA refining unit in a PTA
industrial apparatus. The method is also adapted to re-
cycling of low temperature waste heat of waste water in
other industries.

BACKGROUND

[0002] In the PTA (Pure Terephthalic Acid) production
apparatus, a large amount of waste water containing PT
(P-methylbenzoic acid) acids, TA (Terephthalic Acid) sol-
ids, and non-condensable gases such as, H2, N2 and the
like is often produced in the PTA refining process, and a
temperature of the waste water may be as high as 140°C
to 150°C. Currently, the industry mainly processes using
a refining tail gas cleaning system. Firstly, high temper-
ature PTA mother liquid from the apparatus enters into
an atmospheric flash tower, where flash distillation oc-
curs, steam produced by flash distillation is discharged
from a tower top of the atmospheric flash tower to the
environment together with the non-condensable gases
such as, H2, N2 and the like, then the mother liquid pro-
duced by flash distillation is cooled down by the way of
air cooling, and the cooled PTA mother liquid enters into
subsequent film processing system for use.
[0003] The above processing method of PTA mother
liquid in the existing industrial apparatus mainly has the
following issues:

(1) Steam produced by flash distillation is discharged
to the environment, such that a large amount of heat
carried by the waste water is directly discharged into
air, causing huge waste of energy.
(2) Steam is directly discharged into air to form a
phenomenon of "white dragon" in the production re-
gion, and acidic substances containing PT acids and
the like in the steam cause serious pollution to the
environment.
(3) The PTA mother liquid enters into the film
processing system after cooling, and due to separa-
tion out of solid particles of the PT acid, it easily caus-
es blockage of the film processing system.

SUMMARY

[0004] In order to solve the issues of the existing PTA
mother liquid processing apparatus, an object of the
present invention is to provide a method of recycling
waste heat and PT acids of a PTA mother liquid. The
method achieves high efficient multistage utilization of
heat of the PTA mother liquid by using high efficient multi-
stage flash distillation technology, low temperature co-

generation technology, heat pump heating and cooling
technology, and low temperature crystallization technol-
ogy. Through this method, recycling of heat in the PTA
mother liquid can be achieved, and deficiencies of the
existing industrial apparatus are solved.
[0005] The object of the present invention is realized
in such way:
The present invention provides a method of recycling
mother liquid of a PTA refining unit, comprising steps of:

multistage flash distillation cooling step: the mother
liquid of the PTA refining unit entering into a high
efficient multistage flash tower (1) including at least
Nth stage flash zones, and performing (N-1)th stage
flash distillation in the high efficient multistage flash
tower (1);
a Nth stage flash zone in the high efficient multistage
flash tower (1) is a flash distillation cooling zone,
where no flash distillation is performed, and the flash
distillation cooling zone is between a (N-2)th stage
flash zone and a (N-1)th stage flash zone;
waste heat utilization step: flash distillation steam
produced for a first stage flash zone to a Mth stage
flash zone entering into a waste heat utilization unit;
and
PT acid crystallization and recycling step: the mother
liquid produced for the (N-1)th stage flash zone en-
tering into a low temperature crystallization unit to
crystallize and recycle the PT acid in the mother liq-
uid of the PTA refining unit;
wherein, N=4∼8, M=1∼4, N>M, and N and M are both
integers.

[0006] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, the waste heat utilization unit preferably com-
prises a first waste heat utilization unit and a second
waste heat utilization unit;
the first waste heat utilization unit is preferably a heating
unit and/or a cooling unit, where a first flash distillation
steam produced in the first flash zone enters;
the second waste heat utilization unit is preferably a pow-
er generation unit, where flash distillation steam pro-
duced in a second stage flash zone to the Mth flash zone
enters.
[0007] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention,
the following steps are preferably and particularly per-
formed in the heating unit:
the first stage flash distillation steam from a high efficient
multistage flash tower (1) having one part entering into
a generator (21), where lithium bromide dilute solution is
heated and evaporated, a steam condensate after heat
exchange entering into a three stage condensate buffer
tank (39), the steam produced by evaporation entering
into a condenser (22) and condensed under the action
of circulating cooling water, working medium condensate
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produced by the condenser entering into a heating evap-
orator (23), in which the working medium condensate is
heated and evaporated by another part of the first stage
flash distillation steam, and a cooling evaporator (25) re-
spectively through a working medium circulating pump,
a first stage flash distillation steam condensate after con-
densation entering into the three stage condensate buffer
tank (39), the heated and evaporated working medium
steam entering into a heating absorber (24), where lith-
ium bromide concentrated solution is in an unsaturated
state, thereby absorbing the working medium steam, dur-
ing which a large amount of heat is released, a conden-
sate from a fourth stage condensate delivery pump (35)
entering into the heating absorber (24) to be heated, and
the heated condensate entering into a second stage con-
densate buffer tank (34), where flash distillation occurs
to produce medium and low pressure steam, which en-
ters into subsequent system for use.
[0008] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention,
the following steps are preferably and particularly per-
formed in the cooling unit:

working medium condensate entering into the cool-
ing evaporator (25) to be evaporated under the ac-
tion of heating of low-temperature water, working
medium steam produced by evaporation entering in-
to a cooling absorber (26), where lithium bromide
concentrated solution is in an unsaturated state,
thereby absorbing the working medium steam, dur-
ing which a large amount of heat is released, and is
cooled by circulating cooling water, and the low-tem-
perature water after heat exchange in the cooling
evaporator (25) cooled down, thereby obtaining
freeze water with lower temperature;
the freeze water produced by the cooling evaporator
(25) having one part entering into an air heat ex-
changer (36) to cool air at an inlet of an air compres-
sor, the freeze water after heat exchange entering
into a freeze water buffer tank (37), and delivered to
the cooling evaporator (25) through a freeze water
delivery pump (38) for recycling, and another part
entering into the high efficient multistage flash tower
(1) to cool the flash distillation steam.

[0009] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention,
the following steps are preferably and particularly per-
formed in the power generation unit:

the second stage flash zone to the Mth flash zone
connected with heat exchangers, respectively, while
the respective heat exchangers are connected in se-
ries, such that the steam produced by the high effi-
cient multistage flash tower (1) can gasify solvent in
the heat exchangers;

flash distillation steam from the Mth flash zone per-
forming indirect heat exchange with a solvent from
a solvent delivery pump (8) in a first stage heat ex-
changer connected thereto, and a steam conden-
sate after heat exchange discharged into a first stage
condensate buffer tank (9);
the solvent after being heated in the previous step
entering into the next stage heat exchanger connect-
ed to the first stage heat exchanger in series, and a
steam condensate after heat exchange discharged
into the first stage condensate buffer tank (9);
repeating heat exchange steps of the above solvent
and the heat distillation steam in the flash zones;
solvent steam after gasification entering into a steam
turbine (5) to push the steam turbine to do work and
generate power, then the solvent steam after doing
work entering into a solvent condenser (6), and a
solvent condensate produced by condensation en-
tering into a solvent buffer tank (7) and delivered to
the first stage heat exchanger under the action of a
solvent delivery pump (8), thereby completing circu-
lation process of converting a part of waste heat in
the PTA mother liquid into electric energy; and
delivering the condensate in the first stage conden-
sate buffer tank (9) to subsequent system for use
under the action of a first stage condensate delivery
pump (10).

[0010] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention,
the following steps are preferably and particularly per-
formed in the low temperature crystallization unit:

the (N-2)th flash zone in the high efficient multistage
flash tower (1) connected to a Venturi ejector (12);
the Nth flash zone in the high efficient multistage
flash tower (1) being a flash distillation cooling zone
and connected to a second stage condensate deliv-
ery pump (13);
the mother liquid produced in the (N-1)th flash zone
entering into a crystallization tank (15), separating
out a large amount of crystallized PT acids in the
crystallization tank (15), the remaining liquid contain-
ing small amount of solid impurities after crystalliza-
tion sequentially entering into a plurality of series
connected filters under the action of pressure of a
first stage mother liquid delivery pump (16) while sol-
id particles are left and discharged from bottom of
the filters, the filtered mother liquid entering into a
mother liquid buffer tank (19), and entering into the
Venturi ejector (12) under the action of a second
stage mother liquid delivery pump (20) to condense
flash distillation steam from the (N-2)th flash zone,
and delivering a condensate after condensation to
subsequent film processing system under the action
of the second stage condensate delivery pump (13).
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[0011] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, N is 8, and M is 4.
[0012] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, the mother liquid of the PTA refining unit has a
temperature of preferably 140°C to 150°C.
[0013] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, a solvent of the solvent delivery pump (8) is pref-
erably a R245fa solvent.
[0014] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, the lithium bromide dilute solution has a mass
concentration of preferably 56% to 60%, and the lithium
bromide concentrated solution has a mass concentration
of preferably 60% to 64%.
[0015] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, the plurality of series connected filters are pref-
erably series connection of first stage filters (17) and sec-
ond stage filters (18), and filter cloths are arranged in the
plurality of series connected filters.
[0016] As regards to the method of recycling mother
liquid of a PTA refining unit according to the present in-
vention, N is 8, and M is 4. The specific steps can be
described as follows:

a. firstly, mother liquid of a PTA refining unit enters
into a high efficient multistage flash tower (1), where
multistage flash distillation occurs, first stage flash
distillation is performed in a first flash zone (I), and
produced flash distillation steam enters into a gen-
erator (21) and a heating evaporator (23);
a condensate after the first stage flash distillation
enters into a second flash zone (II) to perform second
stage flash distillation, and flash distillation steam
produced by flash distillation enters into a third stage
heat exchanger (2);
a condensate after the second stage flash distillation
enters into a third flash zone (III) to perform third
stage flash distillation, and flash distillation steam
produced by flash distillation enters into a second
stage heat exchanger (3);
a condensate after the third stage flash distillation
enters into a fourth flash zone (IV) to perform fourth
stage flash distillation, and flash distillation steam
produced by flash distillation enters into a first stage
heat exchanger (4);
a condensate after the fourth stage flash distillation
enters into a fifth flash zone (V) to perform fifth stage
flash distillation, flash distillation steam produced by
flash distillation enters into a steam condenser (11)
to be condensed under the action of circulating cool-
ing water, and a steam condensate after condensa-
tion enters into subsequent system for use;
a condensate after the fifth stage flash distillation
enters into a sixth flash zone (VI), and flash distilla-

tion steam produced by flash distillation enters into
a Venturi ejector (12);
a condensate after the sixth stage flash distillation
enters into a seventh flash zone (VII), flash distillation
steam produced by flash distillation is condensed
under the action of freeze water, and a flash distilla-
tion condensate after condensation enters into a
freeze water buffer tank (37) for use as supplement-
ing water for preparing the freeze water under the
action of a third condensate delivery pump (14);
b. the flash distillation steam from the fourth flash
zone (IV) performs indirect heat exchange with a sol-
vent from a solvent delivery pump (8) in the first stage
heat exchange (4), and a steam condensate after
heat exchange is discharged into a first condensate
buffer pump (9);
a solvent after being heated by the first stage heat
exchange (4) enters into the second heat exchange
(3), and a steam condensate after heat exchange is
discharged into the first condensate buffer pump (9);
a solvent after being heated by the second stage
heat exchange (3) enters into the third heat ex-
change (2) to be gasified, and a steam condensate
after heat exchange is discharged into the first con-
densate buffer pump (9);
the gasified solvent steam enters into a steam tur-
bine (5) to push the steam turbine to do work and
generate power, the solvent steam after doing work
enters into a solvent condenser (6), a solvent con-
densate produced by condensation enters into a sol-
vent buffer tank (7), and then is delivered to the first
stage heat exchanger (4) under the action of the sol-
vent delivery pump (8), thereby completing circula-
tion process of converting a part of waste heat in the
PTA mother liquid into electric energy;
a condensate in the first condensate buffer pump (9)
is delivered to subsequent system for use under the
action of a first stage condensate delivery pump (10);
c. the PTA mother liquid after flash distillation in the
seven flash zone (VII) enters into a crystallization
tank (15), a large amount of crystallized PT acids are
separated out in the crystallization tank (15), the re-
maining liquid containing small amount of solid im-
purities after crystallization sequentially enters into
a plurality of series connected filters under the action
of pressure of a first stage mother liquid delivery
pump (16) while solid particles are left and dis-
charged from bottom of the filters, the filtered mother
liquid enters into a mother liquid buffer tank (19), and
enters into the Venturi ejector (12) under the action
of a second stage mother liquid delivery pump (20)
to condense the flash distillation steam from the sixth
flash zone (VI), and a condensate after condensation
is delivered to subsequent film processing system
under the action of the second stage condensate
delivery pump (13);
d. the first stage flash distillation steam from the high
efficient multistage flash tower (1) having one part
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enters into a generator (21), where lithium bromide
dilute solution is heated and evaporated, a steam
condensate after heat exchange enters into a three
stage condensate buffer tank (39), the steam pro-
duced by evaporation enters into a condenser (22)
and condensed under the action of circulating cool-
ing water, a working medium condensate produced
by the condenser enters into a heating evaporator
(23), in which the working medium condensate is
heated and evaporated by another part of the first
stage flash distillation steam, and a cooling evapo-
rator (25) respectively through a working medium
circulating pump, a first stage flash distillation steam
condensate after condensation enters into the three
stage condensate buffer tank (39), the heated and
evaporated working medium condensate enters into
a heating absorber (24), where lithium bromide con-
centrated solution is in an unsaturated state, thereby
absorbing the working medium steam, during which
a large amount of heat is released, a condensate
from a fourth stage condensate delivery pump (35)
enters into the heating absorber (24) to be heated,
and the heated condensate enters into a second
stage condensate buffer tank (34), where flash dis-
tillation occurs to produce medium and low pressure
steam, which enters into subsequent system for use;
e. the working medium condensate enters into the
cooling evaporator (25) to be evaporated under the
action of heating of low-temperature water, working
medium steam produced by evaporation enters into
a cooling absorber (26), where lithium bromide con-
centrated solution is in an unsaturated state, thereby
absorbing the working medium steam, during which
a large amount of heat is released, and is cooled by
circulating cooling water, and the low-temperature
water after heat exchange in the cooling evaporator
(25) is cooled down, thereby obtaining freeze water
with lower temperature;
f. the freeze water produced by the cooling evapo-
rator (25) having one part enters into an air heat ex-
changer (36) to cool air at an inlet of an air compres-
sor, the freeze water after heat exchange enters into
a freeze water buffer tank (37), and is delivered to
the cooling evaporator (25) through a freeze water
delivery pump (38) for recycling, and another part
enters into the high efficient multistage flash tower
(1) to cool the seventh flash distillation steam.

[0017] The present invention may be further described
as follows:
A method of recycling mother liquid waste heat and PT
acids of a PTA refining unit, particularly comprising steps
of:

a. firstly, PTA mother liquid under a certain temper-
ature from upstream enters into a high efficient multi-
stage flash tower 1, where the PTA mother liquid
performs first stage flash distillation in a first flash

zone I, and flash distillation steam produced by flash
distillation enters into a generator 21 and a heating
evaporator 23; a condensate after the first stage
flash distillation enters into a second flash zone II of
the high efficient multistage flash tower 1, where the
PTA mother liquid performs second stage flash dis-
tillation, and flash distillation steam produced by
flash distillation enters into a third stage heat ex-
changer 2; a condensate after the second stage flash
distillation enters into a third flash zone III, where the
PTA mother liquid performs third stage flash distilla-
tion, and flash distillation steam produced by flash
distillation enters into a second stage heat exchang-
er 3; a condensate after the third stage flash distil-
lation enters into a fourth flash zone IV, where the
PTA mother liquid performs fourth stage flash distil-
lation, and flash distillation steam produced by flash
distillation enters into a first stage heat exchanger 4;
a condensate after the fourth stage flash distillation
enters into a fifth flash zone V, where the PTA mother
liquid performs fifth stage flash distillation, flash dis-
tillation steam produced by flash distillation enters
into a steam condenser 11 to be condensed under
the action of circulating cooling water, and a steam
condensate after condensation enters into subse-
quent system for use; a condensate after the fifth
stage flash distillation enters into a sixth flash zone
VI, where the PTA mother liquid performs sixth stage
flash distillation, and flash distillation steam pro-
duced by flash distillation enters into a Venturi ejector
12; a condensate after the sixth stage flash distilla-
tion enters into a seventh flash zone VII, where the
PTA mother liquid performs seventh stage flash dis-
tillation, flash distillation steam produced by flash dis-
tillation is condensed under the action of freeze wa-
ter, and a flash distillation condensate after conden-
sation enters into a freeze water buffer tank 37 for
use as supplementing water for preparing the freeze
water under the action of a third condensate delivery
pump 14;
b. the flash distillation steam from the fourth flash
zone IV performs indirect heat exchange with a sol-
vent (using a R245fa solvent) from a solvent delivery
pump 8 in the first stage heat exchange 4, where the
solvent is heated to a certain temperature, and a
steam condensate after heat exchange is dis-
charged into a first condensate buffer pump 9; a sol-
vent after being heated by the first stage heat ex-
change 4 enters into the second heat exchange 3,
where the solvent performs indirect heat exchange
with the flash distillation steam from the third flash
zone III, and the solvent is further heated, and a
steam condensate after heat exchange is dis-
charged into the first condensate buffer pump 9; a
solvent after being heated by the second stage heat
exchange 3 enters into the third heat exchange 2,
where the solvent performs indirect heat exchange
with the flash distillation steam from the second flash
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zone II, and the solvent is gasified, and a steam con-
densate after heat exchange is discharged into the
first condensate buffer pump 9; the gasified solvent
steam enters into a steam turbine 5 to push the steam
turbine to do work and generate electricity, the sol-
vent steam after doing work enters into a solvent
condenser 6 to be condensed under the action of
circulating cooling water, a solvent condensate pro-
duced by condensation enters into a solvent buffer
tank 7, and then is delivered to the first stage heat
exchanger 4 under the action of the solvent delivery
pump 8, thereby completing circulation process of
converting a part of waste heat in the PTA mother
liquid into electric energy; a condensate in the first
condensate buffer pump 9 is delivered to subsequent
system for use under the action of a first stage con-
densate delivery pump 10;
c. the PTA mother liquid after flash distillation in the
seven flash zone VII enters into a crystallization tank
15, since the PTA mother liquid is low in temperature,
a large amount of crystallized PT acids are separated
out in the crystallization tank 15, the remaining liquid
containing small amount of solid impurities after crys-
tallization sequentially enters into first stage filters
17 and second stage filters 18, where filter cloths are
arranged, under the action of pressure of a first stage
mother liquid delivery pump 16 while solid particles
are left and discharged from bottom of the filters, the
filtered mother liquid enters into a mother liquid buffer
tank 19, and enters into the Venturi ejector 12 under
the action of a second stage mother liquid delivery
pump 20, where the flash distillation steam from the
sixth flash zone VI is condensed, and a condensate
after condensation is delivered to subsequent film
processing system under the action of the second
stage condensate delivery pump 13;
d. the first stage flash distillation steam from the high
efficient multistage flash tower 1 having one part en-
ters into a generator 21, where lithium bromide dilute
solution with a certain concentration is heated and
evaporated, a steam condensate after heat ex-
change enters into a three stage condensate buffer
tank 39, the steam produced by evaporation enters
into a condenser 22 and condensed under the action
of circulating cooling water, a working medium con-
densate produced by the condenser enters into a
heating evaporator 23, in which the working medium
condensate is heated and evaporated by another
part of the first stage flash distillation steam, and a
cooling evaporator 25 respectively through a work-
ing medium circulating pump, a first stage flash dis-
tillation steam condensate after condensation enters
into the three stage condensate buffer tank 39, the
heated and evaporated working medium conden-
sate enters into a heating absorber 24, where lithium
bromide concentrated solution is in an unsaturated
state, thereby absorbing the working medium steam,
during which a large amount of heat is released, a

condensate from a fourth stage condensate delivery
pump 35 enters into the heating absorber 24 to be
heated, and the heated condensate enters into a
second stage condensate buffer tank 34, where flash
distillation occurs to produce medium and low pres-
sure steam under a certain temperature, which en-
ters into subsequent system for use;
e. the working medium condensate enters into the
cooling evaporator 25 to be evaporated under the
action of heating of low-temperature water, working
medium steam produced by evaporation enters into
a cooling absorber 26, where lithium bromide con-
centrated solution is in an unsaturated state, thereby
absorbing the working medium steam, during which
a large amount of heat is released, and is cooled by
circulating cooling water, and the low-temperature
water after heat exchange in the cooling evaporator
25 is cooled down, thereby obtaining freeze water
with lower temperature;
f. the freeze water produced by the cooling evapo-
rator 25 having one part enters into an air heat ex-
changer 36 to cool air at an inlet of an air compressor,
the freeze water after heat exchange enters into a
freeze water buffer tank 37, and is delivered to the
cooling evaporator 25 through a freeze water deliv-
ery pump 38 for recycling, and another part enters
into the high efficient multistage flash tower 1 to cool
the seventh flash distillation steam. A vacuum de-
gree of the present system is maintained by a first
stage vacuum pump 41, a second stage vacuum
pump 42 and a third stage vacuum pump 43.

[0018] Advantageous effects of the present invention
are as follows:

1. The present invention comprehensively utilizes
the original steam discharged to the environment by
stages, and a part of waste heat in the PTA mother
liquid is used for generating electricity, and preparing
high quality steam and freeze water, thereby achiev-
ing recycling of heat.
2. The present invention recycles PT acid crystalli-
zation in the PTA mother liquid, reduces influence
of the PT acid crystallization on subsequent system,
can supply crystallized process water to the subse-
quent film processing system, and solves the issue
of blockage of the film processing system using low
temperature crystallization technology.
3. The present invention recycles the original steam
discharged to the environment, and solves the issue
of environment pollution.
4. The mother liquid processing method provided by
the present invention is low in equipment investment,
also can directly generate electricity using byprod-
ucts, produce high quality steam for utilization, and
use produced freeze water for cooling air that enters
into the air compressor, which largely reduces elec-
tricity consumption of the air compressor, and reduc-

9 10 
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es operation costs of the PTA apparatus. Therefore,
the mother liquid processing method provided by the
present invention can produce huge economic ben-
efits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1 and 2 are flow diagrams of processes
according to the present invention.

DETAILED EMBODIMENTS OF THE DESCRIPTION

[0020] Examples of the present invention are explicitly
explained below: the Examples are carried out with de-
tailed embodiments and procedures on the premise of
the technical solution of the present invention, but the
extent of protection of the present invention is not limited
thereto. The below Examples do not indicate the exper-
imental method with specific conditions, and they often
follow the conventional conditions.
[0021] Referring to FIGS. 1 and 2, taking the example
that N is 8, and M is 4, the specific embodiment of the
present invention is further described as follows:

(1) firstly, mother liquid of a PTA refining unit having
a temperature of 140°C to 150°C enters into a first
stage flash zone I of a high efficient multistage flash
tower 1, where PTA mother liquid performs vacuum
flashing to produce a saturated steam at about
100°C, which enters into a subsequent generator 21
and a heating evaporator 23; the PTA mother liquid
at 100°C after flash distillation enters into a second
stage flash zone II, where vacuum flashing is per-
formed to produce a saturated steam at about 90°C,
which enters into a third heat exchanger 2; the PTA
mother liquid at 90°C after flash distillation enters
into a third stage flash zone III, where vacuum flash-
ing is performed to produce a saturated steam at
about 80°C, which enters into a second heat ex-
changer 3; the PTA mother liquid at 80°C after flash
distillation enters into a fourth stage flash zone IV,
where vacuum flashing is performed to produce a
saturated steam at about 70°C, which enters into a
first heat exchanger 4; the PTA mother liquid at 70°C
after flash distillation enters into a fifth stage flash
zone V, where vacuum flashing is performed to pro-
duce a saturated steam at about 60°C, which enters
into a steam condenser 11, and is cooled using cir-
culating cooling water, and a steam condensate after
condensation enters into subsequent system; the
PTA mother liquid at 60°C after flash distillation en-
ters into a sixth stage flash zone VI, where vacuum
flashing is performed to produce a saturated steam
at about 40°C, which enters into a Venturi ejector
12; the PTA mother liquid at 40°C after flash distil-
lation enters into a seventh stage flash zone VII,
where vacuum flashing is performed to produce a
saturated steam at about 25°C, where the produced

saturated steam performs direct contact heat ex-
change with freeze water from a cooling evaporator
25, the saturated steam is condensed, and a con-
densate after condensation enters into a freeze wa-
ter buffer tank 37 under the action of a third stage
condensate delivery pump.
(2) In the low temperature cogeneration system, a
circulating solvent is R245fa, the saturated steam at
70°C from the fourth stage flash zone IV enters into
the first stage heat exchanger 4 to perform indirect
heat exchange with a solvent from a solvent delivery
pump 8, the solvent is heated to 55°C to 60°C, and
a steam condensate after heat exchange enters into
a first stage condensate buffer tank 9; the solvent
after being heated by the first stage heat exchanger
4 enters into the second stage heat exchanger 3,
where it performs indirect heat exchange with the
saturated steam at about 80°C from the third flash
zone III, and the solvent is heated to 65 °C to 70°C,
and a steam condensate after heat exchange enters
into the first stage condensate buffer tank 9; the sol-
vent after being heated by the second stage heat
exchanger 3 enters into the third stage heat ex-
changer 2, where it performs indirect heat exchange
with the saturated steam at about 90 °C from the
second flash zone II, and the solvent is evaporated
to produce a solvent steam at 75 °C to 85 °C, and a
steam condensate after heat exchange enters into
the first stage condensate buffer tank 9. The solvent
steam at 75 °C to 85 °C enters into a steam turbine
5 to push the steam turbine to do work and generate
electricity, the solvent steam after doing work is
about 45 °C to 50°C, enters into a solvent condenser
6, and is condensed using circulating cooling water,
and a solvent condensate after condensation enters
into a solvent buffer tank 7, and enters into the first
stage heat exchanger 4 under the action of the sol-
vent circulating pump 8, thereby completing circula-
tion process of low temperature cogeneration. The
steam condensate in the first stage condensate buff-
er tank 9 is delivered to subsequent system under
the action of a first stage condensate delivery pump
10.
(3) The PTA mother liquid at 25 °C from the seventh
flash zone VII enters into a crystallization tank 15,
where a large amount of PT acids in the PTA mother
liquid are crystallized, the PTA mother liquid after
crystallization sequentially enters into first stage fil-
ters 17 and second stage filters 18 under the action
of a first stage mother liquid delivery pump 16 to re-
move solid impurities contained in the PTA mother
liquid, the filtered PTA mother liquid enters into a
mother liquid buffer tank 19, and enters into the Ven-
turi ejector 12 through a second stage mother liquid
delivery pump 20, where the PTA mother liquid at
25°C condenses the saturated steam at 40°C in the
sixth flash zone VI, and the produced condensate
enters into a flash distillation cooling zone VIII, and
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enters into subsequent film processing system under
the action of a second stage condensate delivery
pump (VIII is between VI and VII, where no flash
distillation occurs, and flash distillation occurs in oth-
er seven zones).
(4) The saturated steam at 100°C from the first stage
flash zone I having one part enters into the generator
21 for use as a heat source, and another part enters
into the heating evaporator 23 for use as the heat
source, lithium bromide solution is used as a circu-
lating solvent, and water steam as a working medium
in the heat pump heating and cooling technologies;
in the generator 21, the lithium bromide solution with
a concentration of 56% to 60% is heated by the sat-
urated steam at 100°C to be evaporated, and the
produced working medium steam at 80°C to 90 °C
enters into a condenser 22, where the working me-
dium steam performs indirect heat exchange with
circulating cooling water to obtain a steam conden-
sate, i.e., a working medium condensate, at about
40°C, one part of which enters into the heating evap-
orator 23 through a first stage working medium cir-
culating pump, and one part enters into the cooling
evaporator 25; in the heating evaporator 23, the
working medium condensate is evaporated under
the action of a heat source at 100°C to produce a
working medium steam at about 90°C, in order to
ensure evaporation smoothly, the working medium
condensate is circulated and evaporated compulso-
rily through a second stage working medium circu-
lating pump 31, the working medium steam produced
by the heating evaporator 23 enters into a heating
absorber 24, where lithium bromide solution has a
concentration of 60% to 64%, and the lithium bro-
mide solution is in an unsaturated state, such that
the working medium steam can be absorbed, during
which the working medium steam releases a large
amount of heat, condensate from a fourth stage con-
densate delivery pump 35 enters into the heating
absorber 24, and absorbs the released heat, a tem-
perature of the condensate rises to 135°C to 140°C,
and subsequently, the heated condensate enters in-
to a second stage condensate buffer tank 34, where
flash distillation occurs to produce a saturated steam
at about 130°C, which enters into subsequent sys-
tem for use; after the 56%∼60% lithium bromide so-
lution is evaporated in the generator 21, 60%∼64%
lithium bromide solution is produced, and enters into
a first stage solvent heat exchanger 27 under the
action of a first stage lithium bromide circulating
pump 29, and after the 60%∼64% lithium bromide
solution absorbs the working medium steam in the
heating absorber, the 56%∼60% lithium bromide so-
lution is produced, and enters into the first stage sol-
vent heat exchanger 27, where it performs indirect
heat exchange with the lithium bromide solution from
the generator, thereby completing the heating proc-
ess of the heat pump.

(5) The working medium condensate at 40 °C enter-
ing into the cooling evaporator 25 absorbs heat of
low-temperature water at about 15°C from a freeze
water delivery pump 38, the working medium con-
densate is evaporated to produce a working medium
steam at 5°C, in order to ensure evaporation of the
working medium condensate smoothly, the working
medium condensate is circulated and evaporated
compulsorily through a third stage working medium
circulating pump 32, the low-temperature water at
15°C after absorbing heat produces freeze water at
5°C to 10°C, and the produced working medium
steam at 5°C enters into a cooling absorber 26,
where the lithium bromide solution with a concentra-
tion of 60%∼64% absorbs the working medium
steam, during which heat is released, and is cooled
using circulating cooling water, and the 56%∼60%
lithium bromide solution after absorption performs
indirect heat exchange with the 60%∼64% lithium
bromide solution from the evaporator 21 in a second
stage solvent exchanger 28, thereby completing the
cooling process of the heat pump.
(6) The freeze water at 5°C to 10°C from the cooling
evaporator 25 having one part enters into an air ex-
changer 36, where air entering into an air compres-
sor is cooled from 25°C to about 15°C, the freeze
water after heat exchange enters into the freeze wa-
ter buffer tank 37, and is delivered to the cooling
evaporator 25 through the freeze water delivery
pump 38 for circulation, and another part enters into
the seventh flash zone to condense a saturated
steam at 25°C produced by flash distillation. The sat-
urated steam at 100°C going to the generator 21 and
the heating evaporator 23 enters into a three stage
condensate buffer tank 39 through the condenser,
and is delivered to subsequent system for use under
the action of a fifth stage condensate delivery pump
40.

Claims

1. A method of recycling mother liquid of a PTA refining
unit, comprising steps of:

multistage flash distillation cooling step: the
mother liquid of the PTA refining unit entering
into a high efficient multistage flash tower (1)
including at least Nth stage flash zones, and per-
forming (N-1)th stage flash distillation in the high
efficient multistage flash tower (1);
a Nth stage flash zone in the high efficient multi-
stage flash tower (1) is a flash distillation cooling
zone, where no flash distillation is performed,
and the flash distillation cooling zone is between
a (N-2)th stage flash zone and a (N-1)th stage
flash zone;
waste heat utilization step: flash distillation
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steam produced for a first stage flash zone to a
Mth stage flash zone entering into a waste heat
utilization unit; and
PT acid crystallization and recycling step: the
mother liquid produced for the (N-1)th stage
flash zone entering into a low temperature crys-
tallization unit to crystallize and recycle the PT
acid in the mother liquid of the PTA refining unit;
wherein, N=4∼8, M=1∼4, N>M, and N and M are
both integers.

2. The method of recycling mother liquid of a PTA re-
fining unit according to claim 1, wherein the waste
heat utilization unit comprises a first waste heat uti-
lization unit and a second waste heat utilization unit;

the first waste heat utilization unit is a heating
unit and/or a cooling unit, where a first flash dis-
tillation steam produced in the first flash zone
enters;
the second waste heat utilization unit is a power
generation unit, where flash distillation steam
produced in a second stage flash zone to the
Mth flash zone enters.

3. The method of recycling mother liquid of a PTA re-
fining unit according to claim 2, wherein:
the following steps are particularly performed in the
heating unit:
the first stage flash distillation steam from a high ef-
ficient multistage flash tower (1) having one part en-
tering into a generator (21), where lithium bromide
dilute solution is heated and evaporated, a steam
condensate after heat exchange entering into a three
stage condensate buffer tank (39), the steam pro-
duced by evaporation entering into a condenser (22)
and condensed under the action of circulating cool-
ing water, working medium condensate produced by
the condenser entering into a heating evaporator
(23), in which the working medium condensate is
heated and evaporated by another part of the first
stage flash distillation steam, and a cooling evapo-
rator (25) respectively through a working medium
circulating pump, a first stage flash distillation steam
condensate after condensation entering into the
three stage condensate buffer tank (39), the heated
and evaporated working medium steam entering into
a heating absorber (24), where lithium bromide con-
centrated solution is in an unsaturated state, thereby
absorbing the working medium steam, during which
a large amount of heat is released, a condensate
from a fourth stage condensate delivery pump (35)
entering into the heating absorber (24) to be heated,
and the heated condensate entering into a second
stage condensate buffer tank (34), where flash dis-
tillation occurs to produce medium and low pressure
steam, which enters into subsequent system for use.

4. The method of recycling mother liquid of a PTA re-
fining unit according to claim 2, wherein:
the following steps are particularly performed in the
cooling unit:

working medium condensate entering into the
cooling evaporator (25) to be evaporated under
the action of heating of low-temperature water,
working medium steam produced by evapora-
tion entering into a cooling absorber (26), where
lithium bromide concentrated solution is in an
unsaturated state, thereby absorbing the work-
ing medium steam, during which a large amount
of heat is released, and is cooled by circulating
cooling water, and the low-temperature water
after heat exchange in the cooling evaporator
(25) cooled down, thereby obtaining freeze wa-
ter with lower temperature;
the freeze water produced by the cooling evap-
orator (25) having one part entering into an air
heat exchanger (36) to cool air at an inlet of an
air compressor, the freeze water after heat ex-
change entering into a freeze water buffer tank
(37), and delivered to the cooling evaporator
(25) through a freeze water delivery pump (38)
for recycling, and another part entering into the
high efficient multistage flash tower (1) to cool
the flash distillation steam.

5. The method of recycling mother liquid of a PTA re-
fining unit according to claim 2, wherein:
the following steps are particularly performed in the
power generation unit:

the second stage flash zone to the Mth flash
zone connected with heat exchangers, respec-
tively, while the respective heat exchangers are
connected in series, such that the steam pro-
duced by the high efficient multistage flash tower
(1) can gasify solvent in the heat exchangers;
flash distillation steam from the Mth flash zone
performing indirect heat exchange with a solvent
from a solvent delivery pump (8) in a first stage
heat exchanger connected thereto, and a steam
condensate after heat exchange discharged into
a first stage condensate buffer tank (9);
the solvent after being heated in the previous
step entering into the next stage heat exchanger
connected to the first stage heat exchanger in
series, and a steam condensate after heat ex-
change discharged into the first stage conden-
sate buffer tank (9);
repeating heat exchange steps of the above sol-
vent and the heat distillation steam in the flash
zones;
solvent steam after gasification entering into a
steam turbine (5) to push the steam turbine to
do work and generate power, then the solvent
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steam after doing work entering into a solvent
condenser (6), and a solvent condensate pro-
duced by condensation entering into a solvent
buffer tank (7) and delivered to the first stage
heat exchanger under the action of a solvent
delivery pump (8), thereby completing circula-
tion process of converting a part of waste heat
in the PTA mother liquid into electric energy; and
delivering the condensate in the first stage con-
densate buffer tank (9) to subsequent system
for use under the action of a first stage conden-
sate delivery pump (10).

6. The method of recycling mother liquid of a PTA re-
fining unit according to any one of claims 1-5, where-
in:
the following steps are particularly performed in the
low temperature crystallization unit:

the (N-2)th flash zone in the high efficient multi-
stage flash tower (1) connected to a Venturi
ejector (12); the Nth flash zone in the high effi-
cient multistage flash tower (1) being a flash dis-
tillation cooling zone and connected to a second
stage condensate delivery pump (13);
the mother liquid produced in the (N-1)th flash
zone entering into a crystallization tank (15),
separating out a large amount of crystallized PT
acids in the crystallization tank (15), the remain-
ing liquid containing small amount of solid im-
purities after crystallization sequentially enter-
ing into a plurality of series connected filters un-
der the action of pressure of a first stage mother
liquid delivery pump (16) while solid particles are
left and discharged from bottom of the filters, the
filtered mother liquid entering into a mother liquid
buffer tank (19), and entering into the Venturi
ejector (12) under the action of a second stage
mother liquid delivery pump (20) to condense
flash distillation steam from the (N-2)th flash
zone, and delivering a condensate after conden-
sation to subsequent film processing system un-
der the action of the second stage condensate
delivery pump (13).

7. The method of recycling mother liquid of a PTA re-
fining unit according to any one of claims 1-5, where-
in N is 8, and M is 4.

8. The method of recycling mother liquid of a PTA re-
fining unit according to claim 6, wherein N is 8, and
M is 4.

9. The method of recycling mother liquid of a PTA re-
fining unit according to claim 7, wherein the mother
liquid of the PTA refining unit has a temperature of
140°C to 150°C.

10. The method of recycling mother liquid of a PTA re-
fining unit according to claim 5, wherein a solvent of
the solvent delivery pump (8) is a R245fa solvent.

11. The method of recycling mother liquid of a PTA re-
fining unit according to claim 3 or 4, wherein the lith-
ium bromide dilute solution has a mass concentra-
tion of 56% to 60%, and the lithium bromide concen-
trated solution has a mass concentration of 60% to
64%.

12. The method of recycling mother liquid of a PTA re-
fining unit according to claim 6, wherein the plurality
of series connected filters are series connection of
first stage filters (17) and second stage filters (18),
and filter cloths are arranged in the plurality of series
connected filters.
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